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We dedicate this work to all our COPD patients who continue
to teach us every day and to our primary care colleagues who
are in the forefront of managing these patients.






Preface

Chronic obstructive pulmonary disease (COPD) affects millions of people across the world. Cigarette
smoking and/or exposure to other noxious stimuli results in inflammation and damage to the airways
and lung parenchyma, resulting in expiratory flow limitation. COPD is not only a major burden to
our patients but is also costly and results in billions of dollars of direct and indirect costs annually. In
recent years and with advancement of science, our understanding of COPD improved significantly.
Current management guidelines consider COPD as a “...preventable and treatable...” condition.
Recent studies clearly indicate that available pharmacological and non-pharmacological interventions
may improve various clinical outcomes in patients with COPD.

This book was written to help clinicians who take care of patients with COPD including primary
care providers and specialists. Primary care providers are in the forefront of delivering care to patients
and play a vital role in managing various chronic diseases including COPD. A clear example of the
role of primary care providers in improving patient care is the fight against atherosclerotic cardiac
diseases. Every primary care provider is well aware of the long-term effects of hypertension and
hypercholesterolemia. Even though both diseases are asymptomatic in overwhelming majority of the
cases, primary care providers routinely check both blood pressure and cholesterol levels and treat
their patients according to evidence-based guidelines in the hope to prevent cardiovascular morbid-
ity and mortality. Indisputably, this approach resulted in decline in cardiovascular-related mortality.
Unfortunately this is not the case with COPD, which remains undiagnosed and therefore untreated in
more than 50% of the patients, and where mortality rose in last few decades. We hope that this book
will help improve knowledge of the healthcare community caring for COPD patients and may improve
its diagnosis and appropriate management.

With this goal in mind, a group of experts in this field took the task of developing this publication
focusing on essential issues that all providers should be aware of. The first four chapters of the book
cover major points about the systemic nature of COPD, the clinical and physiological assessments,
and the outcome measures and prognostic markers. In the following section, various pharmacologic
and non-pharmacological management strategies are reviewed based on available evidence. The final
sections outline the non-pulmonary effects of COPD and their management. The authors of the book
hope that it will provide an easy to read guide and thus improve management and care of patients with
COPD.
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The Multiple Components of COPD

Leonardo M. Fabbri, Fabrizio Luppi, Bianca Beghe, and Klaus F. Rabe

Key Points:

» Tobacco smoking affects multiple organ systems resulting in numerous so-called
tobacco-related diseases, including various chronic respiratory diseases, mainly
chronic obstructive pulmonary disease (COPD).

* Smokers with stable COPD have a chronic inflammation of the entire tracheobron-
chial tree characterized by an increased number of macrophages and CD8 T lym-
phocytes in the airway wall and of neutrophils in the airway lumen, leading to a
progressive and not fully reversible airflow limitation, as measured by the forced
expiratory volume in 1 second (FEV ).

* The inflammatory mediators involved in COPD have not been clearly defined, but
it is now apparent that many lipid mediators, inflammatory peptides, reactive oxygen
and nitrogen species, chemokines, cytokines, and growth factors are involved in
orchestrating the complex inflammatory process that results in small airway fibro-
sis and alveolar destruction. Many proteases are also involved in the inflammatory
process and are responsible for the destruction of elastin fibers in the lung paren-
chyma, which is the hallmark of emphysema.

* CDS8+ T lymphocytes from the bronchial mucosa of patients with COPD pre-
dominantly express the chemokine receptor CXCR3 and produce gamma interferon
(IFN-y), suggesting that these cells elaborate type I cytokines.

» Recent research suggests that inflammation is not confined to the lungs: inflammatory
cells and mediators are detectable in the bloodstream and may have systemic effects
in different areas of the body. This may account for the observation that patients with
COPD also present with systemic symptoms and comorbid conditions.

* Long-term smoke exposure can result in systemic oxidants—antioxidants imbalance
and low-grade systemic inflammatory response. Although most of the smoking-
induced changes are reversible after quitting, some inflammatory mediators like
C-reactive protein (CRP) are still significantly raised in ex-smokers up to 10-20
years after quitting, suggesting ongoing low-grade inflammatory response persisting
in former smokers.

* Considering the systemic nature of the inflammatory response to cigarette
smoke, there is increasing evidence that lung abnormalities may be responsi-
ble for the chronic comorbidities that develop along with COPD, particularly

Supported by: A.R.C.A. (Associazione per la Ricerca e la Cura dell’ Asma); Consorzio Ferrara
Ricerche, A.S.T.M.P. (Associazione per lo Studio de Tumori e delle Malattie Polmonari).
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chronic heart failure (CHF), coronary and peripheral vascular diseases, and the
metabolic syndrome.

e Comorbidities are highly likely to affect health outcomes in COPD, and COPD
patients are more likely to die of cardiovascular complications or cancer than of
respiratory failure.

Keywords Bronchitis e chronic diseases « chronic heart failure « emphysema e inflam-
mation e metabolic syndrome e osteoporosis

Introduction

Chronic obstructive pulmonary disease (COPD) is a major and growing cause of
morbidity and mortality [1, 2]. COPD is characterized by progressive and not fully
reversible airflow limitation, as measured by the forced expiratory volume in 1 second
(FEV)). The airflow limitation is associated with a chronic inflammatory process in the
airways and lung parenchyma in response to noxious particles or gases, in particular,
tobacco smoking [1, 2].

The chronic inflammatory process in COPD is characterized by infiltration of
the airways by neutrophils, macrophages, and CD8+ T cells [3, 4]. Such features of
inflammation in COPD are likely driven by various cellular pathways, including pro-
inflammatory cytokines and mediators of oxidative stress released locally or systemi-
cally [5, 6]. More than airway inflammation, a systemic inflammation has also been
observed in COPD, with the detection of increased levels of cytokines and inflamma-
tory mediators, particularly from the endothelium, that can cause lung and airways
injury [5, 7-9].

The presence of systemic inflammation in COPD has been linked to a variety of
complications, including weight loss [7, 10], cachexia [11], osteoporosis [12, 13], and
cardiovascular diseases [14, 15]. Moreover, elevation of acute-phase proteins in COPD
patients suggests that individuals with increased systemic inflammatory markers, such
as fibrinogen or C-reactive protein (CRP), experience an accelerated decline in lung
function and are at increased risk of hospitalization for COPD [16, 17].

The aim of the present chapter is to discuss the pathophysiology of COPD, its
multiple components, risk factors, systemic consequences, and comorbidities based
on current knowledge.

Structural Changes

In COPD, the structural changes occurring in both the large and small airways and in
the lung parenchyma may be related to the characteristic clinical manifestations and
lung function changes of the disease, e.g., symptoms (i.e., chronic cough and sputum
production), airflow limitation, gas exchange abnormalities, pulmonary hypertension,
and cor pulmonale [18].

Inflammation of the submucosal glands and hyperplasia of goblet cells may con-
tribute to symptoms, such as chronic sputum production, although these pathological
abnormalities are not present in all patients with chronic sputum and may be present
in subjects without symptoms. The various pathological changes in the central airways
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Table 1.1 Causes of airflow limitation in chronic obstructive pulmonary disease
(COPD) (Adapted from [1]).
Irreversible e Fibrosis and narrowing of airways

* Loss of elastic recoil due to alveolar destruction
* Destruction of alveolar support that maintains patency of small airways

Reversible * Accumulation of inflammatory cells, mucus, and plasma exudate in bronchi
* Smooth muscle contraction in peripheral and central airways
* Dynamic hyperinflation during exercise

responsible for the symptoms of chronic cough and sputum production may continue
to be present throughout the course of the disease. Thus, these pathological changes
may be present either on their own or in combination with the changes in the peripheral
airways and lung parenchyma described below.

Fixed or poorly reversible expiratory airflow limitation is the hallmark functional
abnormality of COPD. Several pathological characteristics may contribute to airflow
limitation (Table 1.1). Airway remodeling and emphysema are most likely responsi-
ble for the fixed, poorly reversible component of airflow limitation, whereas airway
smooth muscle contraction, airway inflammation, and intraluminal accumulation of
mucus and plasma exudate may be responsible for the small part of airflow limitation
that is still reversible either spontaneously or with treatment.

The early decline in lung function in COPD is correlated with inflammatory changes
in the peripheral airways, similar to those that occur in the central airways: exudate of
fluid and cells in the airway wall and lumen, goblet and squamous cell metaplasia of
the epithelium, oedema of the airway mucosa due to inflammation, and excess mucus
in the airways due to goblet cell metaplasia. The most characteristic change in the
peripheral airways of patients with COPD is airway narrowing. Inflammation initiated
by cigarette smoking and other risk factors leads to repeated cycles of injury and repair
of the walls of the peripheral airways. Injury is caused either directly by inhaled toxic
particles and gases such as those found in cigarette smoke, or indirectly by the action
of inflammatory mediators; this injury then initiates repair processes. Although airway
repair is only partly understood, it seems likely that disordered repair processes can
lead to tissue remodeling with altered structure and function. Cigarette smoke may
impair lung repair mechanisms, thereby further contributing to altered lung structure
[19]. Even normal lung repair mechanisms can lead to airway remodeling because
tissue repair in the airways, as elsewhere in the body, may involve scar tissue forma-
tion. Inflammatory changes such as airway oedema and mucus hypersecretion also
contribute to airway narrowing in COPD. So does loss of elastic recoil, but fibrosis of
the small airways plays the largest role [18].

The relative contribution of airway remodeling and emphysema to airflow limitation
is not known. Indeed, there is still no consensus on whether the fixed airflow limitation
in COPD is mainly due to inflammation and scarring in the small airways or predomi-
nantly due to loss of support to the airways resulting from loss of alveolar walls due to
emphysema. In general, the studies assessing the lung function in relation to airway and
pulmonary structure have shown a relatively poor relationship between macroscopic
emphysema and the severity of airways obstruction as measured with spirometry.
However, the relative contribution of airway narrowing/fibrosis and emphysema to
airflow limitation may depend on the severity of COPD. Bronchiolar abnormalities
may contribute more significantly to mild—-moderate chronic airflow limitation. When
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only subjects with less severe COPD are considered, several indices of bronchiolar
inflammation correlate with the degree of airflow obstruction. Indeed the most consist-
ent relationship between lung function and airway and pulmonary structure found in
subjects with severe COPD is between severe emphysema and severe airflow limitation.
The most important factor is emphysema and loss of elastic recoil. Most studies
in advanced COPD find that the best reflection of the severity of airflow limitation is
the extent of pulmonary emphysema. Thus, although both the destruction of alveolar
attachments to the outer wall of the peripheral airways and the loss of lung elastic
recoil produced by emphysema have been implicated in the pathogenesis of peripheral
airways obstruction, direct measurements of peripheral airways resistance show that
the structural changes in the airway wall are the most important cause of the increase
in peripheral airways resistance in COPD. Thus, when COPD becomes moderate or
severe, loss of elastic recoil becomes overwhelmingly important and may mask the
effects of bronchiolar disease on chronic airflow limitation [18].

Advanced COPD is also associated with gas exchange abnormalities, i.e., hypox-
emia and, later on, hypercapnia. Abnormal gas exchange may be due to several factors,
such as alveolar hypoventilation, altered gas transfer, inequalities in ventilation—
perfusion (V/Q) ratio, and right-left blood shunting. Several studies have demon-
strated a negative relationship between single breath or steady-state carbon monoxide
transfer factor (TLCO) and the degree of emphysema [20, 21]. In COPD, regardless
of the stage of disease and the presence or absence of emphysema, V/Q inequality is
generally accepted to be the major mechanism that impairs gas exchange and leads
to arterial hypoxemia. Impaired V/Q relationships may be caused by multiple patho-
logical changes in different lung structures, including the airways, parenchyma, and
pulmonary vasculature. Bronchiolar lesions are associated with V/Q mismatching, as
indicated by a significant correlation between bronchiolar inflammation and the distri-
bution of ventilation. Low V/Q units in the lungs may represent areas with a partially
blocked airway. Destruction of the lung surface area by emphysema reduces the diffus-
ing capacity and interferes with gas exchange [20]. The severity of pulmonary emphy-
sema appears to be related to the overall inefficiency of the lung as a gas exchanger.
This is reflected by the good correlation between the diffusing capacity of carbon
monoxide per liter of alveolar volume (TLCO/VA) and the severity of macroscopic
emphysema. Reduced ventilation due to loss of elastic recoil in emphysematous lung
together with loss of the capillary bed and generalized inhomogeneity of ventilation
due to the patchy nature of these changes leads to areas of V/Q mismatching which
result in arterial hypoxemia. Of the four classic mechanisms determining hypoxemia
and/or hypercapnia — alveolar hypoventilation, alveolar-end capillary diffusion limita-
tion to oxygen, increased intrapulmonary shunt, and ventilation—perfusion mismatch-
ing — the last is by far the most common intrapulmonary determinant of hypoxemia in
COPD. The role of shunt is almost negligible, even in the most life-threatening condi-
tions, and diffusion limitation is conspicuously absent. Hypercapnia can be induced
by ventilation—perfusion imbalance and/or alveolar hypoventilation, the latter being
predominant during exacerbations.

Pulmonary hypertension develops late in the natural history of patients with COPD,
is usually associated with the development of severe hypoxemia (P,02<8 KPa or
60 mmHg), and is often hypercapnia as well. It represents the main cardiovascular
complication associated with the development of right ventricular hypertrophy (cor
pulmonale). Several factors are known to contribute to the development of pulmonary
hypertension in patients with COPD, i.e., (1) thickening of pulmonary vessel walls and
reduction of lumen; (2) hypoxia, which causes pulmonary vascular smooth muscle to
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contract and further reduces the lumen; (3) impaired endothelium-dependent vasodilation
(reduction of nitric oxide (NO) synthesis or release in response to hypoxaemia);
(4) abnormal secretion of vasoconstrictor peptides such as endothelin-1; (5) destruc-
tion of the capillary bed, which further increases the pressure required to perfuse the
pulmonary circulation.

Cor pulmonale is defined as “hypertrophy of the right ventricle resulting from dis-
eases affecting the function and/or structure of the lungs, except when these pulmonary
alterations are the result of diseases that primarily affect the left side of the heart, as
in congenital heart disease.” This is a pathological definition and the clinical diagnosis
and assessment of right ventricular hypertrophy is difficult in life. The prevalence and
natural history of cor pulmonale in COPD are not yet clear. Pulmonary hypertension
and reduction of the vascular bed due to emphysema can lead to right ventricular
hypertrophy and right heart failure. Right heart failure is associated with venous stasis
and thrombosis that may result in pulmonary embolism and further compromise the
pulmonary circulation.

Pulmonary Inflammation

COPD is associated with inflammation of the central and peripheral airways, lung
parenchyma, and pulmonary vessels. In the central airways, the characteristics of
inflammation are (1) an increased number of mononuclear cells, particularly macro-
phages and CD8+ T lymphocytes, associated in a few cases with neutrophils, eosi-
nophils, and mast cells in the airway mucosa; (2) an increased number of neutrophils
and, in a few cases, eosinophils in bronchoalveolar lavage (BAL) fluid; (3) infiltration
of submucosal glands by neutrophils; (4) hyperplasia of goblet cells and enlarged
mucous glands; (5) metaplasia of airway epithelium that is otherwise well preserved,;
and (6) no change in the structure of the lamina reticularis of the basement membrane.
The contribution of these pathological abnormalities to airflow limitation and gas
exchange abnormalities remains unclear. However, as airflow limitation progresses,
the number of T lymphocytes and macrophages increases in the submucosa, and the
number of CD8+ T lymphocytes also increases significantly [3, 4, 22, 23].

Peripheral airways show pathological abnormalities similar to those in the central
airways: (1) an increased number of mononuclear cells in the airway mucosa; (2) a sig-
nificant increase in lymphocytes and particularly in the number of CD8+ T lymphocytes
as airflow limitation progresses [3, 22, 23]; (3) an increased number of neutrophils in
the airway fluid; and (4) metaplasia of airway epithelium with hyperplasia of goblet
cells. In addition, peripheral airways show (1) increased intra-luminal mucus and exu-
date; (2) increased mass of smooth muscle; (3) fibrosis, distortion, and obliteration of
airway walls; and (4) loss of alveolar attachments to the bronchiolar walls.

In the lung parenchyma, the characteristic pathological abnormalities are
(1) panlobular emphysema and centrilobular emphysema in various combinations [24];
(2) paraseptal emphysema; and (3) loss of vascular bed linked to emphysema [25].

Patients with COPD may have a significant reversibility of airflow limitation in
response to bronchodilators and/or glucocorticosteroids [26—30]. These patients have
the same pathologic abnormalities as COPD patients, but may also have some patho-
logical features of asthma, namely, a small but significant increase of eosinophils in
BAL fluid and increased thickness of the reticular layer of the basement membrane
[27]. Moreover, in COPD with partial reversibility of airflow limitation, the bronchodilator
response is associated with increased exhaled NO and sputum eosinophilia [31].

5
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Inflammatory Mediators

Migration and activation of inflammatory cells is regulated by cytokines and
chemokines, small proteins secreted by a variety of structural cells, such as epithelial
cells, endothelial cells, smooth muscle cells, and fibroblasts, as well as by inflam-
matory cells. Chemokines are a family of more than 40 small (8-11 kDa) cytokines
that have been defined primarily by their ability to mediate leukocyte chemotaxis.
Chemokines are divided into four major families on the basis of the spacing of the
most amino terminal of four conserved cysteine residues, i.e., the C, CC, CXC, and
CX3C families, where X represents any amino acid [32].

Bronchopulmonary inflammation of COPD is characterized by CD8+ T lym-
phocytes, Tcl cells and neutrophils. Recent reports demonstrate that T cells from the
bronchial mucosa of patients with COPD predominantly express the chemokine receptor
CXCR3 [33-35] and produce gamma interferon (IFN-y), suggesting that these cells
elaborate type I cytokines [36].

CXCR3 binds three highly potent, inflammation-inducible CXC chemokine agonists:
IFN-y-inducible protein 10 (CXCL10/IP-10), a monokine induced by IFN-y, and IFN-
inducible T-cell a-chemoattractant (CXCL11/I-TAC) [36]. CD8+ cells are potent produc-
ers of IFN-y in COPD. IFN-y causes emphysema with alveolar enlargement, enhanced
lung volumes, enhanced pulmonary compliance, and macrophage- and neutrophil-rich
inflammation when inducibly targeted, in a transgenic fashion, to the adult mouse lung
[37]. Prominent protease and antiprotease alterations have also been noted in mice: the
induction and activation of matrix metalloproteinase (MMP)-12 and cathepsins B, H, D,
S, and L; the elaboration of MMP-9; and the selective inhibition of secretory leukocyte
proteinase inhibitor. Therefore, IFN-y causes emphysema and alterations in pulmonary
protease/antiprotease balance when expressed in pulmonary tissues [37].

Several chemokines involved in neutrophil chemotaxis belong to the CXC fam-
ily, of which interleukin-8 (IL-8, CXCLS) is the most prominent member relevant in
COPD. IL-8 levels are markedly elevated in the sputum and BAL fluid of patients with
COPD and correlate with the extent of neutrophilic inflammation and disease sever-
ity. The blocking of IL-8 reduces the chemotactic response of neutrophils to sputum
from COPD patients in vitro [38]. IL-8 activates human neutrophils by binding to two
G-protein-coupled receptors, designated CXCR1 and CXCR2. CXCRI1 is selectively
activated by two chemokine ligands, IL-8 and granulocyte chemoattractant protein
(CXCL6/GCP2), the binding of which is coupled to activation and degranulation. CC
chemokines are also thought to be involved in COPD. Increased expression of mono-
cyte chemoattractant protein 1 (CCL2/MCP-1) and its cognate receptor CCR2 has
been demonstrated in macrophages and epithelial cells from patients with COPD [39].
CCL2/MCP-1 may play a role in recruitment of blood monocytes to the lungs of COPD
patients [40]. Elastin fragments generated at the diseased sites are potent chemoattract-
ants for monocytes in the lung in pulmonary emphysema [41]. Furthermore, an increase
in the number of dendritic cells in the airways of patients with COPD has been observed
and could be explained by the interaction of CCL20 with CCR6 on pulmonary dendritic
cells [42]; in particular, the number of dendritic cells in epithelium and adventitia of
small airways in patients with COPD increases significantly with disease severity.

Tumor necrosis factor-o. (TNF-a) is also present in high concentrations in the sputum
of COPD patients and is detectable in bronchial biopsy specimens. TNF-a can induce
IL-8 expression in airway cells by activation of the transcription factor NF-xB [43].

In COPD, alveolar macrophages and neutrophils play a central role in the destruction of
lung parenchyma [44, 45]. Various proteases break down connective tissue components,
particularly elastin, in lung parenchyma to produce emphysema [46].
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Three MMPs degrade elastin: MMP-2, MMP-9, and MMP-12. Elevated MMP-9
was found in homogenates of lung removed from patients undergoing lung volume
reduction surgery, meaning that the samples were from an advanced stage of emphy-
sema [47]. These lung homogenates revealed MMP-9-related elastolytic and gelati-
nolytic activity and significant elevations in MMP-9, with no significant increase in
neutrophil elastase by ELISA [48]. There is also an increase in the activity of MMP-9
and MMP-2 in the lung parenchyma of patients with emphysema. The role of MMP-9 in
the pathogenesis of emphysema is likely to be complex. a.,-Antitrypsin can be cleaved
by MMP-9. Increased chemotactic activity in BAL fluid is associated with the devel-
opment of smoking-related emphysema [McCrea, 1994 #188], and potentiation of IL-8
by MMP-9 could amplify the alveolar inflammation and destruction in smokers who
develop emphysema [49].

Oxidative stress may also have an important role in COPD. In smokers and in COPD
patients, there is an oxidant—antioxidant imbalance in favor of oxidants [6]. Smoking
produces a decrease in alveolar and lung glutathione (GSH) metabolism, widely recog-
nized as a central feature of COPD [50]. The severity of airway obstruction, as meas-
ured by FEV, in smokers with COPD, correlates negatively with the concentration
of GSH in BAL fluid: the higher the concentration of GSH, the lower the FEV, [51].
Patients with acute exacerbations of COPD show increased production of superoxide
anion by their peripheral blood neutrophils compared with stable patients. Products
of lipid peroxidation are significantly increased in plasma or BAL fluid from healthy
smokers and from patients with acute exacerbations of COPD, compared with healthy
nonsmokers [51]. Smoking also produces a fall in the plasma antioxidant capacity,
a global measure of systemic oxidative stress [50]. There are few measurements of
GSH in the lung epithelial lining fluid (ELF) from smokers and patients with COPD.
The GSH concentration in BAL fluid from patients with COPD is similar to that in
chronic smokers with no airflow obstruction. This emphasizes the effects of smoking
on GSH metabolism rather than reflecting the disease severity in the COPD patients.
The relevance of these studies is not known. It is possible that GSH concentrations in
BAL are influenced by the recent smoking of these patients.

Exposure to cigarette smoke is reported to induce goblet cell metaplasia and mucus
production [52], but the mechanism is unknown. Mucin synthesis in airways has been
reported to be regulated by the epidermal growth factor receptor (EGFR) system. In
particular, the exposure of airway epithelial cells to cigarette smoke upregulates EGFR
expression and activates EGFR tyrosine phosphorylation, causing mucin synthesis in
epithelial cells [53]. The mechanisms by which cigarette smoke induces EGFR activa-
tion are not completely defined [53]. However, it has been observed that cigarette smoke
is able to transactivate EGFR and thereby stimulate the transmembrane metalloprotei-
nase TNF-a converting enzyme, the ADAM (“A Disintegrin And Metalloproteinase™)
17. This metalloproteinase is able to cleave transmembrane amphiregulin, a ligand for
the EGFR. The binding of amphiregulin to EGFR then triggers the receptor’s activa-
tion [54]. Cigarette smoke can also cause neutrophil migration into the airways [55].
Neutrophils are also increased in the bronchial glands [56]. In vivo and in vitro stud-
ies show that these neutrophils can stimulate goblet cell degranulation [57]. Purified
neutrophil elastase has been shown to be a potent secretagogue for goblet cells in vitro
[58]. However, it is not clear whether this molecule is responsible for the effect of neu-
trophils on degranulation, since the cells themselves release little or no elastase in vitro,
even after activation with a variety of molecules (IL-8, leukotriene B 4 INF-a). Rather,
the activation of neutrophils causes a translocation of elastase from the azurophilic
granules to the cell surface [59]. However, in a guinea pig model, the elastase inhibitor
ICI 200355 inhibited the neutrophil-dependent goblet cell degranulation seen after the
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tracheal instillation of neutrophil chemoattractants [60].These results confirmed the
role of neutrophil elastase in degranulation, but the question of how elastase exerts
its effect still remains, since neutrophil activators and chemoattractants do not appear
to promote its release [61]. The potential role of elastase in goblet cell degranulation
implies a direct interaction between neutrophils and goblet cells. Some experimental
evidence suggests a direct interaction between neutrophils and goblet cells in the airway
epithelium, involving ICAM-1, CD11b, or CD18 cells [61]. These leukocyte adhesion
receptors play an important role in inflammation via their regulatory effects on leukocyte
adhesion, transmigration, and function [62].

Systemic Inflammation

Recent research suggests that inflammation is not confined to the lungs: inflammatory
cells and mediators generated in the lungs may enter the bloodstream and may have
systemic effects on other susceptible areas of the body. This may account for the obser-
vation that patients with COPD also present with systemic symptoms and comorbid
conditions, including muscle weakness, weight loss, cardiovascular disease, osteoporosis,
hypertension, depression, cognitive decline, sleep disorders, sexual dysfunction, and
possibly diabetes [8, 13] (Fig. 1.1).

Cigarette smoke
Pollutants

. Metabolic Syndrome
Type 2 diabetes
Weakness / Wasting -_m .
I

Local&Systemic
Inflammation Osteoporosis

Cardlovascular
Events

CRP: C-Reactive Protein

Fig. 1.1. The central role of inflammation in co-morbidity associated with chronic obstructive
pulmonary disease (COPD). Inflammation appears to play a central role in the pathogenesis of
COPD and other conditions that are increasingly being recognized as systemic inflammatory
diseases. As part of the chronic inflammatory process, TNF-a receptor polymorphisms are asso-
ciated with increased severity of disease possibly due to enhanced TNF-a effects. Also, CRP
levels can be increased directly by TNF-a and other cytokines, and elevated CRP and fibrinogen
may be crucial in the pathogenesis of cardiovascular disease. Reactive oxygen species (ROS)
released as a result of COPD may enhance the likelihood of developing cardiovascular disease,
diabetes, and osteoporosis. TNF-o tumor necrosis factor-alpha, CRP C reactive protein, ROS
reactive oxygen species
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In recognition of the systemic component of COPD, the 2004 ATS/ERS Standards
for Diagnosis and Treatment of Patients with COPD were the first guidelines to
acknowledge that assessment of severity should ideally include systemic symptoms,
such as weight loss and muscle wasting [2]. Patients with COPD have higher baseline
levels of several circulating inflammatory markers [63]. The reasons are not clear,
and it remains unknown whether the systemic inflammation is a primary or secondary
phenomenon. Specific subsets of patients with COPD have been identified, and those
with increased resting energy expenditure and decreased fat-free mass have more
marked elevation of stable-state CRP and lipopolysaccharide binding protein [64].
Furthermore, those with higher levels of systemic inflammation lack a response to
nutritional supplementation [65], raising the possibility that this may be an associated
phenomenon rather than cause and effect. CRP levels in serum are raised in COPD
patients independent of cigarette smoking, and they are reduced in COPD patients who
use inhaled glucocorticosteroids [66]. There is also a genetic influence on CRP levels
in COPD [67], and CRP is considered a strong and independent predictor of COPD
outcomes in individuals with airflow limitation [17]. CRP is also associated with
impaired energy metabolism, impaired functional capacity, distress due to respiratory
symptoms [64], and lower quadriceps strength [68]. In the presence of exacerbated
respiratory symptoms, CRP levels in plasma may help to establish the diagnosis of a
COPD exacerbation [69].

Changes have also been noted in various inflammatory cells in peripheral blood,
including neutrophils and lymphocytes [70]. Patients with COPD have increased num-
bers of neutrophils in the lungs, increased activation of neutrophils in peripheral blood
and an increase in TNF-a and soluble TNF-R. It has been suggested that this indicates
the importance of a TNF-a/neutrophil axis in maintaining the COPD phenotype [43].
The central role of TNF-a in lung inflammation is not only supported by animal
models [43] but has also been implicated in the COPD phenotype with low body mass
index [71]. Cytokine production by macrophages is enhanced by hypoxia in vitro
[72], and thus the inverse correlation between arterial oxygen tension and circulating
TNF-a and solubleTNF-R may be the result of systemic hypoxia [72]. It is tempting
therefore to assume that TNF inhibition would be as beneficial in COPD as it has been
in other inflammatory conditions, such as rheumatoid arthritis and Crohn’s disease
[13]. However, this was also hypothesized for congestive heart failure (CHF). TNF-a
is believed to play a key role in the pathogenesis of CHF, and raised levels are associ-
ated with higher mortality in CHF [73]. However, studies using TNF-a blockade have
shown no benefit and possibly an increase in mortality for reasons that are not clear
[74], suggesting that it is not a simple cause and effect. Finally, both an increase in
CDS8+ cells [75-78] and an increase in CD4+ cells [79] have been reported in patients
with COPD [75-78], highlighting the difficulties in conducting peripheral blood studies
in this disease [79].

Systemic Consequences and Comorbidities

Considering the systemic nature of the inflammatory response to irritants, particularly
cigarette smoke, there is increasing evidence that lung abnormalities may be responsible
not only for respiratory symptoms, e.g., dyspnoea, but also for the chronic comorbidi-
ties that develop along with COPD, particularly chronic heart failure (CHF), coronary
and peripheral vascular diseases, and the metabolic syndrome [8, 13]. Comorbidities are
highly likely to affect health outcomes in COPD, and COPD patients are more likely to
die of cardiovascular complications or cancer than of respiratory failure [80].
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Progressive respiratory failure accounts for approximately one third of COPD-
related mortality; therefore, factors other than progression of lung disease must
play a substantial role. The most common comorbidities that have been described in
association with COPD are hypertension, diabetes, coronary artery disease [81, 82],
CHF [83], pulmonary infections, cancer [84], and pulmonary vascular disease [80].
The number of preexisting comorbidities in patients with COPD is associated with
increased in-hospital mortality [82]. Comorbid conditions that have been associated
with an increased mortality risk in COPD patients include chronic renal failure, cor
pulmonale [85], and pulmonary vascular disease [86]. Underlying heart diseases have
not been consistently associated with a higher mortality risk. However, since COPD is
frequently underreported, it is difficult to make an accurate estimate of how comorbid
conditions influence COPD mortality or, conversely, how COPD affects the outcome
of other diagnoses [80].

There is a growing body of evidence to indicate that persistent low-grade systemic
inflammation is present in stable COPD. Low-grade systemic inflammation has been
implicated in the pathogenesis of cardiovascular events and chronic myopathy of the
skeletal muscle. Since COPD patients suffer from excess morbidity and mortality
related to cardiovascular events, it has been suggested that systemic inflammation may be
the common link [13].

Chronic Heart Failure

CHF and COPD are two commonly encountered conditions in clinical practice. CHF
accounts for their frequent coexistence. The prevalence of COPD ranges from 20% to
32% in patients with CHF [15, 87]. FEV, is as good a predictor of cardiovascular mor-
tality as serum cholesterol [88]. Ischemic heart disease, and not respiratory failure, is
the leading cause of death in COPD patients, with only a small fraction dying of respi-
ratory failure [87]. The relationship between COPD and cardiovascular events remains
unclear. Patients with COPD are not at increased risk for hypertension or left ventricular
hypertrophy; however, they consistently show evidence of low-grade systemic inflam-
mation that plays an increasingly recognized role in the pathogenesis of atherosclerosis
[87]. Patients with severe COPD are 2.18-2.74 times more likely to have elevated or
highly elevated circulating CRP levels than control subjects [89]. A working hypothesis
to account for the high prevalence of systolic dysfunction in patients with COPD is that
low-grade systemic inflammation accelerates the progression of coronary atheroscle-
rosis, which ultimately results in ischemic cardiomyopathy. Such a hypothesis fits the
clinical observation of a high incidence of left ventricular wall motion abnormalities
noted in patients with COPD and left ventricular dysfunction [87].

Diabetes

Type II diabetes mellitus is a disorder with an increased incidence in COPD. Systemic
inflammation may also explain why patients with COPD have an increased risk
of developing type II diabetes [90]. Some aspect of inflammation can predict the
development of diabetes and glucose disorders [91, 92], and fibrinogen, circulating
white blood cell count, and lower serum albumin predict the development of type II
diabetes [92]. Furthermore, patients with noninsulin-dependent diabetes mellitus have
increased circulating levels of TNF-a, IL-6, and CRP [93], which are also risk factors
for cardiovascular events in both sexes [94, 95].
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The roles of circulating cytokines in the pathogenesis of diabetes and insulin resist-
ance have received increasing interest. Adipose tissue secretes numerous adipokines,
which markedly influence lipid and glucose/insulin metabolism [13]. Sonnenberg et al.
[96] proposed that TNF-a. might be a mediator of the diabetic process. As described
above, this cytokine acts via its receptor to activate the nuclear transcription factor
NF-kB, leading to cytokine production, upregulation of adhesion molecules and
increasing oxidative stress. Indeed, this latter effect together with TNF-o. may provide
a stimulating pathway that interferes with glucose metabolism and insulin sensitivity
[13]. This concept is supported by several clinical and experimental observations. It is
known that TNF-a expression is increased in patients with weight gain and insulin
resistance [97]. Perhaps this represents a modulating effect, as TNF-a stimulates
lipolysis [98] but TNF-a levels are associated with hyperinsulinemia and insulin resist-
ance [99]. Other studies have also confirmed that an acute-phase response (CRP) is
increased in obesity and associated with insulin resistance [100]. Furthermore,
adiponectin levels are reduced in obesity and associated with insulin resistance and
hyperinsulinemia [101]. However, the most direct supporting data for this putative axis
come from the obese, insulin-resistant mouse, in which TNF-a inhibition improves
insulin sensitivity [97]. These observations support the concept that inflammation, as
reflected in acute-phase proteins, is in some way intimately associated with the devel-
opment of glucose intolerance and insulin resistance.

Atherosclerosis

As atherosclerosis is the most common cause of coronary and peripheral artery disease
worldwide, the epidemiology and clinical consequences of peripheral arterial disease
are closely associated with classic risk factors for atherosclerosis, including cigarette
smoking.

Pai et al. [94] assessed the risk of coronary heart disease and related it to the circu-
lating levels of several inflammatory markers. They found that high levels of CRP and
IL-6 are significantly related to an increased risk in both males and females.

CRP is a type I acute-phase protein that possesses the ability to bind to bacteria, sub-
sequently facilitating the binding of complement necessary for bacterial killing and/or
phagocytosis. The protein can increase during an inflammatory process. TNF-a., IL-1,
and IL-6 stimulate CRP synthesis by inducing hepatic gene expression [102], implicat-
ing TNF-a at the core of the process. Macrophages have receptors for CRP, and CRP
can increase cytokine production [103, 104]. These features may be central to atheroma
production. CRP may deposit directly onto the arterial wall during atherogenesis, pos-
sibly via the Fcy receptor [105], facilitating monocyte adherence through the production
of the monocyte chemokine MCP-1. Further activation can result in production of other
pro-inflammatory cytokines and differentiation of the monocytes into macrophages. In
the presence of oxidized low-density lipoproteins, CRP can facilitate the production of
foam cells, which are the building blocks of atherosclerotic plaques.

A study by Smeeth et al. [106] indicated that the risk of a myocardial infarct or cer-
ebrovascular event is increased greatly within the first 3 days after an “acute systemic
respiratory tract infection,” defined by the authors as pneumonia, acute bronchitis,
“chest infections,” or influenza. These events are accompanied by a well-recognized
acute inflammatory response and cytokine production. Indeed, in patients with COPD,
not only is the baseline CRP >3 mg/L in almost half of the patients, but the further rise
during an acute exacerbation [107] is also associated with a rise in fibrinogen [108],
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increasing the prothrombotic risk. This may well account for the increased risk of
vascular events in COPD and particularly the increased mortality within a few months
of hospital admission for an acute exacerbation [109].

Osteoporosis

The risk of osteoporosis with steroid use is well known, but patients with COPD have
an increased risk even in the absence of steroid use. McEvoy et al. [110] observed
that vertebral fractures were present in up to 50% of steroid-naive males with COPD.
A more recent study by Bolton et al. [107] confirmed that osteopenia is a feature of
COPD and associated with an increase in circulating TNF-o. Postmenopausal oste-
oporosis is related to high serum levels of TNF-a and IL-6 [111]. It is known that
macrophages can differentiate into osteoclasts in the presence of marrow mesenchy-
mal cells. Marrow mesenchymal cells release the cytokine RANK ligand (RANKL),
a member of the TNF-a superfamily. TNF-o. and IL-1 enhance this process and can
induce RANKL expression in marrow stromal cells and synergize with RANKL in
osteoclastogenesis [112]; osteoclast formation can also be induced by IL-6 independ-
ent of RANKL [113]. However, other inflammatory conditions, such as rheumatoid
arthritis [114] and periodontal disease [115], have T cells induced to produce RANKL,
and it is therefore likely that a similar process occurs in COPD.

The role of pro-inflammatory cytokines may therefore be central to the osteoporosis
associated with inflammatory disease. In support of this concept is the study reported
by Gianni et al. [111], who confirmed that raloxifene is able to decrease TNF-a tran-
scription and serum levels while increasing bone density. Again, these data support a
close association between the pro-inflammatory process and osteopenia.

Muscle Wasting

In patients with COPD, peripheral muscle dysfunction is clearly evidenced by the
significant reduction in both strength and endurance in the ambulatory muscles of
these patients in comparison with healthy subjects [116]. Other studies have shown
several morphological, structural, and biochemical abnormalities that could contribute
to the dysfunction [116].

Low body mass index, older age, and low arterial oxygen tension have been shown
to be significant independent predictors of mortality in COPD [117, 118]. More spe-
cifically, loss of fat-free mass adversely affects respiratory and peripheral muscle func-
tion, exercise capacity, and health status. Both weight loss and loss of fat-free mass
appear to be the result of a negative energy balance and are seen more commonly in
emphysema [119]. In starvation and nutritional imbalance there is an adaptive reduc-
tion in resting energy requirements [120]. In contrast, as in cachexia, increased resting
energy expenditure has been noted in many COPD patients, linked to systemic inflam-
mation [121, 122]. Furthermore, nutritional intake is also generally adequate (although
not during acute exacerbations). While there is no universally agreed upon definition
of cachexia, accelerated loss of skeletal muscle in the context of a chronic inflam-
matory response is a characteristic feature [123] not limited to COPD. Patients with
cachexia display preferential loss of fat-free mass, enhanced protein degradation [124],
and poor responsiveness to nutritional interventions [125, 126]. In addition, cachectic
patients exhibit changes in the metabolism of proteins, lipids, and carbohydrates that
are thought to be related to systemic rather than local inflammation [125, 127]. Thus,
muscle wasting in COPD displays similarities to the cachexia seen in CHF, renal failure,
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AIDS and cancer, among others. Cachexia in these conditions is not only associated
with reduced survival [126, 128] but is also related to poor functional status and health-
related quality of life [123]. Common findings in all these conditions include increased
levels of circulating pro-inflammatory molecules, including TNF-a, IL-1, IL-6, IL-8,
and IFN-y, and reduced levels of anabolic hormones, including insulin-like growth
factors and testosterone [123].

TNF-a plays a central role in the muscle wasting and weight loss seen in COPD. It
has several direct effects (anorexia, altered levels of circulating hormones and catabolic
cytokines, and altered end organ sensitivities to them) that could promote muscle wasting
[129], predominantly via the ubiquitin pathway. This process is mediated by NF-«xB, a
transcription factor that is inactive when bound to its inhibitor but that can be activated
by inflammatory cytokines, including TNF-a. [130]. In muscle cells, NF-kB can interfere
with skeletal muscle differentiation and repair via inhibition of MyoD expression [131].

Conclusions

COPD can no longer be considered a disease only of the lungs. It is associated with a wide
variety of systemic consequences, most notably systemic inflammation. A better under-
standing of its origin, consequences, and potential therapy should prove to be of great
relevance and lead to better care of the patients suffering from this devastating disease.
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Clinical Assessment of COPD

Jgrgen Vestbo

Key Points:

» Chronic obstructive pulmonary disease (COPD) should be suspected in any patient
aged 40 years or more with symptoms of cough, sputum production, or breathless-
ness and/or a history of exposure to risk factors, in particular smoking. When seeing
patients with respiratory symptoms or smokers — think of COPD

* Do spirometry

* Exclude differential diagnoses, perform chest x-ray

* Assess functional impairment, by interview and even better by testing

*  When possible, standardize your questioning

* Consider further physiological testing or imaging

* Calculate BMI, it has prognostic value

Keywords COPD e diagnosis e breathlessness « symptoms

Diagnosis and Differential Diagnosis

The current definition of chronic obstructive pulmonary disease (COPD) is “A pre-
ventable and treatable disease with some significant extra-pulmonary effects that may
contribute to the severity in individual patients. Its pulmonary component is character-
ized by airflow limitation that is not fully reversible. The airflow limitation is usually
progressive and associated with an abnormal inflammatory response of the lung to
noxious particles or gases” [1].

According to guidelines, COPD should be suspected in any patient aged 40 years or
more with symptoms of cough, sputum production, or breathlessness and/or a history
of exposure to risk factors, in particular smoking [2, 3]. Smoking is well known for
causing COPD but the list of risk factors for developing COPD is long and include
both host factors and environmental exposures, most often interacting [4, 5]. This
should especially be taken into account outside Europe and the USA where exposure
to risk factor other than smoking seems to play a larger role. A list of the currently
accepted and suggested risk factors is shown in Table 2.1; risk factors marked with an
asterisk have the most literature supporting their role.

Guidelines usually state that a suspected diagnosis of COPD is confirmed by
spirometry with the well-known — but perhaps still questioned — post-bronchodilator
ratio (FEV /FVC) of <0.7. There are, however, a number of differential diagnosis that
need to be taken into account, as listed in Table 2.2.

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis
and Clinical Management, Respiratory Medicine, DOI 10.1007/978-1-59745-357-8_2,
© Springer Science+Business Media, LLC 2011
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Table 2.1 Risk factors for chronic obstructive
pulmonary disease (COPD)*.

External
Smoking*
Socioeconomic status*
Occupation*
Biomass fuel exposure*

Internal
Genetic factors*
Gender
Chronic mucus hypersecretion

Other
Airway hyper-responsiveness*
Elevated IgE
Asthma*
Environmental pollution
Perinatal events and childhood respiratory illness
Recurrent bronchopulmonary infections
Diet
IgE immunoglobulin E
In an attempted descending order, *risk factors with strongest
evidence to support

Table 2.2 Mostimportant differential diagnoses to
chronic obstructive pulmonary disease (COPD).

Respiratory
Chronis asthma
Bronchiectasis
Obliterative bronchiolitis
Diffuse panbronchiolitis
Tuberculosis

Non-respiratory
Congestive heart failure
Recurrent pulmonary embolism

The most difficult clinical problem will often be distinguishing COPD from per-
sistent poorly reversible asthma, especially in older patients. In general, it is easy
to distinguish asthma from COPD, in particular in young and middle-aged patients
where history will often suffice and where demonstration of a significant bron-
chodilator response is diagnostic of asthma. However, in older patients with signifi-
cant previous cigarette exposure and only modest reversibility to a bronchodilator,
the diagnosis can be difficult. In specialist clinics, measurements of NO in exhaled
air, cell differentials and mediators in induced sputum, and typical features such
as fragmented surface epithelium, presence of eosinophils and thickened basement
membrane in mucosal biopsies can all be used, but most often a more pragmatic
approach is needed. Treatment response to inhaled corticosteroids will often be the
indicator of the presence of asthma or COPD to the clinician but the evaluation by
treatment has never really been examined properly in prospective studies.

For most of the other differential diagnoses, the combination of a good clinical
assessment together with simple investigations will usually resolve any uncertainty;
often a chest radiograph will be helpful.



2 Clinical Assessment

In the middle-aged and elderly, congestive heart failure is an important differential
diagnosis. In many text books, fine basilar inspiratory crackles on auscultation is
referred to as a good sign of heart failure but often minor abnormalities can be found
in COPD as well. In this case, a chest radiograph is often helpful showing a dilated
heart and flow shift indicating heart failure. Spirometry will more often show volume
restriction than airflow restriction but particularly in more severe cases airflow limitation
secondary to heart failure can be seen.

A diagnosis of bronchiectasis is often helped by a history of large volumes of sputum.
It can sometimes be seen on a plain chest radiograph but often a diagnostic high-
resolution computed tomography (HRCT) scan is required for diagnosis. Caution in
interpreting bronchiectasis on an HRCT scan as absence of regular COPD is warranted
as the two diseases often coexist.

Tuberculosis is an important differential diagnosis in high-prevalence countries and
a chest radiograph is important. Obstructive bronchiolitis is seen much less frequently
than COPD, is more frequent in younger patients and is often associated with rheu-
matoid arthritis or extensive fume exposure but smoking may be causative as well. An
HRCT scan, preferably with expiration scans, is needed. Diffuse panbronchiolitis is
rare and not smoking-related; HRCT is needed for diagnosis.

When differential diagnoses have been excluded, a post-bronchodilator FEV /FVC
ratio <0.7 confirms the diagnosis of COPD. Again, caution is required when using this
fixed cut-off value. The normal value for the FEV ,/FVC ratio is age-dependent and
whereas a ratio <0.7 is clearly abnormal in a 40-year old it is close to the expected
value for an 80-year old. Thus, COPD is likely to be under-diagnosed in younger
adults and “over-diagnosed” in the elderly; whether this is truly over-diagnosis or
actually abnormality associated with excess risk (like arterial hypertension associated
with age) is currently unknown. If spirometry is requested on the basis of breathless-
ness this dilemma is usually trivial. However, an increasing number of more affluent
patients are being diagnosed in health programmes or as a result of screening and have
no symptoms. In this case, liberal use of the diagnostic label of COPD is unlikely to
be very helpful in those with borderline abnormal spirometry.

Once a diagnosis of COPD is established it is recommended that staging takes place.
According to guidelines, classification of the severity of the disease is based on FEV,
expressed in per cent of predicted value as shown in Table 2.3. In addition to problems
arising from the use of different reference values, or lack of locally derived reference
values in certain ethnic population groups, it is well-known that composite scores
including lung function, symptoms, body weight and exercise tolerance have better

Table 2.3 Severity grading of chronic obstructive pulmonary disease (COPD)
according to GOLD [1].

Stage I: Mild
FEV,/FVC<0.70 FEV,>80% predicted
Stage II: Moderate
FEV,/FVC<0.70 50%<FEV,<80% predicted
Stage I1I: Severe
FEV,/FVC<0.70 30%<FEV,<50% predicted
Stage IV: Very severe
FEV /FVC<0.70 FEV,<30% predicted or FEV, <50% predicted

plus chronic respiratory failure
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predictive value than FEV, alone; a good example of such a score is the BODE index [6].
If such a score is not used in its suggested form, several of the variables should never-
theless be registered, see later.

Symptoms in COPD

The most common symptoms seen in COPD are breathlessness, cough and fatigue.
There is no good correlation between lung function and symptoms of COPD, not even
the standardized scoring of breathlessness correlates well with FEV,; the important
message being that a simple physiological measure can never substitute a symptom
history.

Breathlessness

Breathlessness is the most significant symptom in COPD and it is associated with
significant disability, poor quality-of-life and poor prognosis.

Although the degree of breathlessness in a single patient can be difficult to under-
stand — let alone explain, properly — we understand a lot about the mechanisms
underlying the sensation of breathlessness in COPD [7]. Breathlessness is defined as
an awareness of increased or inappropriate respiratory effort and is assumed to relate
to an awareness of the motor command to breathe. The terms used to describe breath-
lessness may vary with the stimulus used to provoke it and despite the increased time
for expiration many COPD patients describe the sensation of breathlessness as one
of inspiratory difficulty [8]. The intensity of breathlessness is best related to changes
in end-expiratory lung volumes during exercise and this fact probably explains the
need to look at changes in measurements other than FEV | and FVC for characterizing
COPD patients’ disability or for assessing effects of treatment. For this purpose, meas-
urements of inspiratory capacity (IC) may be better suited (see Chap. 3).

In early stages of COPD, patients often modify their behaviour in order to cope with
the sensation of breathlessness. Patients avoid climbing stairs, get help with cleaning and
shopping, and to the author it has always been a mystery how otherwise well-functioning
subjects can ascribe increasing breathlessness associated with ordinary tasks as being
merely the results of “age.” However, with increasing severity of COPD, breathlessness
becomes an unavoidable symptom and in severe and very severe COPD there is rarely any
time when patients are asymptomatic. In very severe COPD, the patient is usually breath-
less on minimal exertion but due to the poor correlation between FEV | and breathlessness
some patients may have surprisingly high levels of activity, even in late-stage COPD.

The degree of breathlessness can be measured using a number of different scales
and questionnaires. The simple MRC dyspnoea scale [9] is a useful tool but as it was
originally developed for assessing breathlessness in epidemiological surveys in the
workplace, it is relatively insensitive to changes. However, a slightly modified version
of the MRC Questionnaire, as shown in Table 2.4, has been translated into numerous
languages, is easy and quick to use and it relates well to measures of health status and
has additional predictive value to that of FEV, when it comes to predicting resource
utilization and mortality [10].

The baseline and transitional dyspnoea indices of Mahler et al. [11] are much more
specific and more susceptible to change but in addition they are much more time-
consuming to use for clinicians; its main role lies in evaluating interventions with a
supposed effect on breathlessness. The Borg category scale, as shown in Table 2.5, is
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Table 2.4 The Medical Research Council dyspnoea scale (Modified).

Grade Description

0 Not troubled with breathlessness except with strenuous exercise

1 Troubled by shortness of breath when hurrying or walking up a slight hill

2 Walks slower than people of the same age due to breathlessness or has to stop for

breath when walking at own pace on the level
3 Stops for breath after walking 100 m or after a few minutes on the level
Too breathless to leave the house or breathless when dressing or undressing

Table 2.5 The Borg scale.

0 Nothing at all

0.5 Very, very slight (just noticeable)
1 Very slight

2 Slight (light)

3 Moderate

4 Somewhat severe

5 Severe (heavy)

6
7 Very severe
8
9
10 Very, very severe (almost maximal)
Maximal
COPD
Breathlessness Social isolation
Immobilization
Deconditioning Depression

Fig. 2.1. The impact of breathlessness in chronic obstructive pulmonary disease (COPD)

often used in the exercise laboratory as it measures short-term changes in perceived
intensity during a particular task, e.g., during shuttle walk testing. It is simple and easy
to explain. As an alternative, visual analogue scales can be used; however, like the
Borg scale, this approach is for use in task-specific situations and cannot be used for
assessing the degree of breathlessness associated with usual daily tasks.

Although there is an increasing focus on systemic manifestations of COPD (see later),
breathlessness is a major cause of deconditioning and subsequent muscle wasting in
COPD. This has profound effects on the life of COPD patients as illustrated in Fig. 2.1.
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Cough and Sputum Production

Cough is a respiratory defence mechanism protecting the airways and cough is the
major method of clearing excess mucus production [12]. In COPD patients, cough as
a symptom is almost as common as breathlessness and may actually precede the onset
of breathlessness [8]. Cough is usually worse in the morning but seldom disturbs the
patient’s sleep; it can, nevertheless, be disabling because of the embarrassment felt
by many patients when they have bursts of productive cough on social occasions and
may contribute to the isolation often imposed on patients due to breathlessness (see
Fig. 2.1). The actual role of cough and phlegm on the natural history of COPD has
been debated for decades. Currently, most epidemiological studies seem to show that
the symptoms of chronic bronchitis do not increase the risk of developing COPD in
smokers with normal lung function [13]. However, the presence of these same symp-
toms in patients with severe and very severe COPD predict both a more rapid decline
in lung function and more frequent acute exacerbations of COPD [14, 15].

In patients with more severe COPD, cough syncopy is frequent. It arises from the
acute increase in intrathoracic pressure during cough, producing a transient reduction
in venous return and cardiac output. A similar mechanism is thought to be the explanation
for cough fractures.

Cough is difficult to measure. Questionnaires exist but their validity is questionable
and devices for direct measurement of cough are still in the development stage.

Wheezing

Wheezing is generally seen as an asthma symptom but frequently occurs in COPD as
well. However, nocturnal wheeze is uncommon in COPD and suggests the presence of
asthma and/or heart failure [2, 3].

Fatigue

Fatigue is frequently reported by COPD patients. It is a ubiquitous and multifactorial
symptom not to be confused with simple physical exhaustion due to breathlessness but
is more an awareness of a decreased capacity for physical and mental activity due to
lack of resources needed to perform the activity in question. Fatigue has been identi-
fied as a serious consequence in a number of chronic conditions and will undoubtedly
be a focus of attention in the future characterization of COPD. No standardized meas-
urement scales for fatigue in COPD exist.

Other Symptoms

Chest pain is a common complaint in COPD, mostly secondary to muscle pain.
However, it should be noted that ischaemic heart disease is frequent in any population
of heavy smokers and COPD patients may be at particular risk. Acid reflux occurrence
is also frequent in COPD.

Ankle swelling may result from immobility secondary to breathlessness or as a result
of right heart failure. Anorexia and weight loss often occur as the disease advances and
should be mirrored by measurements of body mass index (BMI) and body composition
(see later). Psychiatric morbidity is high in COPD, reflecting the social isolation, the
neurological effects of hypoxaemia and possibly the effects of systemic inflammation;
this is described in more detail in Chap. 17. Sleep quality is impaired in advanced
disease [16] and this may contribute to neuropsychiatric comorbidity.
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Assessment of the Patient Suspected of COPD

History

An accurate history, not least for the purpose of excluding differential diagnoses,
should include family history of heart and lung diseases, childhood diseases (atopic
and infectious), environment in which the subject grew up including exposures to
fumes gas and dust, education and occupational experiences.

Most patients are, or have been, smokers with cigarette smoking dominating.
Depending on the environment, patients may underestimate their tobacco use when
confronted with questions on life-time smoking habits. Calculation of pack-years of
smoking provides a useful estimate of smoking intensity (1 pack-year is equivalent to
20 cigarettes smoked per day for 1 year — or ten cigarettes smoked per day for 2 years)
but additional information is needed on debut of smoking and inhalation habits.
Objective verification of smoking status can be helpful and is often used in smoking
cessation programmes, most often using exhaled breath carbon monoxide or urinary
nicotine measurement.

Occupational exposures to organic dust and fumes contribute to the accelerated
decline in the lung function characteristic of COPD [4, 5]. The evidence for outdoor
as well as indoor pollution is much weaker except for areas where indoor burning of
biomass fuel has lead to more extensive exposure.

Finally, a social history is needed in most COPD patients. Often the carer for the
patient will have the same age and possibly other chronic diseases and the need for
social support may depend on this. Also, the smoking habits of the family may deter-
mine the outcome of smoking cessation intervention.

Physical Signs

Not surprisingly, it is difficult to come up with standardized guidance for a disease that
spans from almost normal health to terminal disease. The physical signs in patients
with COPD will invariably depend on the severity of disease. A physical examination
will in general be a poor tool for detecting mild or moderate COPD, and the repro-
ducibility of physical signs have been shown to be very variable. In contrast, physical
signs are more specific and sensitive for severe COPD.

Patients with mild and moderate disease appear normal in clinic and usually have
done little to reduce their normal daily activities. Patients with severe COPD, and
indeed very severe COPD, will appear breathless just from entering the clinic room,
and even a short history will often be sufficient to realize that they are distressed.
These patients will often appear to have a “barrel chest.” This used to be ascribed to
emphysema, but more likely it represents the visible component of hyperinflation,
where patients, in order to meet the ventilatory demands, increase their end-expiratory
lung volume. Patients will often sit leaning forward with their arms resting on a table in
front of them or on some other stationary object in order to use the ribcage and larger
muscles to function as inspiratory muscles. Often, these patients often use pursed-lips
breathing, presumably to avoid small airways collapse during tidal breathing.

The general stature of the patients should be observed. Weight loss, especially
when there is clear muscle atrophy, can be a sign of severe disease, emphysema-
tous-type COPD and likely a systemic effect of COPD, possibly due to systemic
inflammation.

The patient’s breathing should also be observed. Use of accessory muscles indicates
severe disease. Percussion of the chest is of little, if any, use in patients with COPD.
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A tympanic percussion note is not specific for pulmonary hyperinflation and it is dubious
if clinicians can use percussion for estimation of diaphragmatic motion.

On auscultation, patients with COPD generally have a noisy chest although patients
with significant emphysema in a stable state can have remarkably few chest sounds.
Although significant research has been carried out on chest sounds, it is unclear to this
author if it should have any impact on the daily management of patients with COPD
where the value of auscultation is generally limited — except in cases where comorbidi-
ties or complications may be detected this way; e.g., as unilateral wheeze in cases of
endobronchial tumour, or decreased chest sounds on one side due to pneumothorax.
Auscultation of the heart is an essential part in the physical examination of COPD
patients. Severe COPD is associated with tachycardia at rest and with increasing
severity of disease the risk of atrial fibrillation increases. Ventricular gallop rhythm,
increases in the pulmonary second heart sound and murmurs of pulmonary or tricuspid
insufficiency can all be signs of cor pulmonale.

A raised JVP, hepatomegaly and peripheral oedema have all been considered as
signs of pulmonary hypertension and cor pulmonale. However, these signs are not
specific for cor pulmonale as a raised JVP may result from increased intrathoracic
pressure secondary to dynamic hyperinflation and hepatomegaly may be illusive due
to downward displacement of the liver by the diaphragm in the hyperinflated chest.
Finally, peripheral oedema can be the result of both altered renal function as a result
of hypoxaemia and the result of simple inactivity.

Body Habitus

Weight, or rather BMI, has been shown to be a very strong predictor of prognosis with
rapidly increasing risk of dying when BMI falls, even within the normal range [17, 18].
Some studies indicate that measures of fat-free mass can add further information [19];
the easiest and cheapest way of measuring body composition is by using measure-
ments of body impedance. Measures of skin-fold thickness or mid-thigh diameter may
also be useful but currently these methodologies have not been validated to the extent
of body impedance. A BMI <20 kg/m? will denote a subject at risk as will a fat-free
mass index <15 kg/m? in women and <17 kg/m? in men.

Lung Function Tests

The role of lung function tests COPD is crucial for diagnosis, assessment of severity,
prognosis and for monitoring the course of the disease. The physiologic assessment of
the COPD patient is described in detail in Chap. 3.

Arterial Blood Gases

In stable state, there is a general relationship between reductions in FEV, and arte-
rial oxygen tension (P O,), whereas arterial carbon dioxide tension (P,CO,) usually
remains within the normal range until FEV, falls below 1.0-1.2 1 (<30% of predicted)
and even then large variations are found. Measurement of arterial blood gases with
the patient breathing room air is recommended for assessing patients with moderate
or severe COPD. Often, a practical approach is to initially measure arterial oxygen
saturation (SatO,) by means of pulse oximetry. If SatO, is <92%, arterial gases should
be measured.
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Exercise Testing

Exercise capacity can be assessed in different ways, but outside the physiology labo-
ratorium; either a 6 min walk test or incremental shuttle walk testing is used. The cor-
relation between lung function and exercise capacity is poor in the individual patient
but in groups there are clear correlations, particularly with measures that reflect hyper-
inflation such as IC. As mentioned earlier, breathlessness during exercise can be meas-
ured easily using either a Borg scale (Table 2.5) or a visual analogue scale. During
exercise, the severity of breathlessness is closely related to ventilation and to the severity
of dynamic hyperinflation. Many, but not all, patients will desaturate during exercise and
the extent of arterial desaturation is related to both TL_, and resting blood gases.
Assessing exercise capacity is of particular value in patients whose breathlessness
appears to be out of proportion to simple spirometric measures; it can also provide infor-
mation of value for assessing cardiac disease through aligning the exercise test with a
cardiac exercise test used for assessing ischaemic heart disease. Exercise testing is also
usually done before and after pulmonary rehabilitation and is increasingly being used to
assess the value of other interventions, including pharmacological treatments, see Chap. 3.
In parallel with exercise testing, tests of muscle strength may be applied. Simple meas-
ures, e.g., quadriceps muscle strength, have been shown to be of value in COPD [20].

Blood Tests

Blood tests are often of little use in COPD but can be used for identifying polycythaemia
in patients with severe COPD as this is associated with risk of subsequent vascular
events, and there is some evidence to suggest that venesection may improve exercise
tolerance as well as mental capacity. As in other chronic diseases, anaemia can occur
as a systemic consequence and is generally a marker of poor prognosis; anaemia
associated with COPD is usually normochromic and normocytic, characteristic of the
anaemia of chronic disease. There is no indication for assessing blood biochemistry
routinely in COPD patients and although there is a growing research interest in markers
of systemic inflammation in COPD, data so far available are difficult to implement in
clinical practice.

a,-Antitrypsin levels should be measured in all patients aged <50 years, and in those
with a family history of emphysema at an early age.

Radiology

There are no specific features of COPD on a plain chest radiograph. A radiologi-
cal diagnosis of “emphysema” on a plain chest radiograph is usually based on lung
overinflation and should be reported as such. Overinflation of the lungs results in low
diaphragms, an increase in the retrosternal airspace and an obtuse costophrenic angle
on the postero-anterior or lateral chest radiograph. The vascular changes associated
with emphysema can often be seen on a plain chest radiograph by a reduction in the
size and number of pulmonary vessels, particularly at the periphery of the lung, vessel
distortion and areas of transradiancy; however, assessment of vascular loss in emphy-
sema is very dependent on the quality of the radiograph.

Computed tomography (CT) can be used for the detection and quantification of
emphysema, either using semiquantitative visual assessment of low-density areas on
the CT scan or by using measures of lung density to quantify areas of low x-ray attenu-
ation. Several studies have shown that visual evaluation of the CT scan can locate areas
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of macroscopic emphysema in post mortem or resected lungs. The use of HRCT with
thin slices does not improve the detection of mild emphysema; however, HRCT can be
used to distinguish between the various types of emphysema.

More quantitative approaches to assessing macroscopic emphysema have been
employed [21, 22]. They use the original virtue of the CT-scanner as a densitometer.
As emphysema develops, alveolar wall mass decreases and this leads to a decreased
CT lung density. Initial experiences suggest that this can be used to measure progression
of emphysema, although the radiation involved precludes its use as a frequent measure
of disease progression.

Magnetic resonance (MR) scanning using hyperpolarised gases such as Helium is
still in its pioneering phase.

Electrocardiography and Echocardiography

Routine electrocardiography is not required in the assessment of patients with COPD
unless cardiac comorbidities are suspected, including atrial fibrillation. ECG is an
insensitive technique in the diagnosis of cor pulmonale.

Echocardiography can be used to assess the right ventricle and for the detection of
pulmonary hypertension. In addition, it provides an opportunity to check for cardiac
comorbidity, particularly in patients with breathlessness out of proportion to the findings
on general examination and from pulmonary function testing.

Assessment of the Patient with Acute Exacerbation of COPD

This issue is dealt with in detail in Chap. 12 and has been reviewed recently [23].

Summary

COPD should be suspected in any patient aged 40 years or more with symptoms
of cough, sputum production, or breathlessness and/or a history of exposure to risk
factors, in particular smoking. Spirometry is needed for both diagnosis and staging,
although other parameters such as breathlessness, exercise tolerance and body mass
and/or body composition should be included in the staging procedure.

In the assessment of patients suspected of COPD, several differential diagnoses
should be considered. Assessment can usually be done using fairly simple clinical
tools, although advanced imaging seems to be a promising tool for the near future.
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Physiologic Assessment of COPD

Justin Travers, Pierantonio Laveneziana,
and Denis E. O’Donnell

Key Points:

The pattern of pathophysiological abnormality in COPD is heterogeneous, highly
variable, and unique to each individual.

The standard criterion for a COPD diagnosis is a FEV,/FVC ratio of less than 0.7
after the administration of a bronchodilator; however, alternative criteria have been
recently proposed.

The FEV, does not provide information about the extent of expiratory flow limitation
(EFL) or dynamic lung hyperinflation (DH) and correlates poorly with measures of
disability such as dyspnoea, health status, and exercise capacity.

The presence of EFL can be detected by comparing tidal and maximal flow-volume
loops, by the negative expiratory pressure technique, by manual compression of the
abdomen, by the forced oscillation technique or by invasively using an esophageal
balloon catheter.

The inspiratory capacity (IC) is a simple measure of DH which correlates better
with symptoms and exercise performance than the FEV,.

Exercise testing provides information about functional capacity and prognosis not
available from resting pulmonary function testing.

Six-minute walk and shuttle walk tests are simple to perform and useful tests of func-
tional disability; however, the formal laboratory cardiopulmonary exercise test (CPET)
has several advantages including the ability to assess DH and EFL during exercise.
Currently the high-intensity exercise endurance protocol appears to be the most responsive
exercise test for the evaluation of the efficacy of therapeutic interventions in COPD.
There is interest in developing a composite score to accurately reflect COPD severity
that incorporates several dimensions of the disease.

Keywords Dynamic lung hyperinflation « dyspnoea e expiratory flow limitation
« inspiratory capacity

Introduction

COPD is an inflammatory disease involving the small and large airways, the lung
parenchyma, and its vasculature. The pattern of pathophysiological abnormality is
heterogeneous, highly variable, and unique to each individual. No single measurement
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adequately characterizes the full extent of the physiological impairment in any given
patient. However, by using a variety of validated tests we are now in a position to uncover
the pathophysiological diversity in individual patients with COPD with a fair degree
of precision. The purpose of this review is to evaluate the clinical utility of the various
physiological tests conducted during both rest and exercise for the diagnosis and modern
management of COPD.

Making the Diagnosis

COPD is a heterogeneous disorder with the consistent feature of airflow obstruction
that is not fully reversible [1]. The presence of airflow obstruction cannot be reliably
determined from clinical history, physical examination, and radiologic imaging [2, 3];
so, pulmonary function testing is essential for diagnosis [1, 4]. The hallmark of airflow
obstruction is a reduced ratio of the forced expiratory volume in 1 s (FEV)) to the
forced vital capacity (FVC). The FEV | is preferred over other measures of expiratory
air flow such as the peak expiratory flow rate (PEFR) or values calculated from the
flow volume loop as it is less effort dependent and more reproducible [5].

The criterion for a diagnosis of COPD used by the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) is a FEV /FVC ratio of less than 0.7 after the
administration of a bronchodilator [1]. There is however a significant overlap between
the FEV,/FVC ratios of individuals with COPD and those of healthy individuals and
the choice of 0.7 as a cut-off is somewhat arbitrary. For example, the FEV /FVC ratio
declines with age, so COPD may be misdiagnosed in a proportion of healthy older
adults [6]. By contrast, some individuals with advanced COPD may have a normal
ratio, although in this case the FEV and FVC are both reduced [4].

The forced expiratory maneuver in COPD is often incomplete. The expiratory
time required to completely empty the lungs in severe COPD is often markedly pro-
longed reflecting the slow time constant for lung emptying of many alveolar units.
Moreover dynamic airway compression during maximal expiration may cause respi-
ratory discomfort forcing the patient to stop before standard end-of-test criteria are
met. When this occurs the FVC underestimates vital capacity (VC) to an uncertain
degree. To counter this uncertainty, the forced expiratory volume in 6 s (FEV ) [7]
has been proposed to be used in place of the FVC with appropriate adjustment of
the reference ranges [8]. The FEV could be an easier test for patients to perform
[9], however, it may slightly reduce the sensitivity of spirometry in detecting airflow
obstruction, especially in older individuals and those with mild COPD [10]. For
diagnostic purposes, a FEV /FEV  ratio of 0.73 has been proposed as the equivalent
of the standard FEV /FVC ratio of 0.7 [8]. Further studies to determine the appro-
priate cut points for the diagnosis of COPD are required before the FEV can be
recommended in place of the FVC for the diagnosis of COPD.

An alternative approach to the problem of FVC variability is to use the (slow) vital
capacity (VC) as the denominator for the ratio [4]. This gives a more accurate measure
of vital capacity but requires an additional measurement to be made and so may not be
practical for mass screening.

An alternative to the current GOLD criteria for the diagnosis of airflow obstruction
that may reduce the potential for overdiagnosis of older individuals is to define airflow
obstruction as a FEV /FVC ratio below the lower limit of predicted normal (LLN)
adjusted for age, gender, and height [4]. Although, by this definition, 5% of the appar-
ently healthy population will be diagnosed as having COPD, this approach probably
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identifies fewer subjects as having COPD than the use of a fixed FEV,/FVC ratio.
A LLN-based approach can also be used with the FEV or the VC as the denomina-
tor in the ratio. In principle, all programmable spirometers could calculate the LLN if
suitable reference equations were available. However, appropriate reference equations
with post-bronchodilator spirometry in a variety of age groups are not available for
many populations. While the merits of the various diagnostic criteria continue to be
debated, the majority of patients with COPD will be accurately identified regardless of
the method chosen.

Many studies have evaluated the practicalities of screening at-risk individuals
for COPD in a community or primary care setting [11-13]. Although concerns
have been raised about the accuracy of spirometry in this setting and post-
bronchodilator measurements may not be available, screening is able to find
cases at a relatively low cost. The value of finding cases has been questioned as
the diagnostic label does not appreciably increase smoking cessation rates [14].
Symptomatic individuals however may be offered effective treatment and educa-
tion, interventions that, unlike smoking cessation, may not alter the rate of FEV,
decline but have significant impact on morbidity. In a recent study, around 50% of
individuals diagnosed with COPD through screening received new treatment as a
result of the diagnosis [15].

Evaluation of Disease Severity

An ideal measure of COPD severity would reflect impairment in the domains of morbid-
ity, activity limitation, and participation restriction. The FEV, provides some informa-
tion on severity of airway obstruction and has for many years been used as a measure of
COPD severity but relates poorly to these domains.

Measurement of Airway Function

The most studied and validated measure of expiratory airflow is the FEV . This simple
measurement provides a reproducible and relatively effort-independent measure of the
degree of airways narrowing during expiration. The GOLD classification of COPD
severity is based on FEV in combination with the presence or absence of respiratory
failure [1]. Arbitrary FEV, post-bronchodilator predicted values of >80%, 50-80%,
30-50%, and <30% define the boundaries of mild, moderate, severe, and very severe
COPD, respectively. In COPD, however, the FEV | is prone to measurement artifacts
related to volume history and gas compression. The FEV, gives no information about
the extent of expiratory flow limitation or dynamic lung hyperinflation and corre-
lates poorly with measures of disability such as dyspnoea, health status, and exercise
capacity [16-22]. This poor statistical correlation is borne out of clinical observation
where patients with the same measured FEV | (expressed as a percentage of predicted)
may vary greatly in their level of disability; patients may deteriorate clinically, either
acutely (e.g., during exacerbations) or chronically, while preserving spirometric FEV .
Moreover, patients may achieve considerable improvements in symptoms and exercise
endurance as a result of interventions such as bronchodilators, oxygen therapy, or
exercise training, with little or no change in the FEV, [23-25]. FEV, expressed as a
percent of predicted has been shown to predict mortality in COPD [26-28].

The pathophysiologic hallmark of COPD is the development of expiratory flow
limitation (EFL). EFL is said to be present when the expiratory flows generated during
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spontaneous tidal breathing represent the maximal possible flow rates that can be gen-
erated at that operating lung volume [29]. Under conditions of EFL, expiratory flow
rates are independent of expiratory muscle effort and are determined by the static lung
recoil pressure and the resistance of the airways upstream from the flow-limiting seg-
ment [29, 30]. The presence of EFL at rest (or during exercise) is an attractive alterna-
tive to the FEV in assessing COPD severity as EFL shows a stronger correlation with
dyspnoea than FEV [31].

Measurement of EFL is not currently as straightforward as measurement of FEV .
The presence of EFL can be suspected by comparing tidal and maximal flow-volume
loops. If the tidal loop extends to, or beyond, the maximal loop, EFL may be present
[32, 33] (Fig. 3.1). Unfortunately, this comparison is not always reliable [34]. The
presence or absence of EFL may be measured by the negative expiratory pressure
technique (NEP) [35], manual compression of the abdomen [36] or invasively by
using an esophageal balloon catheter [37]. The forced oscillation technique (FOT)
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Fig. 3.1. (a) Maximal and tidal flow-volume loops in a healthy subject and in a patient with
COPD. The patient exhibits markedly reduced FEV |, expiratory flow limitation and lung hyper-
inflation, i.e., reduced IC. (b) Lung volume compartments in the same patient. Note the marked
lung hyperinflation, with reduced IC compared with normal. See text for abbreviations (With
permission from Reference [152])
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shows promise as a noninvasive tool to detect EFL [38]. Although requiring further
validation, multiple breaths can be measured over time allowing EFL to be continu-
ously monitored using the FOT. Several other measures of expiratory air flow can be
derived from analysis of the flow-volume loop. These measures include the maximal
mid-expiratory flow (FEF,; ... ) and the forced expiratory flow at 25%, 50%, or 75%
of FVC. Interpretation of these tests can be difficult as they are less reproducible than
the FEV, and the normal range is wider. The maximal mid-expiratory flow depends on
FVC, which varies with expiratory time in subjects with COPD. An abnormal result
has poor specificity for symptoms or mortality risk and the predictive value of these
measures is unlikely to be as good as the FEV, [39].

Another measure is the peak expiratory flow rate (PEFR) which can be measured
by the patient using a relatively inexpensive portable peak flow meter. The measured
value reflects patient effort (fullness of inhalation, expiratory muscle effort) as well as
airways resistance. In COPD, some of the PEFR may be produced by compression of
the central airways from positive intrathoracic pressure rather than from air flow past
the flow-limiting segments of the bronchial tree. The PEFR correlates with mortality
in COPD, and retains prognostic value after adjustment for FEV, [40]. This may be
because it is a measure of a patient’s vigor as well as of pulmonary function.

Measures of airways resistance derived at plethysmography or using FOT correlate
less well with relevant patient outcomes than other measures.

Measurement of Lung Hyperinflation

The relaxation volume of the respiratory system is dictated by the balance of forces
between the inward elastic recoil pressure of the lung and the outward recoil pressure of
chest wall. In COPD, static lung hyperinflation refers to the increase in functional resid-
ual capacity (FRC) above the predicted normal value (Fig. 3.1) and is primarily due to
emphysema, which increases lung compliance. In the presence of EFL, end-expiratory
lung volume (EELV) is also dynamically determined and varies with the time constant
for emptying of the respiratory system, the inspired tidal volume, and the expiratory
time available [41]. Dynamic lung hyperinflation (DH) refers to an increase in EELV
above the statically determined value. In flow-limited patients, EELV is a continuous
dynamic variable that depends on the prevailing level of EFL and breathing pattern.

The assessment of lung volumes is relevant to COPD severity as lung hyperinflation,
which commonly accompanies EFL in COPD patients, results in negative mechanical
and sensory consequences and contributes importantly to dyspnoea and activity limita-
tion [42—-46]. Assessment of absolute lung volumes is however more difficult in COPD
patients than in other groups. Gas dilution methods will underestimate FRC as they do
not measure the volume of trapped gas or bullae. Plethysmography is generally more
accurate; however, it may overestimate intra-thoracic gas volume (ITGV) by about
60 mL in patients with COPD in addition to the overestimation arising from patients
using a panting frequency over 60 breaths/min, hiatal hernias, and other sources of
intrathoracic gas [47-49]. Plethysmography relies on adding inspiratory capacity (IC)
to ITGV to give total lung capacity (TLC); however, IC depends on the degree of DH.
In subjects with severe COPD, exertion prior to plethysmography can cause further
DH which will result in an underestimation of IC and TLC unless the technician waits
for the DH to settle to resting levels prior to testing.

A simpler measure is the IC which can be measured at spirometry in a primary care
setting and does not require determination of absolute lung volumes. A reduced resting
IC can indicate the presence of lung hyperinflation in the setting of EFL [50]. The IC
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represents the operating limits for tidal volume expansion during the exercise and
correlates well with symptoms and exercise performance [23, 46, 51, 52] more so than
the FEV,. Moreover, a severely reduced IC/TLC ratio (i.e., <25%) has recently been
shown to be an independent predictor of poor survival in COPD [53]. Improvements
in IC during recovery from an acute exacerbation of COPD mirror the improvement
in dyspnoea even though FEV, changes little [43]. However, if TLC and FRC rise in
parallel, the IC may be unaltered despite significant lung hyperinflation [23, 54-56].
In this case, absolute lung volumes should be measured. Despite this limitation, the IC
provides useful complementary information to that of the FEV, regarding the nature
and degree of respiratory impairment in individuals with COPD.

Lung hyperinflation can also be detected by a variety of radiographic techniques
[57-61]. The methodology for radiographic lung volume measurement (taken at
TLC) is not standardized and is rarely used in clinical practice. Future refinements in
high-resolution computed tomography scanning promise to facilitate identification of
regional distribution patterns of air space distention and lung volume quantification in
COPD patients.

No standardized stratification system currently exists for assessment of severity of
resting lung hyperinflation. We recommend specifying the volume measured, TLC,
EELYV, or residual volume (RV), and the value as a percent of predicted normal. Values
above 120% of predicted normal or values that exceed the upper limit of predicted
normal are considered abnormal.

Measurement of Gas Transfer

Another dimension of COPD is the degree of pulmonary alveolar and vascular destruc-
tion caused by the pathologic process of emphysema. While this process leads to loss
of pulmonary elastic recoil and parenchymal support for collapsible airways resulting
in EFL and to static hyperinflation, it also adversely affects gas exchange due to reduc-
tion in alveolar surface area, reduction in the number of pulmonary capillary beds, and
increased ventilation-perfusion mismatching. These factors result in a reduction in the
diffusing capacity of the lung for carbon monoxide (DL_,). A reduced DL, in the pres-
ence of airflow obstruction and the absence of a restrictive pattern suggests emphysema
[4, 62, 63] whereas a normal or elevated DL, in the presence of airflow obstruction
and the absence of a restrictive pattern suggests an alternate COPD phenotype such as
asthma, pure chronic bronchitis, or pure small airways disease. Relevant to many COPD
patients, the DL, may be underestimated by up to 5% in smokers due to an increased
partial pressure of carbon monoxide in the blood reducing the gradient for the diffusion
of carbon monoxide [64]. A low DL is predictive of oxyhemoglobin desaturation
during exercise [65, 66], presumably because oxygen uptake is limited by the rate of
gas transfer in the setting of the reduced pulmonary capillary transit time of exercise.
A low DL, is associated with a greater severity of baseline dyspnoea and explains a
large proportion of the variability in the severity of baseline dyspnoea between COPD
patients [67]. A low DL is also associated with a greater degree of DH and dyspnoea
during exercise among patients with a similar FEV [46].

Testing Airway Reversibility

The FEV | is the best-studied measurement used to evaluate airway reversibility with
bronchodilators. Standard reversibility testing measures the short-term change in
FEV, following administration of a bronchodilator, usually 400 mcg of salbutamol
via a spacer device. An increase in FEV, and/or FVC by 12% and 200 mL compared
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with baseline is likely to indicate airways reversibility rather than random variation
of the measurement [4]; however, the use of these criteria to define reversibility is
arbitrary as no evidence-based definition of reversibility currently exists. The mag-
nitude of bronchodilator response in any given patient will vary with time and will
depend on the type and dosage of bronchodilator used [68]. The majority of COPD
patients will show positive bronchodilator reversibility at some stage [69, 70]. The
change in FEV, immediately following bronchodilator therapy is poorly predictive of
longer-term improvements in symptoms and exercise endurance [23, 71, 72]. A single
spirometric assessment will not reliably predict the long-term spirometric response
to treatment [70, 73, 74]. FEV, and FVC (or IC) bronchodilator responses can occur
independent of each other [75, 76]. Patients with resting EFL and/or severe lung
hyperinflation demonstrate the greatest lung volume response to bronchodilators
[50, 55, 56, 75-78].

Bronchodilator therapy does not necessarily abolish resting EFL, especially in more
severe diseases, but changes the conditions under which it occurs [50]. An alternative
way to assess the bronchodilator response is to measure maximal mid-expiratory flow
rates. This is theoretically attractive because tidal breathing usually occurs at these
mid-lung volumes; so, an improvement in FEF, ... should alleviate a constraint on
tidal breathing. At least two studies have assessed the utility of this measure with
disappointing results [79, 80]. The FVC changes post-bronchodilator and so the
post-bronchodilator FEF,; ... is not strictly comparable with the pre-bronchodilator
FEF,; ., Itis possible to perform a volume correction (i.e., to account for bronchodi-
lator-induced lung deflation) of the FEF, ..., slope on the maximal flow volume curve.
When this is done, bronchodilators have been shown to consistently increase volume-
corrected FEF,; .. [77, 81]. A reduction in the RV and EELV following bronchodila-
tor provides indirect evidence of improved small airway function as a consequence of

reduced airway closure and correlates well with changes in the FEF,, ...

COPD Versus Asthma

The magnitude of bronchodilator response has been used as a criterion for dividing indi-
viduals with airflow obstruction into the diagnostic categories of asthma and COPD. The
value of this approach is uncertain. A very large bronchodilator response, for example,
an improvement in FEV | of greater than 400 mL, is suggestive of asthma [5]; however,
most individuals with airflow obstruction will show a smaller response. Here spirometry
cannot distinguish asthma with limited reversibility from COPD and indeed both condi-
tions may coexist. Marked diurnal peak flow variability or variability of other indices of
airflow obstruction over time is suggestive of asthma. A negative methacholine challenge
provides evidence against concomitant asthma. The decision to pursue asthma-related
management, such as allergen testing and avoidance, in subjects with COPD is primarily
based on the clinical history.

Airway reversibility may also be assessed by a trial of steroids but the utility of
this test is uncertain. An initial steroid response is unusual in the absence of an acute
bronchodilator response and does not predict a reduction in the long-term rate of FEV,
decline with inhaled steroids [82].

The changes in other pulmonary function tests following a bronchodilator have been
examined. Changes in the forced inspiratory volume in 1 s (FIV,) were more predica-
tive of symptomatic benefit from bronchodilator therapy than other measures in one
study [83]. The change in IC following bronchodilator (Fig. 3.2) is the most predictive
resting spirometric measure of exertional dyspnoea and exercise endurance [77].
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Fig. 3.2. In a typical patient with severe COPD, maximal expiratory flows increased from pla-
cebo (dashed lines) after a bronchodilator (solid lines) in association with a decrease in EELV,
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pared with placebo. Results for this patient are representative of those presented in the reviewed
clinical trials evaluating both short- and long-acting bronchodilators in moderate-to-severe
COPD (With permission from Reference [152])

The degree of bronchodilator reversibility of itself does not predict mortality in
COPD [68, 84]; it is the post-bronchodilator FEV, or the “ceiling” of pulmonary func-
tion that is predictive [84].

Evaluation of Exercise Performance

Traditional resting spirometric measurements are poorly predictive of the important
symptoms of exercise capacity and exertional dyspnoea in COPD patients [19, 85].
A direct assessment of exercise performance is therefore an important part of the
assessment of the functional severity of COPD. Measuring exercise capacity assesses
the ability of the individual to increase ventilation and cardiac output in response to the
demands of exercise as well as the degree of peripheral muscular conditioning, moti-
vation, and the intensity of exertional symptoms. Deficiencies in any of these factors
are associated with increased mortality in COPD; it is, therefore, not surprising that
exercise capacity is a good predictor of mortality [86].

Field Tests

Measurement of exercise capacity can be accomplished through field tests, activity
monitors, and cardiopulmonary exercise testing (CPET). Observation of the patient walking
along the corridor or climbing a flight of stairs provides useful qualitative information.
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The number of stairs climbed before stopping correlates well with peak oxygen uptake
(V’0,) [87]. Supervised timed walking distances, such as the 12-min walk test or the
more convenient 6-min walk test (6MWT) tests, have been used extensively as a measure
of functional disability [88], to prescribe an exercise program and to assess outcome fol-
lowing rehabilitation. Concurrent measurements of dyspnoea intensity using validated
scales enhance the value of this test. The 6 MW distance may be a better predictor
of mortality in COPD than FEV, [89]. There are some limitations of the utility of the
6MWT. The pace of walking and the power output are not controlled during the test;
so, the distance achieved is highly dependent on patient motivation. There is a learning
effect and so two familiarization tests should be conducted prior to performing a baseline
test [90] and care must be taken to standardize the instruction and encouragement of the
patient [91]. Test reproducibility is relatively poor [92]. It is difficult to obtain metabolic
data during a standard hallway 6MWT; however, metabolic data may be readily obtained
if the test is modified for the treadmill [93]. The degree to which the 6MWT accurately
reflects functional disabilities during the activities of daily living in the home or in the
workplace is not known and needs further study. However, the 6 MWT is a simple, inex-
pensive test that provides a useful evaluation of functional disability in COPD.

Recently, shuttle walk tests have received increasing attention [94, 95]. The
incremental shuttle walk test is externally paced and requires an incremental
increase in walking speed each minute, to a point at which the test is terminated
because of breathlessness or the inability to sustain the required walking speed.
The endurance shuttle walk test is performed at a constant pace. There is evidence
that these tests are reliable and responsive to COPD interventions such as exercise
training, pulmonary rehabilitation, and the administration of supplemental oxygen
[96-99]. The endurance shuttle walking test may be more sensitive to detect the
effects of therapeutic intervention than the incremental shuttle walk test [98]. The
incremental shuttle walk test has the advantage that relationship between V’O, and
walking speed is close to linear so provides an accurate estimate of peak V'O, [95,
97, 100]. Like the 6MWT, it is unclear how shuttle walk test results translate into
everyday activities.

Cardiopulmonary Exercise Tests

Increasingly, functional exercise assessment is conducted in the setting of formal
CPET in the laboratory. This more rigorous approach to the measurement of the physi-
ological and perceptual responses to exercise has several advantages.

It provides an accurate assessment of the patient’s exercise capacity (i.e., peak V’O,).

It measures the perceptual responses to a quantifiable dyspneogenic stimulus (i.e.,
V’0,, ventilation, power output).

It provides insights into pathophysiological mechanisms of dyspnoea in a given patient
(e.g., excessive ventilation, dynamic hyperinflation, arterial oxygen desaturation).

It can identify other coexisting conditions that contribute to dyspnoea and exercise
limitation (i.e., cardiac disorders, intermittent claudication, musculoskeletal problems).

Standardized comparisons of perceptual responses to measurable dyspnoea-
provoking stimuli allow an accurate assessment of symptom responses to therapeutic
interventions.

Standard cardiopulmonary exercise testing measures the following physiological
responses: V’O,, carbon dioxide output (V’CO,), minute ventilation (V’p), breath-
ing pattern, arterial oxygen saturation, heart rate, oxygen pulse, and blood pressure
(Fig. 3.3). It is important to record the intensity of dyspnoea, leg discomfort, and other
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Fig. 3.3. Typical exercise responses in severe COPD (dotted lines indicate age-matched normal

responses established in our laboratory). See text for discussion and abbreviations. HR heart
rate, F respiratory frequency, VD dead space volume, PaO, arterial partial pressure of oxygen,

PaCO, arterial partial pressure of carbon dioxide (With permission from Reference [153])

symptoms during the test and the reason for stopping the test. Incremental and constant
load endurance testing, using cycle ergometry or treadmill, are used extensively and
these approaches have the potential to produce different, but complimentary, clinical

information. A cycle ergometer is preferred to a treadmill as it allows an accurate
measure of work and, in contrast to other forms of exercise testing is a low impact
exercise with less ventilatory demand than walking tests [101]. Peak V'O, measured

by a CPET shows a stronger correlation with mortality than FEV, [86].
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It has been argued that testing by cycle ergometry poorly mimics the activities of
daily living and, therefore, may not be relevant in assessing COPD patients. However,
the CPET, regardless of protocol, is able to define the physiologic limits of exercise
function for an individual. COPD patients will vary in the ways in which they adapt
daily activities to fit within these physiologic limits; however, these limits are clearly
relevant to daily life for symptomatic patients and for patients who avoid activities that
may result in dyspnoea. Knowledge of the V'O, or MET (metabolic rates based on
multiples of the resting V’O,) equivalents of various activities of daily living permits a
crude estimation of the patient’s functional capacity. Generally speaking, a peak V'O,
of <15 mL/kg/min in a patient with COPD represents severe functional disability.

An extension of the CPET is the measurement of DH during exercise. The amount
of DH on exercise cannot be reliably predicted from measurement of resting DH yet is
an important determinant of exercise dyspnoea and an important factor limiting exercise
capacity in COPD [23, 46, 102-105]. While DH may be a beneficial adaptation early in
exercise [105], at higher workloads, DH forces tidal breathing to occur at higher lung vol-
umes close to TLC where the respiratory system is less compliant (Fig. 3.4). As tidal vol-
ume (V) expands to reach a minimal inspiratory reserve volume (IRV) of approximately
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Fig. 3.4. Pressure—volume (P-V) relationships of the total respiratory system in health and
in COPD. Tidal pressure—volume curves during rest (filled area) and exercise (open area) are
shown. In COPD, because of resting and dynamic hyperinflation (a further increased EELV),
exercise tidal volume (V) encroaches on the upper, alinear extreme of the respiratory system’s
P-V curve where there is increased elastic loading. In COPD, the ability to further expand V., is
reduced, i.e., inspiratory reserve volume (/RV) is diminished. In contrast to health, the combined
recoil pressure of the lungs and chest wall in hyperinflated patients with COPD is inwardly
directed during both rest and exercise; this results in an inspiratory threshold load on the inspira-
tory muscles. EELV end-expiratory lung volume, EILV end-inspiratory lung volume, RV residual
volume, TLCtotal lung capacity (With permission from Reference [154])
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0.5 L below TLC, the inspiratory muscles become burdened with significant increases in
elastic and inspiratory threshold loading (Fig. 3.4). This leads to a dissociation between
effortand V. displacement and a sensation of unsatisfied inspiration or dyspnoea (Fig. 3.5)
[102, 105]. The consequences of DH are summarized in Table 3.1.

A variety of methods have been used to track changes in EELV and hence DH during
exercise in the context of a standardized exercise test, the simplest of which is intermit-
tent IC measurement (Fig. 3.6). IC measurements have been shown to be highly repro-
ducible during cycle exercise [55, 56]. EELV is calculated as TLC minus IC with the
assumptions that TLC does not change during exercise and that the patient is capable
of producing a maximal IC effort during exercise. There is good evidence that these
assumptions are valid provided the patient is motivated to make maximal inspiratory
efforts during the measurement and that they do not have critical inspiratory muscle
weakness [102, 106-110]. Other techniques, while more complicated, are able to track
absolute lung volumes during exercise and include volume dilution techniques, body
plethysmography adapted for exercise, and optoelectronic plethysmography [109, 111].

DH with exercise in patients with moderate to severe COPD averages about 0.4 L,
equivalent to a reduction in IC at peak exercise of 20% of the resting value [46, 55, 56];
however, there is a wide variation between individuals and patients with a more
emphysematous phenotype showing greater DH [46].
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Table 3.1 Negative effects of dynamic hyperinflation during exercise.

Increased elastic load of breathing/reduced dynamic compliance of respiratory system
Inspiratory threshold loading
Reduced tidal volume expansion leading to:

Tachypnea

Increased dead space to tidal volume ratio

Relative alveolar hypoventilation/elevated PaCO,

Greater exertional dyspnoea

Early ventilatory limitation to exercise

Reduced cardiovascular function

Normal CorD .
8 - 8 - predicted
rest
- - - exercise

TLC RV

Flow (L/s)

6 5 4 3 2 7 6 5 4 3
Volume (L) Volume (L)

Fig. 3.6. Comparison of maximal and tidal resting and exercise flow-volume loops in a patient
with COPD during exercise. Flow-volume loops showing the effects of exercise on tidal volume
in COPD and in age-matched health. The solid loops represent the outer maximal limits of flow
and volume and the inner resting tidal volumes. The larger dashed loops represent the increased
tidal volumes and flows seen with exercise. The dotted line on the left panel represents the IC
maneuver to TLC which is used to anchor tidal flow-volume loops within the respective maximal
loops. Healthy subjects are able to increase both their tidal volumes and inspiratory and expira-
tory flows. In COPD, expiratory flow is already maximal during resting ventilation; the pre-
dicted normal maximal expiratory loop is shown as a thin dotted line in the right panel. In order
to increase expiratory flow further, these patients must hyperinflate. See text for abbreviations
(With permission from reference)

The pattern of breathing becomes more shallow and rapid as DH progresses. In
moderate to severe COPD, there is a discernible “ceiling” during exercise when tidal
volume and IRV reach a plateau value and further increases in ventilation can only
be achieved by increasing respiratory rate (Figs. 3.3 and 3.5). The greater the resting
and dynamic hyperinflation, the lower the ventilation (and work rate) at which the
mechanical V, plateau is discernible [46] (Fig. 3.7). In extreme cases, the lack of abil-
ity to increase V. further in the setting of severe ventilation-perfusion abnormalities
may lead to alveolar hypoventilation and arterial oxygen desaturation [112]. In the
absence of EELV measurements during a CPET, the presence of exercise limiting DH
can be inferred from a plateau in V., expansion.

There is preliminary evidence that significant DH during exercise may be present
in patients with mild COPD [113, 114]. The clinical relevance of DH in mild COPD
is yet to be determined.
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Fig. 3.7. Example of ventilatory response to exercise in a patient with mild, moderate, severe, and very severe
COPD according to the Global Initiative for Chronic Obstructive Lung Disease 2006 (GOLD I, GOLD II, GOLD III,
and GOLD 1V, respectively). Dashed lines indicate age-matched normal response established in our laboratory.
Changes in operating lung volumes and breathing pattern are shown as ventilation increases with exercise. Note
that in COPD there is a discernible mechanical ceiling during exercise when inspiratory reserve volume and tidal
volume reach a plateau value and further increases in ventilation can only be achieved by increasing tachypnea.
Note also that the greater the resting and dynamic hyperinflation, the lower the ventilation at which the mechanical
tidal volume plateau is discernible

A further extension of CPET is the ability to compare the exercise tidal flow-volume
loop to the maximal resting loop (Fig. 3.6). This provides information about the pres-
ence and degree of EFL during exercise.

Testing for Complications of COPD

Evaluation of the complications of COPD forms an integral part of severity assessment.
Systemic catabolism manifested as weight loss is associated with poorer survival. This
can be approximated by measuring the body mass index (BMI). A value of <21 kg/m
[2] is associated with reduced survival [115, 116]. Tissue loss or more accurately
fat-free mass loss may be assessed by bioelectric impedance or by dual-energy X-ray
absorptiometry. A low fat-free mass is associated with dyspnoea, impaired exercise
performance, and health-related quality of life [117]. Peripheral muscle cross-sectional
area or maximum voluntary contraction strength may be a better predictor of mortality
than BMI or FEV, [118, 119].

Like the peripheral muscles, ventilatory muscles may be weak in COPD patients.
Ventilatory muscle strength can be assessed by the maximal inspiratory and expiratory
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mouth pressure tests or more accurately by esophageal pressure during a maximal sniff
maneuver using an esophageal balloon catheter.

Mild pulmonary hypertension, as a result of destruction of the pulmonary vascular
bed and chronic hypoxemia, is a common finding associated with advanced COPD.
Several smaller studies have shown significant pulmonary hypertension during exer-
cise in COPD. Elevated pulmonary artery pressures may be associated with reduced
survival [120] and higher rates of hospitalization with a COPD exacerbation [121].
Mean pulmonary artery pressures <30 mmHg are unlikely to be clinically important
unless respiratory failure is also present [1, 122].

Arterial blood gas analysis is useful as a measure of respiratory function in COPD.
Testing is indicated in patients with a resting oxyhemoglobin saturation <92% [123]
or with a FEV,<40% of predicted normal. The development of respiratory failure is
indicated by arterial tensions of oxygen <60 mmHg (some suggest <50 mmHg) with or
without carbon dioxide >50 mmHg (some suggest >45-50 mmHg) [1]. The presence
of respiratory failure moves a patient from severe to very severe in the GOLD classifi-
cation of severity [1]. Incipient respiratory failure may be detected by pulse oximetry
with oxyhemoglobin desaturation during weight-bearing exercise [65, 124].

Composite Scoring Systems of Severity

Reliance on a single index of COPD severity will misclassify many patients with this
heterogeneous disorder. Particularly in advanced disease, factors other than air flow
such as physical deconditioning and psychosocial function become more important
correlates of morbidity and mortality [125]. There has been great interest in developing
a composite score to accurately reflect COPD severity incorporating several dimen-
sions of the disease. A simple score is the BODE index which incorporates airway
function, exercise, body mass, and symptom dimensions [115]. This index is a better
predictor of subsequent survival than any individual component. The performance
of this and other composite scoring systems are being evaluated as measurements of
COPD severity and may in the future serve as a measure of therapeutic outcome in
clinical practice and in clinical trials.

Monitoring Disease Progression

The various tests of COPD severity described above may also be used to monitor
disease progression. The test most evaluated in the literature for this purpose is the
FEV,. The rate of decline in FEV, is normally about 25-30 mL/year after the age
of 25-30 years although there is marked interindividual variation and it is likely that
FEV, decline accelerates with advanced age [126, 127]. In COPD patients, this rate
can be greater than 100 mL/year [128]. The rate of decline is greater in current smokers
[129] and may be greater in patients with frequent COPD exacerbations [130]. It may
take several years of monitoring an individual to estimate the rate of FEV, decline,
distinct from the random effects of measurement error. There is unlikely to be a benefit
in performing spirometry more frequently than annually for this purpose [1]. It may be
difficult to decide if an observed rate of FEV, decline is normal or not as there is no
definitive normal range due to the limitations of cross-sectional data and the incom-
plete follow up and cohort effects of longitudinal data [131]. Even if clearly abnormal,
the prognostic value of the rate of FEV | decline is uncertain; however, high rates are
associated with a slightly higher mortality [128].
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Multiple dimensions of COPD should be evaluated to accurately monitor progress
in COPD. In addition to spirometry, tissue loss assessed by weight or fat-free mass,
lung volumes and the IC/TLC ratio, presence of pulmonary hypertension, and exercise
capacity assessed by 6MWD or peak V’O, should be monitored. Also important are
symptoms and quality of life measures and the number, frequency, and severity of
COPD exacerbations [132].

Evaluation of Therapeutic Interventions

Many therapeutic interventions are available for COPD that may result in improved
symptoms and quality of life. The functional correlates of these clinical improvements
may be detected through physiologic testing and can provide objective evidence for
the effectiveness of a therapeutic intervention. As discussed earlier, significant clinical
benefit may be derived from a therapeutic intervention in COPD in the absence of a
significant change in FEV . The poor correlation between FEV and clinical response
to intervention is largely due to the fact that interventions may modify DH and, to a
lesser extent, EFL without greatly affecting FEV,.

Volume responses have traditionally been assessed by the FVC. Measurement of the
FEV  appears to be more sensitive than the FVC in detecting enhanced lung emptying
after pharmacotherapy [133, 134].

The (reduced) IC, a measure of DH, shows a greater response to bronchodilator
therapy than either the FEV, or FVC [76]. As previously discussed, resting IC has
been shown to correlate well with exercise capacity in severe COPD [51]. The benefit
of an increased resting IC is to delay the onset of the mechanical limitation of ventila-
tion during exercise from DH by providing a greater IC reserve, pharmacologic lung
volume reduction. The rate of DH during exercise does not appear to change much
following bronchodilator therapy. Improvements in resting IC of approximately 10%
predicted or 0.3-0.4 L generally translate into clinically important improvements in
dyspnoea and exercise capacity [23—25]. Post-bronchodilator improvements in resting
IC are seen more often in patients who are flow-limited at rest [5S0-52].

Another means of assessing the response of DH-related exercise limitation to
therapy is through exercise testing. The 6MWT has been shown to be responsive
to interventions such as exercise training, short-acting bronchodilator therapy,
lung volume reduction surgery, and administration of supplemental oxygen [20,
135-138].

Endurance time during high-intensity exercise has been increasingly used to assess
exercise tolerance before and after a therapeutic intervention. In COPD, there is an
increasing evidence that high-intensity constant-load endurance protocols with meas-
urement of endurance time, symptoms (e.g., dyspnoea and leg fatigue), and CPET
variables of interest (e.g., IC, V', V’O,, V’./V’CO,, breathing frequency, V. expan-
sion, heart rate) at a standardized time are superior to other protocols in demonstrating
the underlying physiologic mechanisms responsible for increases in exercise tolerance
induced by a particular intervention [139]. In recent years, these CPET protocols have
been used to demonstrate the positive effects of interventions such as bronchodilator
therapy [55, 56, 81], oxygen [140, 141], heliox administration [142—-144], optimized
low-level continuous positive airway pressure [145], lung volume reduction surgery
[146], and pulmonary rehabilitation [147, 148] (Fig. 3.8). Physiologic variables may
improve during exercise post-bronchodilator, even in the absence of any change at rest.
Many classes of bronchodilators have been shown to increase IC during exercise and
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Fig. 3.8. Exercise endurance increases significantly (¥*P<0.05, **P<0.01) in response to vari-
ous interventions in COPD: nebulized ipratropium bromide 500 pg, 60% O, (shown for both
hypoxic (open bar) and nonhypoxic (solid bar) patients), nebulized ipratropium 0.5 mg+salb-
utamol 2.5 mg with 50% O, Heliox administration (21% oxygen, 79% helium), exercise train-
ing (EXT), optimized low-level continuous positive airway pressure (CPAP), and lung volume
reduction surgery (LVRS) (Data from References [23, 140, 142, 145, 146, 150, 151])

improve exercise endurance, often in the absence of an improvement in FEV, or FVC
at rest [25, 55, 77, 81].

Currently, the high-intensity exercise endurance protocol appears to be the most
responsive exercise test for the evaluation of the efficacy of therapeutic interventions
in COPD.

Composite scoring systems such as the BODE index have been shown to be responsive
to therapeutic interventions [149]. Further research is required to determine whether the
use of composite scoring systems which combine subjective and objective measures
offers benefits beyond the current practice of making subjective and objective assess-
ments separately.

Conclusions

Recent developments in the physiologic assessment of COPD have resulted in several
new trends. Post-bronchodilator measurements are now increasingly used for the FEV /
FVC ratio in diagnosis and the FEV, in severity assessment. The FEV is emerging
as a valid alternative to the FVC for diagnosis and evaluation of therapeutic response.
There is a shift from the exclusive reliance on spirometry to evaluate severity, disease
progression, and response to interventions to a wider assessment encompassing multi-
ple dimensions of COPD. The emergence of sensitive endurance CPET has provided
a new understanding of the mechanisms of dyspnoea and exercise limitation and how
various interventions work to improve these outcomes.
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Outcome Measures and Prognostic
Markers for COPD

Mario Cazzola and Barry J. Make

Key Points:

Lung function, most commonly measured by the FEV |, does not provide a complete
picture of the impact of COPD. Assessment of both physiologic and symptomatic
outcomes is recommended to more fully assess response to therapeutic interventions.
Indices of resting and dynamic hyperinflation are associated with exercise capacity
and mortality.

Assessment of response to therapy should include patient-centered outcomes such
as health-related quality of life and respiratory symptoms measured with validated
questionnaires.

Cardiopulmonary exercise tests provide more information about the nature of exer-
cise capacity that may be clinically important. Field tests of exercise performance,
such as the 6-min walk test, are commonly used to assess response to therapy.

The presence and severity of exacerbations of COPD as an outcome measure can
be based on symptoms but can additionally be linked to such symptoms as require
changes in therapy and the need for healthcare utilization.

Mortality is an important outcome in patients with COPD. Several clinical features are
known to correlate with mortality, and a multi-dimensional score (the BODE index)
has recently been found to be more predictive of mortality than lung function alone.
Assessment of the presence and the degree of emphysema and airway disease by
chest CT scan can provide important phenotypic information.

Body composition and other systemic manifestations of COPD may be important
outcomes.

Keywords Biomarkers ¢ dyspnoea « exercise « health status « lung function « outcomes

Introduction

The term COPD, a disease condition characterized by the presence of incompletely
reversible airflow limitation, is commonly used to indicate different entities such as
chronic bronchitis, emphysema, and variably also unremitting asthma, each of which
has its own outcomes and prognostic markers. This is one reason why many research-
ers and clinicians have difficulty in understanding what constitutes a response to a
therapeutic intervention in COPD. This difficulty is amplified by the fact that COPD

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis
and Clinical Management, Respiratory Medicine, DOI 10.1007/978-1-59745-357-8_4,
© Springer Science+Business Media, LLC 2011
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Table 4.1 Important Outcomes in COPD [139].
Function

Physiology (e.g., FEV , lung volumes)

Functional capacity (e.g., exercise tests, walk tests)

Patient effects
Respiratory symptoms (e.g., dyspnoea, cough, sputum)
Health status (e.g., health-related quality of life)
Psychological (e.g., depression, anxiety)
Neuropsychological function (e.g., memory, cognition)

Course of the disease
Exacerbations
Mortality
Costs (e.g., hospitalizations, medications)

Disease
Pathophysiology
Pathology
Radiology

Other
Need for medications and therapies
Caregiver burden
Health-enhancing behaviors (e.g., smoking cessation, patient adherence
to prescribed treatments)
Assistive technology (e.g., wheelchair, walker)
Satisfaction with care
Adbverse effects of therapy (e.g., medication side effects)
Complications/co-morbidities (e.g., pulmonary hypertension, osteoporosis)

is a multi-component disease characterized by a range of pathological changes, which
include mucus hypersecretion, airway narrowing and loss of alveoli in the lungs, and
such systemic effects as loss of lean body mass and cardiovascular effects [1]. COPD
patients are also heterogeneous in terms of their clinical presentation, disease severity,
and rate of disease progression [1].

Consequently, the impact of COPD on an individual patient depends not just on the
degree of airflow limitation (most commonly measured by the forced expiratory
volume in 1 s, FEV,). Rather, symptoms (especially breathlessness and decreased
exercise capacity) and complications of the disease are additional key components of
the evaluation of the disease progression and the potential effect of therapy [2], sup-
porting the need to explore outcome measures in addition to lung function. There has
been a surge of recent interest in patient-centered outcomes for evaluating new inter-
ventions that have the potential for modifying the clinical course of COPD. Table 4.1
outlines various clinical outcome measures that are used in COPD.

Lung Function

FEV, and the rate of FEV, decline are the most widely used outcome measures for
clinical trials of COPD treatment and prevention of COPD progression. It remains a
valuable primary endpoint that regulatory authorities regard as an acceptable measure
of efficacy for COPD pharmacological trials in combination with instruments that
encompass symptomatic endpoints. The use of this marker is supported by the concept
that COPD is the consequence of accumulating loss of FEV, [3]. Extrapolation from
cross-sectional pathologic and radiologic studies suggests that the decline in FEV | is
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associated with progression of anatomic processes in patients with predominant airway
disease as well as in those with predominant emphysema. However, this assumption
has not been proved in long-term prospective studies using more sensitive meth-
ods to assess airway and parenchymal changes along with lung function measures.
Nevertheless, FEV| is commonly used in assessing the progression of both disease
phenotypes [3].

It is well known that the degree of airflow limitation, as measured by FEV,, does
not necessarily correlate strongly with patient-reported clinical outcomes such as
health status, dyspnoea, or exercise performance [4—-6]. This is likely the result of other
pathophysiologic (i.e., dynamic hyperinflation) and psychological (i.e., coexisting
anxiety and depression) factors, which also affect symptoms. Lung hyperinflation is
present in patients with more advanced COPD at rest owing to the effects of increased
lung compliance as a result of the permanently destructive changes of emphysema and
expiratory flow limitation and worsens with activity [7]. Changes in FEV, should not
be regarded as a surrogate for changes in clinical outcomes, and thus clinical outcomes
should be measured separately to complement other markers of physiologic impair-
ment when assessing a therapy for COPD.

In moderate-to-severe COPD, airflow limitation is usually associated with gas
trapping and hyperinflation as assessed objectively by an increase in residual volume
(RV) and thoracic gas volume (TGV) [8]. Ultimately, as hyperinflation increases,
there is an associated decrease in inspiratory capacity (IC) and an inability to expand
tidal volume to meet increased metabolic demands [9]. These physiologic abnor-
malities are associated with symptoms of dyspnoea, exercise intolerance, and patient
impairment and disability [10, 11]. Hence, it might be expected that strategies that
decrease hyperinflation should improve the aforementioned parameters. Several studies
have demonstrated a reduction in dynamic hyperinflation and improvement in exer-
cise capacity following bronchodilators [12, 13]. In patients with decreased IC at
rest, there is an increase of IC and increased tidal volume and minute ventilation after
administration of bronchodilators. This increase correlates closely with improvement
in a sensation of dyspnoea and exercise capacity [14]. However, measuring IC after
a pharmacological intervention without plethysmographic determination of the static
lung volumes may not be an adequate reflection of the underlying changes in these
volumes [15]. In hyperinflated patients, RV or forced vital capacity (FVC) may be
useful measures for identifying a therapeutic response that may not be determined
from measuring FEV, alone [8].

Hyperinflation has also recently been reported to be of prognostic significance.
Casanova et al. have shown that the inspiratory capacity/total lung capacity ratio is a
predictor of mortality [16].

Patient-Reported Outcomes

“Patient-reported outcomes” refers to characteristics of importance, which are
obtained by eliciting direct responses from patients using validated questionnaires.
Understanding the importance of patient-reported outcomes in COPD compared to
physiological outcomes that may be considered more physician-centered is indis-
pensable, because patients and physicians do not always share viewpoints on what is
important in this disease. As both types of outcomes are complementary during the
long-term follow-up of COPD, their assessment will enable clinicians to evaluate
the overall effectiveness of the impact of the therapeutic interventions on patients.
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Dyspnoea and health-related quality of life (health status) are generally considered
the most important patient-centered outcomes for characterizing response to treat-
ment in COPD.

Dyspnoea

Dyspnoea, a debilitating and disabling symptom of COPD, is now considered a fun-
damental outcome because of its direct relation with both the patient’s health-related
quality of life (HRQOL) and a likely predictor of survival [17]. Nonetheless, a discrep-
ancy often exists between the patient’s perception and the physician’s clinical evalu-
ation of the impact of symptoms that frequently accompany COPD, particularly as it
relates to dyspnoea [18]. This likely occurs because dyspnoea arises “from interactions
among multiple physiological, psychological, social, and environmental factors and
may induce secondary psychological and behavioral responses” [19].

Instruments used to measure dyspnoea should rely on patient report, be multidimen-
sional where possible, adhere to standardized methodology, and ideally be self-admin-
istered [17]. On the basis of various characteristics, dyspnoea assessment instruments
may be grouped into three categories [18]: (1) standardized questionnaires, which
require patients to recall dyspnoea symptoms that occurred during activities of daily
living over a previous period; (2) instruments that evaluate the patient’s current level
of dyspnoea; (3) health-related quality of life (HRQOL) instruments, which include
a dyspnoea domain and dyspnoea score. The Medical Research Council (MRC) scale
[20] considers a single dimension (i.e., physical tasks, such as walking, that provoke
breathlessness), the Baseline (BDI) and Transition (TDI) Dyspnoea Indices [21] con-
sider three components (functional impairment, magnitude of task, and magnitude of
effort), and the dyspnoea domain of the Chronic Respiratory Questionnaire (CRQ)
[22] incorporates five physical activities that are specific for the individual patient;
these are the three clinical instruments most widely used to quantify dyspnoea.

The MRC scale is not generally considered satisfactory as an evaluative instrument
to measure changes in dyspnoea because its broad grades are generally unresponsive
to interventions such as pharmacotherapy [17]. The responsiveness of the TDI and
the dyspnoea component of the CRQ, which are multidimensional clinical instru-
ments, has been demonstrated in numerous multicenter randomized clinical trials with
pharmacotherapy and pulmonary rehabilitation, in patients with COPD [17]. Such
measures to assess breathlessness cannot determine the etiology of the dyspnoea, and
comorbid and associated conditions such as cardiac disease may confound the ability
to relate changes in dyspnoea solely to the underlying lung disease.

Health Status

Standardized measures of health status provide a method of assessing the impact of
the disease on patients’ daily lives, activity, and well-being. The term “quality of
life” (QOL) is often used loosely in this context, but this is inappropriate. Multiple
factors determine an individual’s quality of life. Even in very ill people, health
usually forms only a minor determinant of an individual’s quality of life — employ-
ment, finances, family, and social factors being collectively more important [23].
Health-related quality of life (HRQOL) is a more specific term, but since peoples’
lives are so varied, the impact of disease will also be varied. It is appropriate to use
HRQOL when referring to individuals, but to use “health status” when measuring
groups of patients.
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Health is an abstract concept, but it is possible to produce standardized health
status measures that have true interval-scaling properties (i.e., the questionnaire
behaves like a ruler). By contrast, QOL is personal to each individual. While there
is a relationship between reduced lung function and impaired health [24], this is not
sufficiently strong for spirometric measures to provide a reliable estimate of HRQOL
[25]. For that reason, measurements of health status must be made using specifically
designed questionnaires.

There are three broad types of health status questionnaires [26]. Each has its pur-
pose. Disease-specific measures are targeted at patients with COPD directly, so they
should be able to identify small differences between levels of disease severity (discrimi-
native properties) and be sensitive to clinically worthwhile changes with therapy
(evaluative properties). Generic questionnaires that can be used in a variety of dis-
eases and are not limited to patients with respiratory disorders may have reasonably
good discriminative properties in COPD, but may not be less sensitive to change [27].
Health utility instruments provide a different perspective. They are generic question-
naires, but their design is driven from a health economic perspective in which death
is included as a health state. They may have discriminative properties in COPD, but
may be less effective at evaluating changes. Despite these theoretical concerns, all
three types of questionnaires have been successfully used in assessing outcomes of
therapies in COPD, including bronchodilators, pulmonary rehabilitation, and lung
volume reduction surgery.

The importance of the evaluation of health status in COPD is highlighted by studies
that show correlations between health status and other clinical outcomes. For example,
poor scores on the St George’s Respiratory Questionnaire (SGRQ), an instrument
that measures disease-specific health status, were associated with mortality, hospital
readmission, and increased healthcare resource consumption [28, 29]. Nevertheless,
it must be noted that the perception of QOL varies among individuals with otherwise
similar objective physiologic abnormalities [30]. A meta-analysis of the published
COPD clinical trials has documented that the SGRQ does not correlate with the severity
of the disease based on the severity of airway obstruction [31].

Exercise Capacity

Exercise capacity has become an important outcome measure in COPD, as many
patients complain of exercise intolerance and exertional dyspnoea, and because it is a
major determinant of an impaired health status [24, 32]. Moreover, exercise intolerance
is an important predictor of mortality [33].

In COPD patients, exercise tolerance cannot be predicted by resting lung function
measurements (i.e., FEV,) [34]. Exercise impairment in these patients does not depend
only on ventilatory limitation or gas interchange abnormalities [35-37]. Factors such as
skeletal muscle dysfunction can contribute to impaired exercise capacity. An American
Thoracic Society/American College of Chest Physicians statement [38] emphasized
the utility of clinical exercise testing in the assessment of impairment in patients with
COPD, specifically noting its advantages in terms of standardizing the measurement
of both exertional dyspnoea and exercise intolerance, two hallmarks of disability in
patients with COPD. Several studies have shown that the measurement of operat-
ing lung volumes during clinical exercise testing complements the measurements of
dyspnoea and endurance time and allows for a more complete characterization of the
efficacy of COPD treatments at the impairment/disability interface [4, 39-43].
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There are two types of clinically applicable exercise tests: laboratory-based tests and
field tests. Laboratory exercise protocols require a treadmill and cycle ergometer (car-
diopulmonary exercise testing, CPET) provide a global assessment of the integrative
responses involving the pulmonary, cardiovascular, hematopoietic, neuropsychological,
and skeletal muscle systems, which are not adequately reflected through the measurement
of individual organ system function. Simple exercise tests, such as the 6-min walking test
(6MWT) and shuttle walk test, can be performed without elaborate equipment [34].

Currently, both the 6B MWT and CPET are commonly used for functional assessment.
Whether a 6MWT and/or CPET should be used depends on the questions being asked
and the available resources; both provide complementary, albeit different, informa-
tion [38]. CPET is clinically useful in the evaluation of patients with COPD when an
objective determination of exercise capacity (oxygen uptake at peak exercise, and work
at peak exercise) is necessary to establish exercise limitation, to assess other factors
that may be contributing to exercise limitation (occult myocardial ischemia), to relate
symptoms to exercise limitation, especially when exertional symptoms are dispropor-
tionate to resting pulmonary function tests, and to determine whether hypoxemia con-
tributes to exercise limitation, and supplemental oxygen requirements may be directly
quantified [38]. As such, CPET may be preferred in circumstances where important
information is required for clinical decision making. Nonetheless, field tests have been
used extensively in trials to evaluate possible benefits of therapeutic interventions.
Because walking is one of the simplest and most common activities, it is an integrative
useful test to assess the physical, psychological, and emotional capabilities of patients.
The 6MWT test has established reliability and validity in predicting survival in a
variety of settings, including following pulmonary rehabilitation [44] and after lung
volume-reduction surgery (LVRS) [45]. It correlates well with VO, peak [46] and with
HRQOL [47]. In addition, a threshold (54 m) for noticeable differences in patients’
subjective comparison ratings of their walking has been determined [48]. Owing to
these advantages and its relative standardization [49], the 6MWT test is increasingly
used to complement the evaluation of patients with COPD. In addition to the distance
covered, it is useful to record, at the beginning and end of exercise, the intensity of
breathlessness (and sometimes leg fatigue), heart rate, and arterial 0, saturation.

Exacerbations

Exacerbations of COPD cause morbidity, hospital admission, mortality, and strongly
influence QOL [50] and increase healthcare costs. In addition, functional status and
HRQOL can remain impaired for some time following an exacerbation [51] and,
moreover, frequent exacerbations may accelerate the rate of decline of lung function
over time in patients with COPD [52]. The incidence of exacerbations is an important
outcome that should always be considered, but the incidence varies according to the
definition used [53].

Unfortunately, there is no accepted agreed definition for an exacerbation of COPD,
since exacerbations have a variety of causes and severities [54]. What, for empiric
purposes, constitutes an exacerbation? Can an exacerbation be defined as two or more
days of increased symptoms accompanied by reduced activity level? How are severity
and duration defined? This important clinical phenomenon needs to be standardized to
enhance its utility as a trial outcome and permit meta-analysis across trials to inform
decision making.
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Despite its importance, the definition and empiric measurement of exacerbation
have been elusive. Considerable heterogeneity in the etiology and manifestation of
COPD exacerbations makes their definition and quantification extremely difficult.
The wealth of definitions employed to date can be categorized broadly on the basis of
their description of patient symptoms (symptom-based definitions) or definitive events
(event-based definitions) [55]. Symptoms are of fundamental importance and are the
primary concern of the patient, and thus exacerbations can be generally considered as
a change in symptoms that prompts contact with healthcare professionals [55]. The
advantage of this definition is that it considers both patient report and healthcare utili-
zation as key features. Assessment of patient symptoms and subsequent improvement
with therapy is therefore a fundamental consideration for both patient and physician.
Identification of a standardized symptom-based definition is likely to be complicated
by the highly varied nature of COPD and its exacerbations. As patient symptoma-
tology varies greatly, and an absolute level of dyspnoea or sputum volume cannot be
described as diagnostic, a subjective assessment of “worsening” is required. This raises
the question as to who is best placed to make this judgment: the patient or the doctor?

Event-based definitions have been increasingly used in an attempt to circumvent the
problems associated with identifying and defining symptoms or groups of symptoms,
and simply capture all patients whose condition has changed sufficiently to require an
unscheduled visit to a healthcare provider, an emergency department visit, hospitaliza-
tion, or a change of treatment (generally therapy with systemic steroids or antibiotics)
[55]. Classification of exacerbations based on events offers a straightforward approach
and is therefore widely used in clinical trials. Event-based criteria do, however, require
a sequence of decision making, involving both the patient and the doctor. In any case,
in the absence of definitive signs and symptoms on which to base a diagnosis, event-
based definitions currently represent the most unambiguous and practical approach
to clearly identifying episodes of exacerbation [55]. A general definition such as “an
exacerbation of COPD is an increase in respiratory symptoms over baseline that usu-
ally requires medical intervention” is event-based and initiated by patient symptoms.
Published clinical trials of bronchodilators and/or inhaled corticosteroids in COPD
commonly report exacerbations as an outcome of therapy [56, 57]. It has been sug-
gested that many exacerbations are unreported raising the question as to whether these
symptoms should be collected.

The great variability in the course of exacerbations of COPD even in patients with
similar degrees of pulmonary impairment renders the prediction of the outcome in a
given patient very difficult. Consequently, the effect of any given therapeutic interven-
tion may be not only to reduce the frequency of exacerbations, but also to reduce their
severity. The classification in types I to III according to the Anthonisen’s criteria [58]
is not a severity scale, but a classification that indicates the likelihood of bacterial
infection as cause of an exacerbation. The severity of exacerbations may be based on
the degree of healthcare utilization, but this definition has the disadvantage of having
different criteria for hospital admission or different patterns of use of antibiotics and/or
oral steroids in different settings or countries. Each exacerbation should be classified
according to severity scale (mild: increase in respiratory symptoms controlled by the
patient with an increase in the usual medication; moderate: the one requiring treatment
with systemic corticosteroids and/or antibiotics; severe: exacerbations requiring hospi-
talization or a visit to the emergency department) that is an integration of the severity
scale proposed in the ATS/ERS COPD guidelines for COPD [1]. The severity of the exac-
erbations is closely related to the severity of the baseline disease; i.e., severe COPD
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patients are more likely to be hospitalized because of an exacerbation. Therefore,
distribution of severity of exacerbations generally parallels distribution of severity of
COPD in a given population.

Mortality

Mortality remains to be the most important and robust clinical outcome in COPD research.
The recognition and modification of likely surrogates for mortality in COPD may provide
an opportunity to reduce morbidity and improve survival using smaller sample sizes.

The most widely used prognostic factor in stable COPD has been FEV | [59]. Recently,
it has been documented that rapid lung function decline was independently associated
only with a modest increased risk of COPD deaths [60]. Also the ratio of IC to total lung
capacity (IC/TLC) is a predictor of respiratory and all-causes mortality in COPD [16].
Variables other than lung function and the degree of airflow obstruction are also predic-
tors of mortality and these include hypoxemia or hypercapnia [61], higher dyspnoea
score [62], a low body mass index (BMI) [63], reduced exercise capacity [32], frequent
exacerbations/hospitalizations [64], cor pulmonale [65], and C-reactive protein (CRP)
[66]. A multi-component score, the BODE index, has also been shown to be a predictor
of mortality. BODE is a 10-point scale that combines measures of BMI (B), the degree
of airflow obstruction (O) measured by FEV,, dyspnoea (D), and exercise capacity (E)
measured by the 6-min walk distance into a single metric, thus encompassing the pulmo-
nary as well as the systemic effects of COPD [67]. The clinical phenotype of the patient
with COPD may also impact prognosis [68], as earlier reports suggested that emphysema
is associated with a worse prognosis than chronic bronchitis or asthma [69, 70].

A recent report from the National Emphysema Treatment Trial [71] has shown that
mortality in patients with COPD with moderate to severe emphysema, as defined by
high-resolution CT scan, plus severe, chronic airflow obstruction, is influenced by
numerous clinical and physiologic factors. Increased mortality is observed in patients
with greater age, lower BMI, O, utilization (in contrast to PaO,), and greater hyperin-
flation. Exercise capacity, as quantified by cardiopulmonary exercise testing in contrast
to 6MWT distance, proves a powerful independent predictor of survival. By contrast,
a multidimensional index, the modified BODE index, proved a weak independent
predictor in patients with severe emphysema. These data suggest that readily available
clinical parameters may be useful in predicting outcome in severe emphysema.

Several factors have been reported as risk factors for mortality after exacerbations.
They are PaCO,, O, saturation and resting oxygen uptake [72], low BMI [73], older
age [65], cardiac factors [65], other comorbidities [65], and severity of illness, serum
albumin level, functional status, and PaO, [73].

One of the major limitations of accurately ascertaining causes of death in COPD
cohorts is the difficulty in differentiating between various causes of deaths in clini-
cal settings [74]. For example, there may be diagnostic problems separating sudden
deaths related to cardiac arrhythmias from mortality related to acute massive pulmo-
nary embolism, or separating deaths from heart failure secondary to cardiac ischemia
from these related to cor pulmonale [74]. McGarvey et al. [75] recently reported on
a method of assigning cause of death using algorithms applied to careful analysis of
complete medical records as part of the TORCH trial.

The main causes of death in mild or moderate COPD are lung cancer and cardio-
vascular diseases, while in more advanced COPD (<60% FEV)), respiratory failure
becomes the predominant cause [74]. Addressing the potential link between COPD
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and comorbidities, such as cancer and cardiovascular diseases, may be of paramount
importance in modifying the morbidity and mortality associated with COPD across the
full spectrum of COPD severity from Global Initiative for Chronic Obstructive Lung
Disease (GOLD) stage 0 to 4 [74].

Imaging

It is conceivable that a better characterization of the underlying disease by sophis-
ticated imaging techniques and a quantification of emphysema may help to reduce
the variability of response to therapeutic interventions in COPD patients and tailor
treatments to individual patients. Until now, clinical imaging of the lung parenchyma
has been performed with techniques such as chest radiography and X-ray computed
tomography. The diagnosis of emphysema on the plain radiograph depends upon the
detection of the indirect signs of reduced and distorted pulmonary vascularity and
hyperinflation [76]. Although the chest radiograph may detect moderate to severe
emphysema and can detect extensive bullous disease, it does not allow for a reliable
diagnosis of mild emphysema [76]. Another limitation of the chest radiograph is that
it does not provide a reliable method to quantify the severity of emphysema and is not
sensitive enough to detect subtle changes over time [76].

Computed tomography (CT) is superior to chest radiography in diagnosing emphy-
sema and characterizing the extent and severity of disease [77]. With the latest tech-
nical advances in CT, in vivo measurements of human airway dimensions, such as
lumen area and wall thickness, have now become feasible even for small bronchi.
The CT scan, particularly high-resolution computed tomography (HRCT), defined as
thin-section CT (sections 1-2 mm in thickness) optimized by using an edge-enhancing
reconstruction algorithm, has, in fact, gained wide acceptance as a diagnostic and
investigational radiological tool for the evaluation of airway and parenchymal anat-
omy, although lack of standardization of the procedures for HRCT acquisition and
interpretation complicate the process of unraveling the relationship between HRCT
data and lung function derangement in patients with COPD. However, several studies
have provided information on how to standardize the acquisition and the interpretation
of HRCT in COPD. First, a spirometrically gated HRCT technique has been developed
to scan the chest at predefined lung volumes in order to avoid the influence of the level
of lung inflation during scanning on HRCT attenuation measurements [78]. Second,
the percentage of lung area with attenuation values <950 Hounsfield units (HU) during
inspiration and<910 HU during expiration have been proposed, but not necessarily
universally accepted as the HRCT attenuation thresholds that best quantify in vivo the
morphometric extent of emphysema [79]. Third, quantitative HRCT data have been
shown to provide a more consistent and less biased assessment of disease extent than
subjective visual analysis and scoring [80]. HRCT attenuation parameters obtained
during inspiration can be used to assess the extent of parenchymal destructive changes
compatible with emphysema [81].

To obtain a more complete evaluation of the morphologic counterpart of the functional
changes that interfere with the health status of COPD patients, it has been suggested
that the inspiratory HRCT attenuation data should be complemented with attenuation
measurements obtained at full expiration [81]. Differentiation of X-ray low attenuation
resulting from emphysema from that resulting from air trapping cannot be obtained by
any single physical measurement of lung density. Evaluation of only inspiratory meas-
urements or only expiratory measurements cannot provide a complete analysis of the
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dysfunction present in COPD [81]. Both provide valuable data regarding the complexity
of the disease, and they should be utilized concomitantly. In any case, one investigation
reported that emphysema volumes measured from expiratory multidetector CT scans
(slice thickness, 1/0.8 mm) better reflect pulmonary function test abnormalities in
patients with severe emphysema than those from inspiratory scans [82].

When combined with comprehensive lung function and lung inflammation, assess-
ment of emphysema by HRCT chest scan may provide more accurate phenotyping of
patients with COPD [83] Airway measurements derived from three spirometrically
gated thin-section CT scans obtained at defined anatomic levels can enable the dif-
ferentiation of patients who have COPD with chronic bronchitis from those who have
COPD without chronic bronchitis, which is a distinction that correlates with pulmonary
functional impairment. HRCT has been used to measure dynamic changes in airway
caliber in vivo that are not detectable by conventional global lung measurements such
as airway and lung resistance [84]. In addition, HRCT chest scan would allow the iden-
tification of bronchiectasis and bronchiolitis [85].

Recent analytical methods, moreover, offer the possibility of further defining sub-
types of emphysema [86, 87]. Imaging methods using hyperpolarized gas magnetic
resonance imaging techniques cannot only image alveolar structures, but have the
possibility of providing very subtle quantitative measures of alveolar size [88, 89].
Magnetic resonance imaging, moreover, may be able to distinguish centrilobular
emphysema by specifically quantifying small airway diameters [90].

It must be highlighted that the use of imaging for the assessment of emphysema
has some limitations [83]. First, it may not be easy to obtain in a number of centers.
Second, it exposes the patient to radiation. Third, it cannot be taken as an indisputable
“gold standard” for the quantification of emphysema as it provides correlation coef-
ficients with lung pathology ranging from 0.7 to 0.9.

Biomarkers

A widely used definition endorsed by the National Institutes of Health in the USA is that
a biomarker is a characteristic that is objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes, or pharmacological responses to
therapeutic interventions [91]. In this context, biomarkers are generally not considered
to be physiological measurements, such as FEV, or exercise capacity. In COPD, sev-
eral types of biomarkers (in blood, bronchial biopsies, sputum, bronchoalveolar lavage
(BAL), and exhaled breath) have been measured that are related to disease pathophysiol-
ogy and the inflammatory and destructive process in the lung. To be used as outcome
measures in COPD, such biomarkers would have to be sensitive to change with thera-
peutic intervention and would have to predict clinical outcome reliably. Unfortunately,
to date, none of them is in routine use for the diagnosis of COPD, for predicting disease
progression, or for predicting response to therapy although these biomarkers are reflec-
tive of the disease, and have potential use for regulatory purposes [92].

Franciosi et al. [31] reviewed over 600 published studies that covered almost
150,000 patients with COPD, and observed that only sputum neutrophils and IL-8, as
well as serum tumor necrosis factor (TNF)-a and CRP, showed any trend toward sepa-
rating different stages of COPD, although this assumes that our current staging system
is the best method of assessing disease severity. However, the authors [31] highlighted
that they were faced with a shortage of data in the later stages of the disease. Another
aspect they had to consider was the specificity of these cytological and biochemical
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variables. The few inflammatory cells and mediators that were affected across COPD
stages may not bear a causal relationship with the severity of the disease itself. Rather,
they may only reflect local and systemic inflammatory conditions and may not be
specific to COPD. In addition, the dynamics of inflammatory cell migration was not
considered in the sampled matrices (i.e., blood, tissue biopsy, BAL, and sputum). The
correspondence between local and systemic measurements of inflammatory cells such
as lymphocytes was often unclear. These measurements were usually obtained at dif-
ferent times from different individuals rather than concurrently within each individual.
Hence, parallel sampling schemes for local and systemic matrices would be required
for characterizing the inflammatory component of this disease.

Unfortunately, there is significant overlap of biomarkers in healthy smokers and
patients suffering from other airway diseases (asthma, interstitial lung diseases,
and chronic cough). The large heterogeneity of COPD patients may additionally
obscure results. A biomarker, by definition, should possess sufficient discriminatory
power (specificity and sensitivity) to accurately reflect disease state. Considering the
low specificity of each of these inflammatory mediators, an alternative approach would
be to use a combination of markers to facilitate identification of the smoker at high risk
for the COPD phenotype [93].

In any case, although there is an association between increased plasma CRP level
and impaired lung function in COPD [94], we still do not know if this systemic marker
of inflammation is a “spill-over” from a site primarily in the lungs, a marker of a
systemic inflammatory process that is causing damage in the lungs, or the result of
a secondary process in other organs following primary disease in the lungs [91].

Markers reported to be higher in blood during exacerbation compared with the
baseline state include CRP [95], IL-8 [96], TNF-a [97], leptin [97], endothelin-1 [98],
eosinophil cationic protein [99], myeloperoxidase [99], fibrinogen [100], IL-6 [100],
a,-antitrypsin [101], and leukotriene B, [102]. Nevertheless, Franciosi et al. [103]
reviewed the literature in an attempt to identify which biomarkers change in a con-
sistent manner with the severity of the exacerbation event. All suggested biomarkers
for exacerbations failed to show consistent trends or lacked sufficient data to permit
any meta-analysis. Also Hurst et al. [104], who explored the use of measuring plasma
biomarkers at exacerbation of COPD, documented that systemic biomarkers were not
helpful in predicting exacerbation severity, although plasma CRP concentration, in
the presence of a major exacerbation symptom, seems to be useful in the confirma-
tion of COPD exacerbation. Interestingly, the acute-phase response at exacerbation is
strongly related to indices of monocyte function. It must be highlighted, in any case,
that a recent paper has suggested that procalcitonin could be a suitable biomarker of
exacerbations of COPD, which may be used to target management for each patient
and episode more specifically, allowing a sustained reduction in antibiotic use for the
treatment of COPD both at short-term and long-term follow-up [105].

Non-pulmonary Markers

There is a growing realization that COPD is a multiorgan-system disease. In particular,
there is evidence that the skeletal muscles lose mass and do not function normally, and
that this contributes to exercise intolerance [106]. The fat-free mass is also a significant
determinant of exercise capacity in patients with COPD, but loss of skeletal muscle
mass is the main cause of weight loss in COPD, whereas loss of fat mass contributes
to a lesser extent [107]. The observed relationships between weight loss, muscle wasting,
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and muscle weakness [108, 109], which are independent of FEV, as well as the known
close relationship between respiratory muscle weakness and dyspnoea, indicate the
importance of adequately recording and reporting all patient characteristics in suf-
ficient detail. Therefore, standardized markers of skeletal muscle function and lean
body mass must be considered. This enables investigators to better understand the
physical status of their patients, in particular, the state of their peripheral muscles in
the context of COPD.

Body Weight and Fat-Free Mass

Body mass index (BMI) is a measure of body weight corrected for body height: body
weight/height? in kg/m?, whereas fat-free mass index (FFMI) is a measure of fat-free
mass corrected for body height: fat-free mass/height? in kg/m? [108].

Several studies [110-112] have documented the association between low body mass,
and poor prognosis and mortality in patients with established COPD. Threshold value
of 25 kg/m? was identified below which the mortality risk was clearly increased [113].
Wilson et al. [110] found that in male patients with COPD, weight was a significant
predictor of survival even after adjusting for FEV,. It must be highlighted that the rela-
tionship between body mass and pulmonary function is complex and is influenced by
several factors that include age, gender, and smoking status, among others. Nonetheless,
Harik-Khan et al. [114] have documented that middle-aged and older men with low
body weight, as measured by BMI, are at a substantially higher risk of COPD develop-
ing even after adjusting for other potential risk factors, including cigarette smoking,
age, FEV percent predicted, abdominal obesity, and educational status.

The body mass can be divided into two compartments: fat mass and fat-free mass
(FFM). The first is, in principle, a metabolic inactive energy store, whereas the latter
contains the metabolic active organs, skeletal muscle being the largest of these organs.
Low FFM is a frequently occurring phenomenon in unselected patients with COPD [115].
Regarding BMI, a low FFMI is associated with mortality, and even in patients with normal
BMLI, a low FFMI is associated with an unfavorable prognosis [116]. Tissue depletion
occurs commonly in COPD patients, its prevalence increasing from 20% in clinically
stable outpatients up to 35% in patients who are eligible for pulmonary rehabilitation
[117, 118]. Loss of FFM adversely affects respiratory and peripheral muscle function,
exercise capacity, and health status [118—122]. Because FFMI is associated with prognosis,
it seems that assessment of FFM provides important information in COPD and should be
considered in the routine evaluation of patients with this condition [115].

Based on the observation that a BMI greater than 24 kg/m? is associated with bet-
ter survival, it has been proposed that obesity could be protective in COPD [123].
However, it must be mentioned that the notion that fat accumulation is protective in
COPD may be an oversimplification that neglects the potential consequences of obes-
ity in this disease. It is worth noting that an increased BMI does not protect against
fat-free mass depletion in COPD, since there is a preferential loss of muscle tissue in
this disease [117]. In fact, muscle mass may be reduced despite a normal BMI [117].
Furthermore, a reduced muscle mass is associated with increased rates of death, irre-
spective of BMI [115, 124, 125]. These considerations do not reflect the general effects
of obesity on mortality in the general population.

Measurement of Quadriceps Muscle Function

Assessment of body composition can be very helpful for better understanding the het-
erogeneity in clinical manifestations of COPD. FEM is a strong predictor of peripheral
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skeletal muscle weakness of upper and lower extremities [120]. Quadriceps muscle
weakness has been observed in patients with COPD [126, 127] and has been related
to exercise intolerance [128], utilization of healthcare resources [129], and survival in
patients with moderate to severe COPD [130]. Unfortunately, measurements of quad-
riceps muscle function are not yet standard, mainly due to their expense and need for
a trained operator.

Besides the impact of loss of peripheral muscle mass on morbidity and prognosis in
patients with COPD, there is also growing attention to the qualitative changes in the
muscles of these patients. In particular, quadriceps muscle biopsies have demonstrated
that fiber atrophy is mainly confined to the type IIA/IIX and IIX fibers, and also that
activity of aerobic enzymes is decreased [131, 132]. It has been recently reported that
these metabolic and muscle features can influence the susceptibility of patients with
COPD to fatigue [133].

The Conclusions of the Report of the ATS/ERS Task Force
on the COPD Outcomes

By the time patients with COPD seek medical attention, they usually have significant
symptoms, especially dyspnoea, reduced exercise performance, and impaired health
status. These aspects of COPD morbidity have been investigated for many years, and
their association with the disease process has resulted in measurable outcomes used
for the assessment of pharmacological treatment. The ATS/ERS Task Force has now
critically assessed and summarized many of these outcomes [134]. Although some of
these outcomes have been shown to change with therapy, their observed changes do
not always reflect changes in traditional measures of disease severity such as FEV .
This is because other pathophysiologic (e.g., dynamic hyperinflation of the lungs)
and psychological (e.g., coexisting anxiety) influences also affect these outcomes.
Therefore, changes in FEV, with therapy should not be regarded as a surrogate for
changes in dyspnoea, exercise performance, or health status. These variables should
be measured separately to complement other markers of physiologic impairment when
assessing a therapy for COPD [135].

The ATS/ERS Task Force suggests that it is necessary that evaluation of COPD
clinical outcomes include lung-function parameters other than FEV,, for example,
FVC and IC; and moreover, measures of dyspnoea; functional status and health status;
exercise tolerance; and breathlessness after exercise. Depending upon the therapeutic
mechanism of the intervention, a more practical approach may be the use of a mul-
tidimensional tool, such as the BODE index that combines body mass index, airflow
obstruction, dyspnoea, and exercise capacity into one measure, thus encompassing the
pulmonary as well as the systemic effects of COPD [67]. Another approach may be
to consider various combinations of COPD outcomes and determine their associations
using a principal components analysis (PCA) [136]. However, the applicability and
reliability of the BODE index and PCA methods in pharmacological trials remains
to be determined. BODE has been used as a predictor of the risk of death and several
studies now suggest that it might a useful indicator of disease progression and treat-
ment effect [137, 138]. In the case of PCA, it offers a more comprehensive means
of evaluating COPD patients than relying simply on the degree of airflow limitation,
but there is little evidence available at this time to recommend it as useful method in
COPD research. Like any outcome or marker, BODE and PCA must be standardized,
reproducible, sensitive to treatment effect, feasible for multi-center trials, and free
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from safety or ethical problems. In other words, these measures must be scientifically
validated and practical for the COPD research community and regulatory authorities
to use in their decision making.

The frequency of exacerbations is another important outcome that should be consid-
ered in COPD pharmacological trials. The type of definition used for an exacerbation
can significantly affect trial outcomes to the extent that any observed treatment benefit
may vary. A general definition such as the one described earlier, “an exacerbation
of COPD is an increase in respiratory symptoms over baseline that usually requires
medical intervention” may be more applicable. However, each exacerbation should be
classified according to a severity scale.

At this time, no surrogate marker of COPD or its exacerbations has been identified, or
at least validated, other than FEV,. Thus, consideration should be given about including
potential surrogate markers as secondary endpoints in future clinical trials. This may lead
to the identification of biomarkers that correlate with clinical outcome. Generation of
such data may also help in the development of new hypotheses for future clinical trials.

Based on the rate of disease progression and the frequency of exacerbations, it is
now recognized that pharmacological trials in stable COPD should be 6 months or
longer in order to examine potential outcomes or support claims of treatment response,
particularly for regulatory submissions. A minimum clinically important difference
between a treated and an untreated group in either a cross-sectional or cohort study
may not be observed with short-term treatment, bearing in mind the slow progression
of COPD as measured by FEV . A longitudinal randomized controlled trial design may
prove to be more useful for investigating clinical outcomes such as FEV, and deter-
mining the effect of treatment. Such a design would be applicable in pharmacological
trials that use the change in frequency of COPD exacerbations as their principal out-
come. In this case, the trial length would be at least 1 year to account for the observed
seasonal variation of these exacerbations.

The use of a placebo-controlled trial would be also important to capture both the natu-
ral history of COPD and the effect of active treatment. However, certain investigators
or countries may consider this type of trial unethical since they believe that all patients
should have access to some existing treatment such as a bronchodilator. Since all known
pharmacological treatments appear to provide symptomatic relief rather than an alteration
in disease progression, a long-term placebo-controlled clinical trial would be scientifically
and ethically justified for investigating outcomes and treatments in COPD.
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Key Points:

e COPD is a highly prevalent, under-diagnosed, under-treated and under-perceived
disease.

e COPD is a multicomponent disease.

* COPD is a treatable disease.

» Therapy is effective for the respiratory manifestations of COPD.
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Introduction

The development of guidelines as a tool to provide healthcare deliverers with reliable
applicable information related to single diseases, or specific areas of those diseases, was
initially based on expert opinion. More recently, the generation of guidelines has relied
on the strength of the evidence used to back the statements presented. However, it is fair
to say that most of the elements contained in many of the guidelines still depend on the
opinion of leaders in the field as well as the distilling of information that may not entirely
be amenable to the grading of the evidence. Guidelines for the diagnosis and treatment
of Chronic Obstructive Pulmonary Disease (COPD) have not escaped that reality and
the most recent ones produced by the American Thoracic and the European Respiratory
Societies as well as the Global Initiative for Obstructive Lung Disease or GOLD guidelines
have utilized a blend of evidence and expert opinion with the aim of providing practitioners
and healthcare workers with information that is easy to access and use. As the field has
evolved rapidly, so have the guidelines and many of the concepts presented here will
change as new information is gathered and incorporated into every day practice.

In this chapter, I review the salient features of the guidelines that relate to the com-
prehensive management of patients with COPD allowing then the specific chapters
devoted to individual therapies to more exhaustively present the specific material
addressed in each one of them.

Perhaps the greatest change in COPD has occurred in its definition. COPD has
been re-defined by recent guidelines as: “A preventable and treatable disease state
characterized by airflow limitation that is not fully reversible. The airflow limitation
is usually progressive and associated with an abnormal inflammatory response of the

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis
and Clinical Management, Respiratory Medicine, DOI 10.1007/978-1-59745-357-8_5,
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lungs to noxious particles or gases, primarily caused by cigarette smoking. Although
COPD affects the lungs, it also produces significant systemic consequences” [1, 2].

This definition changes the paradigm that characterized older ones from previous
guidelines [3, 4] in two important aspects. First, it presents a positive attitude towards
the disease, and secondly, it highlights a salient feature of COPD, its frequent expres-
sion of systemic manifestations. This chapter summarizes the recent advances in the
comprehensive management of this disease as advised by the guidelines, provides the
evidence that patients with COPD respond to treatment, and that the treatment is effec-
tive in more than one outcome of importance to patients.

COPD Is Highly Prevalent, Under-Diagnosed,
Under-Treated and Under-Perceived

COPD affects millions of individuals, limits the functional capacity of many of them,
and has become an important cause of death world-wide. Although preventable, COPD
has a long sub-clinical phase. Once symptoms develop, COPD usually results in
progressive dyspnoea, at even lower levels of exercise, gas exchange imbalance, and
respiratory failure [1—4]. In the end, death can occur either from respiratory failure or
from frequently associated co-morbidities such as heart disease and lung cancer [5-7].
The estimated prevalence of COPD varies from 7% to 19% in several well-conducted
studies around the world [8—13]. It is a disease that is increasing in women and if we
assume the lowest prevalence, the total number of cases of COPD in the world approxi-
mates 280 million persons. Unfortunately, COPD remains largely under-diagnosed [14,
15]. Finally, due to many possible reasons patients under-perceive the magnitude of
their problem and accept the limitations associated with disease progression as natural
for a person who has smoked [16].

COPD a Multicomponent Disease

The airflow obstruction of COPD, as expressed by the forced expiratory volume in 1 s
(FEV)) is, by definition, only partially reversible [1, 2]. In a paradoxical way, we have used
this defining physiology as the outcome to determine the effectiveness of interventions. It
is no surprise that the lack of large response in FEV, to different therapies [17-26] has
resulted in an undeserved nihilism. There is increasing evidence that independent of the
degree of airflow obstruction, lung volumes are important in the genesis of the symptoms
and limitations of patients with more advanced disease. A series of elegant studies have
demonstrated that dyspnoea perceived during exercise, including walking, more closely
relates to the development of dynamic hyperinflation than to changes in FEV, [27-31].
Further, the improvement in exercise brought about by several therapies including bron-
chodilators, oxygen, lung reduction surgery, and even rehabilitation is more closely related
to delaying dynamic hyperinflations than by changing the degree of airflow obstruction
[27-30, 32]. Casanova et al. showed that hyperinflation, expressed as the ratio of inspira-
tory capacity to total lung capacity (IC/TLC) predicted survival better than FEV | [33]. This
provides us not only with new insights into pathogenesis, but also opens the door for new,
imaginative ways to alter lung volumes and perhaps impact on disease progression.

That COPD may be associated with important systemic expressions in patients
with more advanced disease is now accepted [1, 5, 34]. Perhaps as a consequence of
a persistent systemic inflammatory state or due to other yet unproven mechanisms
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such as imbalanced oxidative stress or abnormal immunological response the fact is
that many patients with COPD may have decreased free fat mass, impaired systemic
muscle function, anemia, osteoporosis, depression, pulmonary hypertension, and cor-
pulmonale, all of which are important determinants of outcome. Indeed, dyspnoea
measured with a simple tool such as the modified medical research scale (MMRC)
[35], the body mass index (BMI) obtained by dividing the weight in kilogram by the
height in meters squared (kg/m?) [36, 37], and the timed walked distance in 6 min or
6MWD [38, 39] are all better predictors of mortality than the FEV . The incorporation
of these variables into the multidimensional BODE index predicts survival even better
[5]. The index is also responsive to exacerbations [40] and more importantly act as a
surrogate marker of future outcome after interventions [41] thus providing clinicians
with a useful tool to help determine a comprehensive severity of disease. Several chap-
ters in this book more amply detail each of these concepts.

Based on the multidimensional nature of the disease and the availability of multiple
effective therapies, the approach shown in Fig. 5.1 may more accurately help clinicians
evaluate patients and choose therapies than the current approach of using primarily the
FEV,% from reference values. This novel approach is not yet part of any guidelines
but is presented as a proposal as all guidelines agree that the evaluation of the nonpul-
monary expressions of the disease is an important component in the comprehensive
management of patients.

All patients

Educate patient

(BMLFEV %, MMRC, 6MWD)
Follow over time

(Spirometry)
Healthy lifestyle If smoking ) ]
Immunizations Smoking cessation
FEV,/FVC<0.7
FEV,>80 %
predicted FEV,<80 %
predicted
[
At risk BODE index

BODE = 0-2 BODE = 3-4 BODE = 5-6

BODE = 7-10
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Mild
Treat obstruction
Educate patient
Monitor response

Moderate Severe

Treat obstruction
Educate patient
Monitor response

Consider
Rehabilitation

Treat obstruction
Educate patient
Monitor response
Assess gas exchange

Very Severe
Treat obstruction.
Educate patient
Monitor response

Assess and treat hypoxemia

Rehabilitation

Evaluate for
Lung volume reduction
or
Lung transplant

Fig. 5.1. Schematic algorithm to approach patients with chronic obstructive pulmonary disease (COPD). The eval-
uation of the multiple domains using simple validated tools can better help stage the global severity of the disease.
This will help choose the best therapeutic options. F'VC forced vital capacity, FEV, forced expiratory volume in 1 s,

BMI body mass index, MMRC modified medical research council dyspnoea scale, 6MWD 6 min walk distance
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COPD, a Treatable Disease

Current evidence suggests that smoking cessation [6], long-term oxygen therapy
in hypoxemic patients [42, 43], mechanical ventilation in acute respiratory failure
[44-46], and lung volume reduction surgery for patients with upper lobe emphysema
and poor exercise [47] capacity improve survival. The TORCH study in over 6,000
patients showed that the combination of salmeterol and fluticasone not only improved
lung function and health status but that the relative risk of their dying over the 3 years
of the study decreased by 17.5% [48]. Other therapies such as pulmonary rehabilita-
tion and lung transplant improve symptoms and the quality of a patient’s life, once the
diagnosis has been established [1, 2, 49, 50]. All of these modalities of therapies and
their effect are summarized in Table 5.1.

Therapy Is Effective for the Respiratory Manifestations of COPD

The overall goals of treatment of COPD are to prevent further deterioration in lung
function, alleviate symptoms, treat complications, and prevent mortality [1, 3]. Once
diagnosed, the patient should be encouraged to actively participate in disease man-
agement. This concept of collaborative management may improve self-reliance and
esteem. All patients should be encouraged to lead a healthful lifestyle and exercise
regularly. Preventive care is extremely important at this time and all patients should
receive immunizations, including pneumococcal vaccine and yearly influenza vaccines
[1, 3]. This comprehensive approach is summarized in Fig. 5.1.

Smoking Cessation and Decreased Exposure to Biomass Fuel

As smoking is the major cause of COPD, smoking cessation is the most important com-
ponent of therapy for patients who still smoke [1, 3] and should be provided to all patient

Table 5.1 Effective therapies available for patients with stable chronic obstructive
pulmonary disease.

Improve patient centered

Improve survival May improve survival outcomes

Smoking cessation Pharmacotherapy with Pharmacotherapy
salmeterol and Short-acting bronchodilators
fluticasone Long-acting anti-muscarinics

Long-acting beta-agonists
Inhaled corticosteroids
Theophylline
Alpha-1-antitrypsin for
selected patients
Antibiotics for selected

patients
Lung volume reduction Pulmonary rehabilitation Oxygen therapy
surgery for selected
patients
Noninvasive ventilation for Surgery
acute chronic hypercapneic Lung volume reduction
ventilatory failure Lung transplant

Pulmonary rehabilitation
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who smoke. Because second hand smoking is known to damage lung function, limitation
of exposure to involuntary smoke, particularly in children, should be encouraged.
The factors that cause patients to smoke include: the addictive potential of nicotine,
conditional responses to stimuli surrounding smoking, psychosocial problems such as
depression, poor education and low income, and forceful advertising campaigns. As the
causes that drive the patient to smoke are multifactorial, smoking cessation programs
should also involve multiple interventions. The clinician should always participate in
the treatment of smoking addiction because a physician’s advice and intervention, and
use of the appropriate medications including nicotine patch, gum, or inhalers, bupro-
pion, and vernecicline help determine successful results [51-54]. The significant bur-
den of COPD in patients exposed to biomass fuel in certain areas of the world should
improve by changing the more efficient and less polluting sources of energy.

Pharmacological Therapy of Airflow Obstruction

Many patients with COPD require pharmacological therapy. This should be organized
according to the severity of symptoms, the degree of lung dysfunction, and the toler-
ance of the patient to specific drugs [1, 3]. A step-wise approach similar in concept to
that developed for systemic hypertension may be helpful since medications alleviate
symptoms, improve exercise tolerance and quality of life and may decrease mortality.
Tables 5.1-5.3 provide a summary of the evidence supporting the effect of individual
and combined therapies on outcomes of importance to patients with COPD.

Bronchodilators

Several important concepts guide the use of bronchodilators. In some patients, the
changes in the FEV, may be small and the symptomatic benefit may be due to other
mechanisms such as a decrease in the hyperinflation of the lung [55, 56]. Some
older COPD patients cannot effectively activate metered dose inhalers (MDI), and
we should work with the patient to help him/her achieve mastery of the MDI. If this
is not possible, use of a spacer or nebulizer to facilitate inhalation of the medication
will help achieve the desired results. Mucosal deposition in the mouth will result in
local side effects (i.e., thrush with inhaled steroids) or general absorption and its
consequences (i.e., tremor after beta-agonists). Finally, the inhaled route is preferred

Table 5.2 Effect of individual pharmacological agents on important outcomes of patients with chronic

obstructive pulmonary disease.

Disease
Lung Exercise = modifier Side
FEV, volume Dyspnoea QoL AE endurance by FEV, Mortality effects
Albuterol Yes (A) Yes(B) Yes(B) NA NA Yes (B) NA NA Some
Ipratropium  Yes (A) Yes(B) Yes(B) No(B) Yes(B) Yes(B) No NA Minimal
bromide
Long acting Yes (A) Yes(A) Yes(A) Yes(A) Yes(A) Yes(B) No NA Minimal
beta-ago-
nists
Tiotropium  Yes (A) Yes (A) Yes(A) Yes(A) Yes(A) Yes(A) NA NA Minimal
Inhaled corti- Yes (A) NA Yes (B)  Yes (A) Yes(A) NA No No Some
costeroids
Theophylline Some (A) Yes (B) Yes (A) Yes(B) NA Yes (B) NA NA Important

Level of evidence: A more than one randomized trial; B limited randomized trials, NA not available
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Table 5.3 Effect of some combined pharmacological agents on important outcomes of patients with
chronic obstructive pulmonary disease.

Salmeterol +
Theophylline

Formoterol +
Tiotropium

Salmeterol +
Fluticasone

Formoterol +
Budesonide

Tiotropium +
Salmeterol +
Fluticasone

Disease
Lung Exercise = Modifier Side

FEV, volume DyspnoeaQoL AE endurance by FEV, Mortality Effects
Yes (B) NA Yes (B) Yes (B) NA NA NA NA Some
Yes (A) NA Yes (B) Yes (B) NA NA NA NA Minimal
Yes (A) Yes (B) Yes(A) Yes(A) Yes(A) Yes (B) Yes Some Some
Yes (A) NA Yes (A) Yes (A) Yes (A) NA NA NA Minimal
Yes (A) NA Yes (B) Yes (A) Yes(A) NA NA NA Some

Level of evidence:

A more than one randomized trial; B limited randomized trials; NA not available

over the oral administration [1, 3], and long-acting bronchodilators are more effective
than short-acting ones [1, 2].
The currently available bronchodilators include the following.

Beta-agonists: These drugs increase cyclic adenosine monophosphate (AMP) within
many cells and promote airway smooth muscle relaxation. Other nonbronchodilator
effects have been observed but their significance is uncertain. In patients with mild inter-
mittent symptoms, it is reasonable to initiate drug therapy with an MDI of a short-acting
beta-agonist as needed for relief of symptoms [1, 2]. In patients with persistent symptoms,
the use of long-acting beta-agonists [1, 2, 57-60] twice daily is indicated. They prevent
nocturnal bronchospasm, increase exercise endurance, and improve quality of life. The
safety profile of Salmeterol in the TORCH trial [48] is reassuring to clinicians who fre-
quently indicate selective long-acting beta-agonists to their patients with COPD.

Anticholinergics: These drugs act by blocking muscarinic receptors that are known
to be functional in COPD. The appropriate dosage of the short-acting ipratropium
bromide is 2—4 puffs 3 or 4 times a day, but some patients require and tolerate larger
dosages [1, 3]. The therapeutic effect is a consequence of a decrease in exercise-induced
increased lung inflation or dynamic hyperinflation [28]. The long-acting Tiotropium is
very effective in inducing prolonged bronchodilation [18, 21] and decreased lung vol-
ume [55] in patients with COPD. In addition, it improves dyspnoea, decreases exacer-
bations [61], and improves health-related quality of life when compared to placebo and
even to ipratroprium bromide. Furthermore, the effect of tiotropium on lung function
is improved when added to another bronchodilator such as a long-acting beta2-agonist
[62]. However, the results of the large UPLIFT trial evaluating the potential role of
Tiotropium as a disease-modifying agent [63] did not demonstrate a long-term effect
of tiotropium on the decline of lung function but demonstrated significant effects on
reducing exacerbations and improving health status [63]. Currently, tiotropium repre-
sents a first-line agent for patients with persistent symptoms.

Phosphodiesterase Inhibitors: Theophylline is a nonspecific phosphodiesterase
inhibitor that increases intra-cellular cyclic AMP within airway smooth muscle. The
bronchodilator effects of these drugs are best seen at high doses where there is also a
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higher risk of toxicity. Its potential for toxicity has led to a decline in its popularity.
Theophylline is of particular value for less-compliant or less-capable patients who
cannot use aerosol therapy optimally. The previously recommended therapeutic serum
levels of 15-20 mg/dL are too close to the toxic range and are frequently associated
with side effects. Therefore, a lower target range of 8—13 mg/dL is safer and still
therapeutic in nature [1, 3]. The combination of two or more bronchodilators (theo-
phylline, albuterol, and ipratropium) has some logical rationale as they seem to have
additive effects and can result in maximum benefit in stable COPD [2, 64, 65]. A pos-
sible action of theophylline in the gene expression of events central to inflammation in
COPD [66] deserves further investigation.

The specific phosphodiesterase E4 inhibitors such as roflumilast may have an anti-
inflammatory effect but less gastrointestinal irritation and thus may prove extremely
useful if their theoretical advantages are clinically confirmed. The first 6-month stud-
ies show modest bronchodilation effects and some effect on quality of life [67, 68].
More recently, two one-year studies confirmed the effects of roflumilast on reducing
exacerbations and improving lung function in patients with severe COPD.

Anti-inflammatory Therapy

In contrast to their value in asthma management, anti-inflammatory drugs have not
been documented to have a significant role in the routine treatment of patients with
stable COPD [1, 2]. Cromolyn and nedocromil have not been established as useful
agents although they could possibly be helpful if the patient has associated respira-
tory tract allergy. One study using monoclonal antibody against interleukin-8 [69]
and another one against tumor necrosis factor alpha [70] failed to detect any response.
However, patients were selected according to the degree of airflow obstruction and not
based on the presence or level of the specific targeted molecule. The groups of leucot-
riene inhibitors that have proven useful in asthma have not been adequately tested in
COPD, so a final conclusion about their potential use cannot be drawn.

Corticosteroids: Glucocorticoids act at multiple points within the inflammatory cas-
cade although their effects in COPD appear more modest than in bronchial asthma.
In outpatients, exacerbations necessitate a course of oral steroids as we will discuss
later in the monograph but it is important to wean patients quickly as the older COPD
population is susceptible to complications such as skin damage, cataracts, diabetes,
osteoporosis, and secondary infection. These risks do not accompany standard doses
of inhaled corticosteroid aerosols, which may cause thrush but pose a negligible risk
for other outcomes such as cataract and osteoporosis. Several large multicenter trials
evaluated the role of inhaled corticosteroids in preventing or slowing the progressive
course of symptomatic COPD [23, 24, 71-73]. The results of these earlier studies
showed minimal, if any, benefits in the rate of decline of lung function. On the other
hand, in the one study where it was evaluated, inhaled fluticasone decreased the rate of
loss of health-related quality of life and the exacerbations [23]. In addition, its regular
use was also associated with a decreased rate of exacerbations. Recent retrospective
analyses of large databases suggesting a possible effect of inhaled corticosteroids on
improving survival [74, 75] was not confirmed in the TORCH trial where the inhaled
corticosteroid only arm did not show improved survival compared with placebo
whereas the combination arm was significantly more effective than ICS alone [48].
In that trial, the combination was superior in terms of all outcomes evaluated. This
coupled with the more frequent development of investigator associated pneumonia in
the patients receiving ICS suggests that ICS should not be prescribed alone but rather
associated with a long-acting beta-agonist [48].
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Combination Therapy

All the studies that have explored the value of combination of different agents have
shown significant improvements over single agents alone and it may be time to think
of it as first line therapy (Table 5.3). Initially, the inhaled combination of ipratroprium
and albuterol proved effective in the management of COPD [26]. More recently, the
combination of tiotropium and fromoterol, even when administered once daily, was
almost as effective as the administration of tiotropium once daily and the recom-
mended twice a day dose of formoterol [62]. Similarly, the combination of theophyl-
line and salmeterol was significantly more effective than either agent alone [22]. The
TORCH study showed an effect of the salmeterol/fluticasone combination on survival,
FEV,, exacerbation rate, and quality of life compared with placebo and either of the
single components [48], confirming earlier studies that evaluated the combination of
beta-agonists and corticosteroids [76—78]. A recent trial compared tiotropium plus
placebo with tiotropium plus salmeterol and with tiotropium plus the combination of
salmeterol and fluticasone in over 400 patients [79]. Although the primary outcome,
the exacerbation rate, was similar among the groups, the number of hospitalizations,
health-related quality of life, and lung function was significantly better in the group
receiving tiotropium plus salmeterol and fluticasone.

Pending economic considerations, once symptoms become persistent, therapy
should begin with a long-acting anti-muscarinic agent such as tiotropium or long-
acting beta-agonists twice daily. Once a patient reaches an FEV, lower than 60%
predicted, and continues to be symptomatic, the evidence from the TORCH trial sup-
ports the addition of the combination of ICS and LABA. Continuation of tiotropium is
reasonable, given its effectiveness and safety record. I believe that all the trials support
the concept that intense and aggressive therapy does modify the course of the disease,
including rate of decline of FEV, as was shown in the TORCH study [48].

Mucokinetic

These drugs aim to decrease sputum viscosity and adhesiveness in order to facilitate
expectoration. The only controlled study in the USA suggesting a value for these
drugs in the chronic management of bronchitis was a multicenter evaluation of organic
iodide [80]. This study demonstrated symptomatic benefits. Oral acetylcysteines are
favored in Europe for their anti-oxidant effects. A large trial that was recently reported
failed to document any substantial benefit [81]. Genetically engineered ribonuclease
seems to be useful in cystic fibrosis, but is of no value in COPD [1, 2].

Antibiotics

In patients with evidence of respiratory tract infection, such as fever, leukocytosis, and
a change in the chest radiograph, antibiotics have proven effective [82—85]. If recurrent
infections occur, particularly in winter, continuous or intermittent prolonged courses of
antibiotics may be useful [86]. The major bacteria to be considered are Streptococcus
pneumoniae, Hemophilus influenzae, and Moraxella catarrhalis. The antibiotic choice
will depend on local experience, supported by sputum culture, and sensitivities if the
patient is moderately ill or needs to be admitted to hospital [1, 2].

Alpha 1-Antitrypsin

Although supplemental weekly or monthly administration of this enzyme may be indi-
cated in nonsmoking, younger patients with genetically determined emphysema, in prac-
tice such therapy is difficult to initiate. There is evidence that the administration of alpha-1
antitrypsin is relatively safe [1, 3, 87, 88]. Although not entirely clear, the most likely
candidates for replacement therapy would be patients with mild to moderate COPD.
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Vaccination

Ideally, infectious complications of the respiratory tract should be prevented in patients
with COPD by using effective vaccines. Thus, routine prophylaxis with pneumococcal
and influenza vaccines is recommended [12, 89, 90].

Lung Volume Reduction

Multiple operations have been tried in patients with COPD [91]. Of these, bullectomy
has proven useful in patients with large bullae and relatively preserved lung function.
Lung transplantation results in normalization of pulmonary function, improvement in
exercise capacity, and quality of life, but its effect on survival remains controversial
[92-95]. Several issues must be considered when evaluating a candidate for lung
transplantation including the patient’s pulmonary disability, projected survival without
transplantation, co-morbid conditions, and patient preferences. General guidelines
include that the patient be younger than 65 years, without any other medical condition
that could shorten predicted survival; not be addicted to substances such as alcohol,
drugs, or cigarettes; not have persistent bacterial or fungal infections; not have thoracic
malformations; or the need for high dose of corticosteroids. The presence of a high
BODE index helps facilitate the selection of candidates for transplant since they have
a very poor prognosis if left untreated [96].

The other surgical procedure that has received recent attention is pneumoplasty, or
lung volume reduction surgery (LVRS) [47, 97-103]. It is an alternative for selected
patients with severe inhomogeneous emphysema who remain symptomatic after opti-
mal comprehensive medical therapy. LVRS improves FEV, by close to 10%, with
larger improvements in exercise tolerance, dyspnoea, and health-related quality of life
[47, 101-103]. The effect on survival is larger in patients with inhomogeneous upper
lobe disease and limited exercise performance after rehabilitation [47, 104]. The recent
reports evaluating techniques capable of achieving lung volume reduction without the
surgical risk [104-106] open exciting new avenues. Indeed, the bronchoscopic place-
ment of one-way valves [107] or biological substances [108—110] capable of inducing
closure of emphysematous areas may add to an already exciting armamentarium to
treat selected patients with advanced COPD.

Therapies That Are Effective for the Nonrespiratory
Manifestations of COPD

The most exciting changes in the way we conceptualize COPD is the recognition of the
extra-pulmonary manifestations of COPD [5, 111, 112]. Some of the most important
advances in the therapy of COPD center around our capacity to impact on the disease
without having to necessarily alter the lung function. Two of the most proven forms
of therapy for COPD fall within this category; pulmonary rehabilitation and oxygen
therapy. If we add mechanical ventilation during exacerbations, the field is wide open
to explore even more exciting therapies.

Pulmonary Rehabilitation

Pulmonary rehabilitation is an essential component of the comprehensive management
of patients with symptomatic COPD [1, 2, 113—-120]. Patients with moderate to moder-
ately severe disease are preferred targets for treatment to prevent the disabling effects
of end-stage respiratory failure. The rehabilitation program should have resources
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available to teach and supervise respiratory therapy techniques such as oxygen, use
of inhalers and nebulizers, physical therapy (breathing techniques, chest physical
therapy, postural drainage), exercise conditioning (upper and lower extremity), and
activities of daily living (work simplification, energy conservation). Also desirable are
services to evaluate and advise on nutritional needs, and psychological, and vocational
counseling. Exercise training is the most important component of a pulmonary reha-
bilitation program. Maltais et al. [121] documented that the muscle biopsies of trained
patients, but not controls, manifested significant increases in all enzymes responsible
for oxidative muscle function. Pulmonary rehabilitation can change outcomes that
predict survival [122]. Indeed, in a recently reported observational study Cote et al.
[123] showed that rehabilitation improved the BODE score and the change in BODE
reflected outcome prognosis.

Supplemental Oxygen Therapy

The results of the Nocturnal Oxygen Therapy Trial (NOTT) and Medical Research
Council (MRC) studies showed that supplemental oxygen improves survival in hypox-
emic COPD [42, 43]. Other beneficial effects of long-term oxygen include reduction
in polycythemia, in pulmonary artery pressures, dyspnoea, hypoxemia during sleep,
sleep, and may reduce nocturnal arrhythmias. Importantly, oxygen can also improve
neuropsychiatric testing [124, 125] and exercise tolerance. [126—128]. The beneficial
effects of oxygen without necessarily changing the degree of airflow obstruction pro-
vide evidence that the disease can be modified without changing the rate of decline of
the FEV,.

Exacerbations

An exacerbation of COPD is an event in the natural course of the disease characterized
by a change in the patient’s baseline dyspnoea, cough, and/or sputum beyond day-to-
day variability sufficient to warrant a change in management [1, 3, 129, 130]. Care
must be taken to rule out heart failure, myocardial infarction, arrhythmias, and pul-
monary embolism, all of which may present with clinical signs and symptoms similar
to exacerbation of COPD. The pharmacological therapy of exacerbations is initiated
with the same therapeutic agents available for the chronic management of COPD [1,
3]. The most important agents include anticholinergic and beta-agonist aerosols by
nebulization. Several trials [131-133] have proven the usefulness of systemic cor-
ticosteroids. It is important to avoid prolonged (over 2 weeks) or high-dose therapy
as older patients are susceptible to severe complications such as psychosis, fluid
retention, and a vascular necrosis of bones. Antibiotics have been helpful in purulent
exacerbations of COPD [134]. The antibiotics used in severe exacerbation have to be
guided by knowledge of the prevalent pathogens in that area [1, 2]. Exacerbations are
to be prevented and treated aggressively because they have a prolonged and intense
effect on health-related quality of life and can result in accelerated loss of lung func-
tion [40, 135-137].

Ventilatory support should be considered if patients have persistent hypoxemia and/
or hypercapnia with low pH (<7.35) despite maximal medical therapy [1]. Several
randomized trials have shown that noninvasive positive pressure ventilation (NIPPV) is
beneficial in selected patients with respiratory failure, decreasing the need for invasive
mechanical ventilation and its complications, and possibly, improving survival [40—43].
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Certain conditions would make patients less likely to respond to NIPPV. These condi-
tions include respiratory arrest, medical instability (shock, cardiac ischemia), inability
to protect the airway, excessive secretions, agitation or uncooperativeness, cranio-facial
trauma, or deformity. However, the use of NIV in stable patients with COPD remains
debatable and not routinely recommended [138, 139].

Conclusion

Over the years, our knowledge about COPD and the capacity to treat it has increased
significantly. We now know that COPD is not just a disease affecting the lungs [140]
but that it has important systemic consequences [141]. Smoking cessation campaigns
have resulted in a decrease in smoking prevalence in the USA. Similar efforts in the
rest of the world should have the same impact. The widespread application of long-term
oxygen therapy for hypoxemic patients has resulted in increased survival. During this
time, we have expanded our pharmacological armamentarium to effectively improve
lung function and alter its rate of decline, exercise capacity, dyspnoea, quality of life,
and even survival. Several studies have documented the benefits of pulmonary reha-
bilitation. Noninvasive ventilation has benefited patients with acute chronic failure.
The revival of surgery for emphysema or, in the immediate future, endobronchial lung
volume reduction should provide an alternative to lung transplant for those patients with
severe COPD who are symptomatic even on maximal medical therapy. With all these
options a nihilistic attitude toward the patient with COPD is not justified. The evidence
presented by the guidelines supports a positive, aggressive, and constructive attitude.
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Pharmacological Therapy:
Bronchodilators

Nicola A. Hanania and Mario Cazzola

Key Points:

Bronchodilators play a pivotal role in the treatment of symptomatic patients with
chronic obstructive pulmonary disease (COPD).

Inhaled short-acting bronchodilators are currently recommended for rescue of
symptoms in patients with mild disease, while inhaled long-acting bronchodila-
tors are recommended as first-line agents for maintenance therapy in patients with
moderate and severe disease and those with daily symptoms.

Long-acting bronchodilators which include long-acting f3,-agonists and long-acting
anticholinergic agents improve symptoms, exercise tolerance, health status and
reduce exacerbations in patients COPD. However, they have no significant effects
on long-term decline in lung function or mortality.

The use of theophylline has declined in recent years because of its narrow therapeutic
index and should be reserved as a third-line option in patients with very severe disease.
When symptoms are not sufficiently controlled by the use of one bronchodilator,
combining bronchodilators of different classes may be a more effective approach.
Evidence supports the regular use of a combination of a long-acting 3,-agonist (LABA)
and a long-acting anti-cholinergic agent (LAAC) in patients with severe COPD.
Combining a long-acting 3,-agonist (LABA) with an inhaled corticosteroid has also
been shown to be more effective than the use of either agent alone.

Several novel bronchodilators are now in different stages of development for use
alone or in combination with other agents.

Keywords Albuterol « anti-cholinergics ¢ beta-agonists e bronchodilators e chronic
obstructive pulmonary disease  formoterol o ipratropium bromide ¢ salmeterol e
theophylline ¢ tiotropium

Introduction

Chronic obstructive pulmonary disease (COPD) is a multi-component disease char-
acterized by progressive airflow limitation and an inflammatory response of the lung,
principally caused by cigarette smoking. Progressive airflow limitation in COPD
has significant consequences which lead to deterioration of health status (Fig. 6.1).
As airflow obstruction is the mechanical hallmark of COPD, it would be expected

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis
and Clinical Management, Respiratory Medicine, DOI 10.1007/978-1-59745-357-8_6,
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Fig. 6.1. Consequences of airflow limitation in chronic obstructive pulmonary disease (COPD)

Table 6.1 Stepwise approach to the pharmacologic management of COPD and the posi-
tion of bronchodilators.

Severity Spirometric Findings Pharmacologic Intervention

Stage I: Mild FEV /FVC<70% Add a short-acting bronchodilator to be
FEV,280% used when needed; anticholinergic or

B3,-agonist

Stage II: Moderate FEV /FVC<70% Add one or more long-acting bron-

50% <FEV,<80% chodilators on a scheduled basis
Consider pulmonary rehabilitation

Stage III: Severe FEV /FVC<70% Add inhaled steroids if repeated
30% <FEV,<50% exacerbations

Stage IV: Very Severe ~ FEV /FVC<70% Evaluate for adding oxygen
FEV,<30% Consider surgical options

that as the level of airflow limitation increases, so too would the severity of symptoms.
By far, the most distressing symptoms for patients with COPD are dyspnoea and
the progressive inability to engage in activities of daily living. Furthermore, the risk of
acute exacerbation of COPD increases with the severity of airflow limitation caus-
ing further increase in morbidity from this disease. The main goals of management
of COPD are focused on relieving symptoms, improving health status, preserving
lung function decline, improving exercise performance, preventing exacerbations,
and decreasing mortality. The National Heart, Lung and Blood institute (NHLBI),
the Global Initiative for Obstructive Lund Disease (GOLD), the American Thoracic
Society (ATS), the British Thoracic Society (BTS) and the European Respiratory
Society (ERS) have published guidelines for the management of COPD (1—4). These
guidelines emphasize the comprehensive and stepwise approach to the management
of COPD and stipulate that all patients who are symptomatic merit a trial of pharma-
cologic intervention (Table 6.1). Bronchodilators are the mainstay of pharmacological
therapy for COPD and are recommended by current national, and international guide-
lines as first-line therapy in symptomatic patients and those who demonstrate airflow
limitation. Bronchodilators are given on as-needed basis or on a regular basis to
prevent or reduce symptoms. Short-acting agents are usually used for immediate relief
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of symptoms while long-acting inhaled agents are generally preferred and are more
convenient. Combinations of bronchodilators may improve efficacy and reduce risk of
adverse effects than increasing the dose of a single agent. This review will provide the
rationale for use and safety of bronchodilators in COPD.

Rationale for the Use of Bronchodilators in COPD

Bronchodilators work through their direct relaxation effect on airway smooth muscle
cells (Table 6.2). However, several issues need to be considered when assessing the
response to bronchodilator therapy. First, the lack of acute response to one class of
bronchodilator does not necessarily imply non-responsiveness to another. Donohue
and colleagues (5) reported that 73% of 813 COPD patients increased their forced
expiratory volume in 1 s (FEV,) by >12% or 200 mL following long-term salmeterol
treatment. However, 11% of patients showed a similar increase in FEV, following
acute administration of ipratropium, 27% following albuterol and 35% with both drugs
combined. One further consideration is that a patient’s FEV, response to acute bron-
chodilator therapy does not predict long-term response to bronchodilator therapy and
may vary from day to day. Calverley et al. (6) performed acute bronchodilator testing
using albuterol, ipratropium bromide, or a combination of the two on 660 COPD
patients who had been classified according to both European Respiratory Society
(ERS) and American Thoracic Society (ATS) spirometric criteria. Over the 2-month
study period, 55% of patients classified as irreversible under ATS criteria changed to
reversible status on at least one of the visits. In summary, the acute response to short-
acting bronchodilators is of limited value in deciding future response to long-acting
agents. In addition, studies that stratified patients as “responders” vs. “non-responders”
consistently demonstrate a similar trend in the response to the therapeutic agent being
investigated in both groups. In addition, to direct bronchodilator properties through
their effects on airway smooth muscles, bronchodilators such as beta-agonists and
theophylline may have several non-bronchodilator activities which may contribute to
their beneficial effects in COPD (7-11, 11-13).

The clinical efficacy of bronchodilators has traditionally been assessed by the
degree of improvement in forced expiratory volume in 1 s (FEV,). This, however, is
seemingly at odds with the poor correlations recognized between change of FEV, and
both dyspnoea and exercise performance. The change in lung volumes, such as inspira-
tory capacity (IC), correlates better than the change in FEV1 with change in symp-
toms, such as dyspnoea and exercise tolerance (14). This suggests that assessment of
bronchodilator treatment using indices of hyperinflation or air trapping may provide
a better indicator of efficacy (15). Although changes in lung volumes are independent

Table 6.2 Rationale for the Use of Bronchodilators in COPD.

(1) Physiologic Effects
(a) Airway smooth muscle relaxation
— Bronchodilation: Improve FEV1, lung volumes
— Decreased air trapping and dynamic hyperinflation
(b) Non-bronchodilator effects

(2) Clinical Effects
— | Breathlessness (| airway resistance, | hyperinflation)
— 1 Exercise tolerance (| dynamic hyperinflation)
— 1 Sleep quality (] nocturnal bronchospasm)
— 1 Health-related quality of life
— | Frequency of acute exacerbations
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of changes in FEV , several studies have demonstrated that the more sustained airway
patency offered by long-acting bronchodilators reduces air trapping (16, 17). Several
other outcome measures are now used to assess response to bronchodilator therapy. The
effects of commonly used bronchodilators on clinical outcomes in COPD are listed in
Table 6.3. COPD exacerbation is another important but occasionally overlooked param-
eter (18). COPD exacerbations are very common, affecting about 20% of patients with
moderate-to-severe COPD (1.3 events/year in patients with 40-45% predicted FEV1)
and contribute to the deterioration in health status. The use of long-acting beta-agonists
and long-acting anticholinergic agents reduce the frequency of exacerbation and sever-
ity of individual exacerbations (19-21). The effects of long-acting bronchodilators on
health status have been well documented in several clinical trials (19, 21-24). Recent
long-term studies including the Towards a Revolution in COPD Health trial (TORCH)
and the Understanding of Potential Long-term Impact on Function with Tiotropium
trial (UPLIFT) failed to demonstrate any significant long-term effect of long-acting
bronchodilators on decline in lung function or mortality (25, 26)

Current Bronchodilators in COPD

Three classes of bronchodilators — [3,-agonists, anticholinergics, and methylxanthines
— are currently available and can be used individually or in combination (Table 6.4).
The use of short-acting bronchodilators is currently advocated for rescue of symp-
toms while inhaled long-acting bronchodilators is recommended as the treatment of
choice for maintenance therapy.

Table 6.3 Summary of the effects of commonly-used bronchodilators on clinical outcomes in COPD.

Lung Exercise Decline in Lung Decrease
Bronchodilator FEV, volume Dyspnoea HRQoL endurance Function Mortality
Short acting B,-agonist Yes*  YesP Yes? - Yes® No No
Ipratropium bromide ~ Yes*  Yes® Yes? No® Yes® No No
Long acting B,-agonist Yes*  Yes® Yes? Yes* Yes® No No
Tiotropium Yes*  Yes® Yes® Yes® Yes® No No
Theophylline Yes*  Yes® Yes? Yes® Yes® No No
Bronchodilators

“Randomized clinical trial, substantial numbers of studies with large study populations

YRandomized clinic

al trial, few studies or studies with small study populations

Table 6.4 Available bronchodilators in chronic obstructive pulmonary disease (COPD).

Short-acting Long-acting Fixed Combination
B,-Agonists B,-Agonists (LABA) Brochodilator Combination
Albuterol (Salbutamol) Salmeterol Albuterol (Salbutamol) +
Pirbuterol Formoterol Ipratropium
Levalbuterol Arfi terol
P‘ra(;,?at :rglr © rrormotero LABA + Inhaled Corticosteroid
. Fluticasone + Salmeterol
Terbutal
erbutaline Budesonide + Formoterol
Beclomethasone + Formoterol
Mometasone + Formoterol
Anticholinergics Anticholinergic (LAMA)
Ipratropium Tiotropium
Oxitropium Methylxanthines

Theophylline
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B,-Adrenoceptor Agonists

Pharmacology

B,-agonists relax airway smooth muscles by binding to B,-receptors and inducing
structural changes that lead to the activation of G proteins and increase synthesis
of cyclic adenosine monophosphate (cAMP) (27). This results in bronchial smooth
muscle dilation. B,-agonists are delivered through the inhaled or oral route although
the latter is limited because of the increased risk of adverse effects. There are several
important pharmacological differences among the existing beta-agonists (27, 28).
First, is the onset of action which is similar with albuterol and formoterol (1-3 min)
while it is more prolonged in the case of salmeterol. This difference in onset of action
is related to the lipophilicity of each of these agents and their ability to activate the
beta-receptor in the aqueous phase (albuterol and formoterol). Albuterol has a short
duration of action lasting less than 6 h while the duration of action of salmeterol and
formoterol is approximately 12 h. These agents also differ significantly in their ability
to activate the B,-receptor (intrinsic efficacy) which is dependent on their affinity and
potency (27). While formoterol has a high intrinsic efficacy (strong agonist), albuterol
and salmeterol have a very low intrinsic efficacy (weak agonists). The clinical relevance
of this difference needs to be further explored in future trials.

Clinical Benefits

Short-acting [,-agonists have a rapid onset of action and are very effective for rescue
of symptoms in COPD. Albuterol is the most commonly used agent. In addition to
their bronchodilatory properties, these agents are effective in increasing mucociliary
clearance. A systematic review showed that regular use of short-acting beta-agonists
in COPD was associated with improvement in lung function and dyspnoea (29). The
two currently available LABAs — salmeterol and formoterol — have been shown signifi-
cantly to improve lung function, health status, and symptom reduction, compared with
both placebo (16, 30-32) and ipratropium (21, 33). In addition, because of formoterol’s
fast onset of action, it has a potential role as stand-alone medication or in combination
with another bronchodilator in the management of acute COPD exacerbation (34, 35)
and for use as a rescue and maintenance medication (36). A recent study demonstrated
a superior effect of formoterol compared to tiotropium bromide in improving FEV, in
the first 2 h after administration, however the area under the curve (AUC) FEV, over
12 h was similar between these two agents (37).

Several systematic reviews of LABAs reveal that these agents can reduce the rate of
COPD exacerbations(19, 38). In a study of 634 patients with COPD, the administra-
tion of salmeterol for 12 months improved health outcomes including exacerbations,
especially in patients who complied with therapy (39).

Role of Stereoisomers

The majority of currently used [,- agonists are racemic compounds which contain a
50-50 mixture of the R and S-isomers of the agonist. However, recently the R-isomer
for albuterol (levalbuterol) (40, 41) and the R,R-formoterol (arformoterol) are now avail-
able for use in COPD (42). Many of the pharmacological activity of the agonist usually
resides in the (R)-enantiomer, whereas the anomalous actions of racemic [3,-agonists are
now attributed to unsuspected properties of the (S)-enantiomer. In fact, recent data from
an in vitro study indicate that S,S-formoterol is not biologically inert, such as that in
racemic mixtures; it inhibited the beneficial effects of R,R,-formoterol on proliferation,
anti-inflammatory cellular surface marker expression, and cytokine secretion (43).
A recent trial investigating the efficacy and safety of several dose formulations of
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arformoterol nebulization solution demonstrated a significant and sustained improvement
in FEV, compared to placebo over 12 weeks (44).

Non-bronchodilator Effects of B,-Agonists

B,-agonists exert several non-bronchodilatory effects that may be of clinical rel-
evance (8, 9). These include inhibition of airway smooth muscle cell proliferation
and inflammatory mediator release, as well as non-smooth muscle effects, such as
stimulation of mucociliary transport (45), cytoprotection of the respiratory mucosa,
and attenuation of neutrophil recruitment and activation (9). However, many of these
effects have been described in vitro studies and in vivo studies are still needed to
fully explore these effects. More recently, the physiologic and clinical benefits of
long-acting f3,-agonists (LABA) have been shown to be enhanced when administered
in conjunction with inhaled corticosteroids (ICS) (46—49) which translate to clinical
benefits. ICS and LABA combination products have been shown to improve lung
function, symptoms, health status, and reduce exacerbations in patients with moderate
to severe COPD (50-53).

Anticholinergics

Pharmacology

Parasympathetic activity in the large and medium-size airways is mediated through
the M1 and M3 receptors and results in airways smooth muscle contraction, mucus
secretion, and possibly increased ciliary activity. Interestingly, M, receptors are
located on the postganglionic parasympathetic nerves and inhibit acetylcholine
release from the nerve terminals. Increased cholinergic tone is important in the
pathogenesis of COPD, contributing both to increased bronchial smooth muscle
tone and to mucus hypersecretion (54, 55). Thus, anticholinergics reduce airway
tone and improve expiratory flow limitation, hyperinflation, and exercise capacity in
patients with COPD. Two anti-cholinergic bronchodilators are currently available in
the United States for clinical use. The short-acting anticholinergic agent, ipratropium
bromide, acts on all three muscarinic receptors. Its short duration of action requires
dosing every 6 h.

Tiotropium is a relatively new anticholinergic agent which also binds to all three
receptor subtypes; however, it dissociates rapidly from M, receptors. In contrast, its
dissociation half-life from M, receptors is close to 35 h that results in a prolonged
bronchodilatory effect. Its peak bronchodilatory effect is in 1-3 h, and continues for
up to 32 h with a dip between 16 and 24 h related to circadian change. However, its
bronchoprotective effect against a bronchospastic agent continues up to 48 h (56).

Clinical Benefits

The short-acting ipratropium has for a long time been used as monotherapy or in com-
bination with albuterol in the maintenance therapy of COPD (15, 57, 58). However,
several studies have now shown that the use of long-acting bronchodilators is superior
in improving health outcomes. The use of tiotropium in patients with COPD results in
improved health status, dyspnoea, and exercise capacity, and reduced hyperinflation
and COPD-exacerbation rate in patients with moderate to severe COPD relative to
placebo (23, 59, 60) and ipratropium (24). Data from large long-term trials showed that
trough FEV | increased by 100-150 mL, and the peak FEV | increased by 150-200 mL
above trough level after inhalation of 18 pg of tiotropium. No loss of efficacy was
seen over the course of 1 year of regular treatment with tiotropium. Furthermore, in a
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multicenter Veterans Administration trial involving 1,829 patients with severe COPD,
the addition of tiotropium to other COPD therapies significantly reduced acute COPD
exacerbations and reduced COPD hospitalizations when compared to placebo (20).
Data from three more recent studies, specifically designed to explore the potential
differences between tiotropium and salmeterol, seem to indicate a greater efficacy of
tiotropium (61-63). More recently, data from the UPLIFT study (a large clinical trial
which evaluated the effect of tiotropium on the decline of lung function and other
outcomes over a 4-year period) demonstrated a significant effect of treatment with
tiotropium on improving lung function, reduction in exacerbations, and improvement
in health status compared to placebo treated patients(25). However, there was no effect
of tiotropium on decline lung function compared to placebo.

Non-bronchodilator Effects of Anticholinergics

Some non-bronchodilator effects for the existing anticholinergics have been reported
(64). Furthermore, results from a recent study performed on sputum cells obtained
from COPD patients demonstrate that muscarinic receptors may be involved in air-
way inflammation in subjects with COPD through acetylcholine-induced, ERK1/2-
dependent leukotriene B4 release (65). These results suggest that anticholinergic
therapy may contribute to reduced neutrophilic inflammation in COPD, however these
findings need to be further evaluated in human.

Methylxanthines

Pharmacology

Theophylline is a non-selective phosphodiesterase inhibitor that acts both as a weak
bronchodilator and a respiratory stimulant. It has been shown to improve diaphrag-
matic contractility and has some anti-inflammatory properties (10). Because of its
potential ability to activate the histone deacetylase (HDAC) system, theophylline may
have the ability of enhancing the effects of inhaled corticosteroids in patients with
COPD. However, because of its potential adverse effects and narrow therapeutic index,
it should only be used when symptoms persist despite optimal bronchodilator therapy.
Several studies have demonstrated the beneficial effects for theophylline when added
to other treatments in patients with COPD (66, 67).

Combination Therapies

Bronchodilator Combination Therapy
Current guidelines highlight the fact that for patients whose conditions are not control-
led with bronchodilator monotherapy, the use of a combination of more than one class
of bronchodilators may be more effective than the use of single agents with respect to
improvements in lung function, symptoms, and reducing the risk of adverse events. In
particular, the use of an inhaled anticholinergic with a ,-agonist seems to be a con-
venient way of delivering treatment and obtaining better results. Large studies have
demonstrated that the combination of the short-acting [,-agonist albuterol with the
short-acting anticholinergic ipratropium is superior to either single agent alone (68).
Some trials have highlighted that the addition of LABASs to ipratropium is more effec-
tive than either agent used alone (69, 70). In a 12-week trial, ZuWallack and colleagues
showed that salmeterol plus theophylline caused significantly greater improvements in
pulmonary functions and symptoms, compared with either single agent (71).
Considering that formoterol provides a greater degree of early bronchodilation
(in the first 2 h) than tiotropium and comparable bronchodilation over 12 h (37), the
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bronchodilator effect of single doses of formoterol 12 pg and tiotropium 18 pg, and
formoterol 12 pg+tiotropium 18 pg given together was examined in stable COPD (72).
Formoterol and tiotropium appeared complementary. Van Noord et al. (73) explored
these effects elicited by 6 weeks of treatment with tiotropium 18 g once daily in the
morning, formoterol 12 pg twice a day, and tiotropium 18 pg+formoterol 12 pg once
daily in the morning in patients suffering from moderate-to-severe COPD. Patients
receiving combination treatment had a greater improvement in FEV, and FVC com-
pared to those receiving the individual agents over 24 h. Tiotropium was superior to
formoterol for FEV | response over 0-12 h (owing to significant differences from 8 to
12 h), but the two treatments were not significantly different for FEV, over 12-24 h
or 0-24 h. Similar observation was documented from a more recently published
2-week study with tiotropium alone or tiotropium plus formoterol once- or twice-daily
following a 2-week pretreatment period with tiotropium. In this study, the use of an
additional evening dose of formoterol had clear added benefit compared to once a day
formoterol (74).

LABA +1Inhaled Corticosteroid Combination Therapy

The physiologic and clinical benefits of LABAs have been shown to be enhanced when
administered in conjunction with inhaled corticosteroids (ICS) (26, 75). A study of
fluticasone propionate 250 mcg and salmeterol 50 mcg showed improvement in lung
function in patients with COPD, compared with monotherapy (50). Other studies have
shown a reduction in exacerbation rate with combination therapy compared with single
drug therapy or placebo (26, 52, 53). In two studies comparing ipratropium/albuterol
given four times daily with fluticasone 250 mcg/salmeterol 50 mcg given twice daily, a
significant difference in improvement in dyspnoea scores was seen among the two treat-
ment groups (76, 77). The TORCH study investigated the role of fluticasone propionate/
salmeterol combination therapy on all-cause mortality in a large cohort of patients with
COPD over 3 years. While all-cause mortality was not significantly reduced with this
combination therapy compared to placebo, there were significant reduction in moder-
ate and severe exacerbations and improvement in health status compared to placebo.
Furthermore, the exacerbation reduction in the combination group was significantly
higher than that seen with monotherapy with inhaled fluticasone or salmeterol(26).

Anticholinergic + Inhaled Corticosteroid Combination Therapy

Emerging evidence from in vitro studies suggests an interaction between corticosteroid
and muscarinic receptors which may provide a rationale for use of anticholinergic/
corticosteroid combination therapies(48). Short-term trials suggest an additive effect
for the administration of such medications in more severe patients with COPD (78)
(79). However, the long-term clinical effects of such interaction need to be investigated
in future clinical trials.

Delivering Bronchodilators to the Lung

To achieve maximal benefit, a bronchodilator must be correctly delivered to the airway
using a proper technique. Inhaled bronchodilators have traditionally been delivered to
the lung using a metered dose inhaler (MDI). However, a significant number of patients
with COPD cannot effectively coordinate their breathing using an MDI. This problem
may be remedied by the use of dry-powder devices (DPIs), an MDI with a spacer
device, or a nebulizer. The chlorofluorocarbon propellants used in MDIs are currently
being phased out and will eventually be replaced by hydrofluoroalkane propellants.
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However, the reformulation of some bronchodilators using this propellant may be dif-
ficult, and thus DPIs are likely to become more popular in the years to come. DPIs are
either single-dose, multi-dose, or reservoir devices that are breath-activated. It is important
to mention that even the use of DPIs may not be very simple for some patients and may
also be misused especially in the elderly (80). Therefore, when prescribed an MDI or
DPI, elderly patients with COPD require more training and reinforcement than younger
individuals (81).

Nebulizers require little patient cooperation, and can be used at any age for any
disease severity or acuity (82). In addition, the use of nebulizer allows the delivery
of larger doses of bronchodilator to the airway, especially during acute episodes
of bronchospasm, and the combination of more than one bronchodilator for simul-
taneous administration. In fact, many patients prefer using a nebulizer over other
devices. This was clearly shown in one questionnaire study of patients receiving
home nebulizer treatment, which found that the majority of patients using a nebulizer
reported increased feeling of personal well-being, better symptom control, increased
confidence, and a greater perception of independence (83). Small-volume nebulizers
are powered by a jet of compressed air to aerosolize the drug, whereas ultrasonic neb-
ulizers utilize a vibrating crystal. A new generation of low-volume nebulizers which
utilize a mesh or a multiple-aperture plate will potentially be more efficient in delivering
bronchodilators because they have better deposition characteristics and waste little
drug with minimal residual (84).

The results of a systematic review of 59 randomized controlled trials in which the
same drug (bronchodilator or inhaled corticosteroid) was delivered using different
delivery devices (MDI with or without a spacer, DPI, or a nebulizer) in patients with
asthma or COPD were recently published. There were no differences in the efficacy
outcomes (lung function or symptoms) in any patient groups between these devices
(85). This review concludes that “for the treatment of COPD in the outpatient setting,
the MDI, with or without spacer/holding chamber, the nebulizer, and the DPI were all
appropriate for the delivery of inhaled [3,-agonists and anticholinergic agents.”

Safety of Bronchodilator Therapy in COPD

While the safety of long-acting [3,-agonists as monotherapy in asthma has recently
been questioned (86), the use of these medications in COPD has generally been
described as safe. In general, short-acting [3,-agonists are well tolerated, except for
occasional episodes of tachycardia and tremor. It has been reported that the continued
use of 3,-agonists may be associated with an increase in cardiovascular risks compared
to placebo (87). However, a meta-analysis (N=2,853) of data from seven clinical tri-
als examining the effects of salmeterol in patients with COPD showed no clinically
significant difference in the incidence of cardiovascular events between salmeterol
and placebo (88). A more recent systematic review which included other long-acting
B,- agonists revealed similar results (89). It has also been suggested that tolerance to
the bronchodilator effects of long-acting B,- agonists (LABAs) may occur with their
prolonged use in COPD (61, 90). However a study examining the bronchodilator effect
of long-term use of salmeterol demonstrated a sustained bronchodilator effect for sal-
meterol administered for 6 months (32). Data from the TORCH study also suggest that
3-year chronic use of salmeterol as monotherapy in patients with COPD produced no
increase in mortality as was suggested by the SMART trial in patients with asthma(26).
Nevertheless, B,-agonists should be used with caution in patients with underlying
cardiac disorders including ischemic heart disease (87, 91).
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While the use of anticholinergics may be associated with class side effects, such
as dry mouth, an increased risk of glaucoma, and urinary retention. However, when
used in recommended doses, currently used agents are generally safe as the quaternary
nitrogen atom prevents them from being systemically absorbed. These agents should
also be used with caution in patients with bladder neck obstruction due to prostatism,
and patients with glaucoma. The long-term safety of tiotropium over 4 years was
investigated in the UPLIFT study (25). This study showed no cardiovascular risks from
the use of tiotropium over 4 years. Furthermore, a recent meta-analysis which included
more than 19,000 subjects with COPD revealed that tiotropium was associated with a
reduction in the risk of all-cause mortality, CV mortality, and CV events (92).

Theophylline is associated with tremors and nausea, and less frequently with car-
diac arrhythmias and seizures (93). The risk of such adverse events can be reduced by
monitoring the drug’s plasma levels and reducing the dose accordingly.

Novel Bronchodilators

Several new bronchodilators are currently being studied in ongoing clinical trials that
may improve the future treatment of COPD(94) (Table 6.5). The current opinion is that
it will be advantageous to develop inhalers containing combination of several classes
of long-acting bronchodilator drugs in an attempt to simplify treatment regimes as
much as possible. Other agents include [B,-agonists, which can be administered once a
day or through nebulization, PDE, inhibitors, and other combination agents.

Novel B,-Agonists

A variety of beta-agonists with longer half lives are currently under development with
the hopes of achieving once daily dosing (95). These isomeric preparations are hypoth-
esized to have fewer side effects than the existing LABAs.

Once-daily B,-adrenoceptor agonists (ultra LABAs), such as carmoterol, inda-
caterol, milveterol, vilanterol, olodaterol, LAS-100977, PF-00610355, are under

Table 6.5 Novel bronchodilators under development.

Novel B,-agonists +
Novel B,-agonists Novel Anticholinergics PDE4 inhibitors Novel Anticholinergics

Indacaterol Glycopyrronium (NVA-  Roflumilast Indacaterol + NVA-237
237) (QVA-149)
Carmoterol Aclidinium Cilomilast Carmoterol + tiotropium
Milveterol Darotropium bromide AWD12-281 Olodaterol + tiotropium
(GSK842470)
Vilanterol GSK-573719 NVP-ABE171 Formoterol + aclidinium
Olodaterol TD-4208 GRC-3886 Formoterol + glycopyr-
rolate

LAS-100977 CHF 5407 V11294 Vilanterol + GSK-573719
PF-00610355 QAT370 HTO0712

BEA-2180BR Tetomilast

Trospium Tofimilast

Dexpirronium GSK256066

PF-3715455 or
PF-3635659
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development for the treatment of COPD. Indacaterol recently received approval for
once daily use by the European Union. It is likely that once-daily dosing of a LABA
will lead to enhancement of compliance with therapy and may have advantages leading
to improved overall clinical outcomes in patients with COPD.

Novel Anticholinergics

Several new long-acting anticholinergic agents are under development and these include
glycopyrronium (NVA-237), aclidinium, darotropium bromide, GSK-573719, TD-4208,
CHF 5407, QAT370, BEA-2180BR, trospium, dexpirronium, and PF-3715455 or
PF-3635659. Although clinical details are still not available, potential advantages of such
agents over tiotropium may include a quicker onset of action and a better safety profile.

Phosphodiesterase-4 Inhibitors

PDE-4 metabolizes cAMP in airway smooth muscle cells and many inflammatory cells
which play a major role in the inflammatory cascade of COPD. A number of PDE-4
inhibitors, some to be used by inhalation, are currently in various stages of develop-
ment (roflumilast, cilomilast, AWD12-281 (GSK842470), NVP-ABE171, GRC-3886,
V11294, HT0712, tetomilast, tofimilast, GSK256066). Selective inhibition of this
enzyme has been shown to cause smooth muscle relaxation and anti-inflammatory
effects. Although the bronchodilator effects of these agents are very modest, their com-
bined anti-inflammatory and bronchodilator effects make them very appealing. Recently,
the results of two large 1-year trials of roflumilast compared to placebo in patients with
severe COPD were published (96). These studies demonstrated significant reduction in
exacerbations requiring systemic steroids and improvement in trough FEV1 with roflu-
milast compared to placebo. In two other studies in patients with moderate COPD on
treatment with either salmeterol or tiotropium, the addition of roflumilast demonstrated
significant improvement in lung function and reduction in exacerbations (97).

Conclusions

The use of bronchodilators is central in the symptomatic management of COPD and
currently available agents have been shown to have significant effects on the long-term
outcome and management of COPD. The use of the inhaled route is currently preferred
to minimize systemic effects. Quick-acting and short-acting agents are best used for
rescue of symptoms while long-acting agents are best used for maintenance therapy.
The choice of agents may be based primarily on individual response, cost, side effect
profile, and availability.
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Pharmacological Therapy:
Inhaled Corticosteroids

Paul Albert and Peter M.A. Calverley

Key Points:

 Inhaled corticosteroids have a more favourable safety profile than oral corticosteroids.

* Inhaled corticosteroids do not consistently modify inflammatory cell numbers in
sputum or the airway wall of COPD patients.

* Inhaled corticosteroids produce small improvements in lung function with signifi-
cantly better health status and exacerbation frequency than patients not so treated. The
change in the number of exacerbations largely drives the improvement in exacerba-
tion frequency. The effects of inhaled corticosteroids on the rate of decline of lung
function remain controversial.

* Despite their symptomatic benefits inhaled corticosteroids alone do not modify the
risk of dying from COPD.

* Bone and eye side effects are not increased in frequency in inhaled corticosteroid
users but clinically diagnosed pneumonia is.

* Inhaled corticosteroids are not recommended for use as monotherapy in COPD but
significantly increase clinical benefits when used together with long-acting beta-
agonists and this includes a reduction in the risk of dying.

Keywords Anti-inflammatory e health status « pneumonia  inhaled corticosteroid

Introduction

Inflammation is now recognised as playing a key role in the development of COPD,
its progression and the systemic or extra-pulmonary effects of this disorder. Given
this central role, it is no surprise that clinicians have used corticosteroid treatment
extensively in the management of COPD, especially given the dramatic responses
seen in patients with asthma who were treated with these drugs. In contrast, and rather
disappointingly, the changes seen in the clinical outcomes of COPD patients have
been much more modest. This has led some physicians to state that inhaled corticos-
teroids are completely ineffective in COPD [1], a view for which the evidence from
cellular science is more convincing than that observed when the clinical outcomes
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are viewed objectively. The resulting interplay of scientific disappointment weighed
against modest clinical gains has generated many publications but little clarity and
most clinicians remain bemused by the strongly held positions of the “pro” and “anti”
inhaled corticosteroid camps.

The intention of this chapter is to set this debate in some context to focus on the
things we know which seem likely to be true while acknowledging some of the meth-
odological limitations which make at least some of the data about inhaled corticosteroids
less reliable than others. Several important practical questions are considered:

1. Do inhaled corticosteroids have any anti-inflammatory effect on COPD?
2. Do inhaled corticosteroids change important clinical endpoints in COPD?
3. What side effects are associated with inhaled corticosteroid use?

4. How should we use inhaled corticosteroids in our clinical practice?

Fortunately, we now have a large body of evidence from different sources, some of the
best of which has only become available in recent months, which helps clarify what
was previously a rather confused picture.

Do Inhaled Corticosteroids Have Any Anti-inflammatory
Effect in COPD?

Glucocorticosteroids are synthetic compounds based on the naturally occurring cor-
tisone molecule. Not all are suitable for use by the inhaled route but the currently
available compounds are summarised in Table 7.1. The mechanisms by which corticos-
teroids work within the cell are complex, involving several different pathways, the rela-
tive importance of which is debated. Corticosteroid molecules combine with a soluble
receptor within the cytoplasm and the subsequent complex binds to the nucleus leading
to an increase in the number of beta-2 receptors and the modulation of the transcription
of pro-inflammatory proteins. Particular attention is being paid to the ability of these
drugs to inhibit the unwinding of nuclear chromatin and hence the ease of access of the
corticosteroid receptor complex to the nucleus. The process is mediated by the enzyme
histone deacetylase. Failure of these drugs to interact with histone deacetylase 2 appears

Table 7.1 Inhaled corticosteroid preparations.

Drug Available preparations Daily dose Regimen
Beclomethasone ~ MDI, DPI 400-2,000 mcg 12 hourly
dipropionate
Budesonide MDI, DPI, Neb 400-1,600 mcg 12 hourly
2,000-4,000 mcg in
exacerbation
Fluticasone MDI, DPI, Neb 200-2,000 mcg 12 hourly
Propionate
Triamcinolone MDI, DPI 400-1,200 mcg 12 hourly
Acetonide
Mometasone DPI 200-800 mcg 12-24 hourly
Furoate
Ciclesonide MDI 80-160 mcg 24 hourly

MDI metered dose inhaler, DPI dry powder inhaler, Neb nebuliser
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to be a relatively specific feature of patients with COPD [2] and this may relate to
continuing oxidative stress in these patients [3, 4]. How such changes relate to the
proposed markers of continuing inflammation in COPD remains controversial as is the
relevance of these processes to inflammation in other disorders which are characterised
by inflammation with CD4+ T lymphocytes like rheumatoid arthritis. COPD markers
of respiratory inflammation in induced sputum such as interleukin-8 and TNF-alpha are
unaffected by treatment with either inhaled or oral corticosteroids [5]. However, some
groups have suggested that inhaled corticosteroids can change the chemotactic activity
in the sputum [6] and even circulating levels of inflammatory markers like C-reactive
protein or IL-6 [7].

More direct evidence of any effect on the cells within the bronchial wall is lacking.
Hattotuwa and colleagues gave 0.5 mg of fluticasone propionate twice daily to patients
with moderately severe COPD for 3 months and found no difference in the cell content
of the airway wall with the exception of a modest reduction in mast cell numbers at the
end of this randomised blinded control study [8]. Some indirect evidence to suggest
that inhaled corticosteroids produce histological changes comes from the observation
that the number of lymphoid follicles associated with the airways is less in patients
who received corticosteroid treatment before undergoing lung volume reduction sur-
gery [9], although this is hardly a conclusive evidence of an anti-inflammatory effect
for these agents. Although the data are meagre, most well-conducted studies point
to little or no direct anti-inflammatory effects of inhaled corticosteroids in COPD.
However, the potential for other benefits unrelated to inflammatory cell numbers does
exist and changes in the degree of vascular leakage and hence oedema in the airway
wall remains an attractive but unproven possibility which could account for at least
some of the benefit seen.

Do Inhaled Corticosteroids Change Important Clinical
Endpoints in COPD?

Although nebulised corticosteroids have been shown to be better than placebo in
improving lung function in COPD patients who are exacerbating [10], they are some-
what less effective than oral prednisolone and given the cost differential between these
treatments it seems unlikely that this therapy will become popular in routine care.
Moreover, the lack of immediate symptomatic benefits with inhaled corticosteroids
makes their use more suitable for maintenance rather than rescue treatment.

Much more evidence is available about the effects of inhaled corticosteroids in
stable disease, and a range of studies of differing size and duration give basically
similar results. Several different outcomes have been studied.

Decline in Lung Function

Throughout the 1990s, a series of randomised control trials addressed the question of
whether inhaled corticosteroids modify the rate of decline of FEV | which is typically
seen in populations of COPD patients. These studies gave conflicting results reflect-
ing differences in patient selection and variations in the duration of follow-up [11, 12].
One Dutch study suggested that lung function monitored for 2 years after instituting
inhaled corticosteroids was better than in the preceding 2 years of follow-up although
this change was more evident in the pre-bronchodilator FEV | and the study was not a
true randomised design.[13]
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Subsequently, four large prospective randomised control trials, each of 3 years
duration, studied whether or not the change in post-bronchodilator FEV,, the reli-
able guide to disease progression [14—17], is modified by inhaled corticosteroids
(Table 7.2). These studies encompassed a wide range of COPD severity ranging from
individuals identified with mild disease in a prospective community sample to others
with symptomatic COPD attending regular hospital follow-up. Their bias was towards
current smokers, as this was an entry requirement for Euroscop and the original lung
health study, although rather surprisingly, smoking status did not appear to modify
the outcome, at least as related to the effect of inhaled corticosteroids. In no trial was
the rate of FEV, decline different over 3 years when placebo and active treatments
were compared. The effect of inhaled corticosteroids in the most severely affected
patients may have been harder to detect given the asymmetrical pattern of drop-out
in this study, i.e., patients on placebo were significantly more likely to be lost from
follow-up and were also those who showed the most rapid loss of lung function [18].
This could not explain the data in the other three studies where equal numbers from
each group were available for analysis by the end of the trial. Inevitably, meta-anal-
yses of these data have followed and have drawn opposing conclusions [19-21]. The
group who initially found no effect on decline in lung function in the pooled analysis
have now repeated this analysis using data from other patient studies in addition to
that they originally reported and their conclusion is unchanged [22]. However, other
work taking virtually the same data and correcting an error made by the first group
in assigning the rate of change of lung function now found a significant effect, par-
ticularly in those who had received more potent inhaled corticosteroids, budesonide
and fluticasone propionate; this amounted to around 10 mL/year reduction in the rate
of decline and the original studies were certainly not powered to detect this differ-
ence hence the meta-analysis including these data may be more relevant [21]. Post
hoc analysis of the TORCH study (which entailed 26,000 spirometric assessments
over 3 years) found that inhaled fluticasone propionate, alone (FP) or in combination
with salmeterol (SFC), was associated with reduction in the rate of FEV, decline in
patients with moderate to severe COPD (decline of 42 mL/year with FP, 39 mL/year
with SFC and 55 mL/year with placebo) [23, 24].

Clinic Lung Function

A more consistent picture emerges when data a lung function of patients attending the
clinic and specifically the post-bronchodilator FEV | is considered. Such changes take
time to emerge but do begin to be evident within the first 2 weeks of randomisation
to inhaled corticosteroid treatments [25]. No convincing effects on post-bronchodilator
FEV, were seen when placebo and inhaled corticosteroid data were compared with the
Danish and US long-term studies [ 14, 16]. In subsequent studies, FP at 1,000 mcg/day [26]
and even at 500 mcg/day [26, 27] shows small but significant improvements in post-
bronchodilator spirometry weeks to months after the onset of treatment. These changes
could not be identified in studies using budesonide where only post-dose lung function
data were available [28]. In general, these changes have been smaller in patients with
more severe disease who were the ones recruited into the trials involving budesonide.
However, post hoc analysis of data from a 1-year study in which FP was used as one of
the comparison arms [29] shows that the increase in FEV | with fluticasone proprionate
was lower in patients with a lower baseline value [30]. How important these changes
in spirometry are clinically remains debatable but they do suggest that some biological
effect is occurring with inhaled corticosteroid treatment which may be more relevant
when other non-spirometric effects are considered.
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Health Status or Quality of Life

A number of research questionnaires have been developed which have good measurement
properties and which reliably capture the integrated effects of COPD on patient well-
being [31, 32]. Studies using these health status questionnaires have shown that signifi-
cant improvements in patient well-being can occur even when the change in spirometry
is quite small [33]. Health status data have been collected almost exclusively in more
severe disease (GOLD stages 3 and below), in patients rather than smokers with
minimal symptomatology associated with their airflow obstruction and mostly, but
not exclusively, using the St George’s Respiratory Questionnaire (SGRQ). Treatment
with inhaled corticosteroids in addition to short-acting bronchodilator therapy in the
ISOLDE study did not change health status over the first 6 months of observation [34]
although the use of an initial course of oral corticosteroids may have inadvertently
served to standardise health status measurements before this trial began and hence
prevent some of the spontaneous improvement in health status which is almost univer-
sally seen in patients randomised to placebo who enter a clinical trial. In the ISOLDE
study, which lasted for 3 years, the rate of change of health status was modified in
patients receiving inhaled corticosteroids by a mean of almost three units per year
compared with placebo [17]. These changes were cumulative and suggest that the use
of inhaled corticosteroids delays the time taken to reach a particular level of ill health
rather than abolishing the progression of physical deterioration altogether. Similar data
were seen in more severe patients when budesonide was used after an initial period of
treatment with oral corticosteroids although again the magnitude of change differed
depending upon the run-in period adopted in these 1-year studies [35]. Withdrawing
inhaled corticosteroids was accompanied by a worsening of health status in Dutch
trial using fluticasone [36], a finding confirmed when patients were randomised to
either salmeterol, a long-acting beta-agonist (LABA), or salmeterol plus fluticasone
[37]. Measurements related specifically to breathlessness are less often reported but in
a 6-month study of stable patients where the transitional dyspnoea index was used to
measure change, those individuals randomised to inhaled corticosteroids performed as
well as those receiving the long-acting beta-agonists [26].

The large dataset available from the TORCH study has confirmed these observations
over shorter periods [24]. In this trial, which was conducted without prior corticos-
teroid treatment, placebo-treated patients improved over the first 6 months of study
but their health status deteriorated steadily thereafter. The improvement in those ran-
domised to inhaled corticosteroids was greater and lasted longer but also declined with
time, the total SGRQ score falling below the baseline value by the 3-year follow-up
point. However, as in other studies the patients with the worst health status withdrew
soonest and there were more of these in the placebo treated groups, suggesting that any
comparison between the treatments is likely to be a conservative one.

Exacerbations

Defining COPD exacerbations remains contentious [38] but the recently proposed
definition by GOLD has considerable merit (“An event in the natural course of the
disease characterised by a change in the patient’s baseline dyspnoea, cough, and/or
sputum that is beyond normal day-to-day variations, is acute in onset, and may warrant a
change in regular medication in a patient with underlying COPD.”) Most clinical trials
to have studied inhaled corticosteroids have used this definition of a healthcare related
event, although the Lung Health study of triamcinolone reported the number of new
symptoms and the frequency of unplanned clinic visits which is likely to be only indirectly
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related to the true number of exacerbations [16]. Exacerbations are more frequent
in those with the worst lung function [39] and unsurprisingly it is this group where
inhaled corticosteroids have been shown to be most effective. Table 7.3 summarises
the key findings from recent trials in which the effect of inhaled corticosteroids on
exacerbation rate has been reported. All of these studies have at least 12 months of
data, which afforded a reasonable period for an event to occur and avoided issues
of seasonality which might confound smaller briefer studies. Both the ISOLDE and
TRISTAN studies involved similar patient groups (mean pre-bronchodilator FEV,
44% predicted in each). Exacerbation frequency was reported in rather different ways
and was similar in the groups who had received placebo with 1.3 events per year
occurring [17, 29]. Using FP in the same dose in each study reduced exacerbations
by 20-25% suggesting that the routine use of inhaled corticosteroids can be effective
in patients like this. All the TRISTAN patients had a prior history of exacerbations
and the same was true for patients receiving budesonide in two other trials where the
baseline lung function was significantly lower (mean FEV, 36% predicted)[28, 35].
Here the impact of the drug was much less impressive with no statistically significant
reduction in exacerbation rate although the time to the first course of oral corticoster-
oids was delayed in one study [35]. The larger and longer TORCH study has confirmed
that patients randomly assigned to inhaled corticosteroids are significantly less likely
to exacerbate although the event rate in this trial was somewhat lower than the others
reflecting both a different method of analysis and the lack of any requirement to prior
exacerbation before study entry [24].

Attempts to generalise the findings from clinical trials to less selected patients
included in large patient databases have met with only limited success. The initial sug-
gestion that inhaled corticosteroids had a significant impact on exacerbation frequency
and hospitalisations [40] being challenged on methodological grounds as this study
exhibited immortal time bias [41], i.e., there was a difference in the exposure time
and hence the risk of an exacerbation occurring between the groups simply because of
the way the groups themselves were defined. Similar complex statistical issues affect
how exacerbation rates are expressed [42]. These events are not normally distributed
and each individual has their own inherent rate of exacerbation. Thus, the trials are
able to detect whether or not there is a difference and in which direction it occurs but
it becomes harder to develop a reliable parametric statistical measurement to say how
big an effect is present. More sophisticated statistical methods, such as the recently
proposed negative binomial distribution, appear to have overcome these problems
although this area is likely to remain contentious. However, the data are expressed;
those derived from randomised control trials remain substantially better than those in
database studies because at least the patients were drawn randomly from the same ini-
tial population and hence the probability of an event occurring should be the same with
only the treatment having an impact. This is particularly important given the uncertain
nature of the diagnosis of COPD of some patients in the database sets and the lack of
any information about disease severity.

Mortality

Despite the limitations noted above, until recently the only data available about the
relationship of treatment to COPD mortality came from database studies where, in
addition to the other limitations, there was a real risk of allocation bias where sicker
patients received treatment and may thus do worse than those were not so intensively
treated. The TORCH trial was primarily designed to remedy this defect [24] but even
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this large and complex study has run into problems about interim analysis and differential
dropout which were not envisaged when it began. One conclusion appears certain
from the TORCH data, namely, no mortality benefit was observed between placebo
and those patients who received inhaled corticosteroids alone. In the last 6 months of
this study, the mortality rate in inhaled corticosteroid treated patients appeared to rise
although it levelled off by the end of the trial and it is hard to know if this is random
variation or not. However, the projected difference in mortality proposed by several
database analyses [43—45] was not seen.

What Side Effects Are Associated with Inhaled
Corticosteroid Use?

Corticosteroid treatment is associated with a formidable range of adverse events which
are particularly concerning in older frail patients which might become more evident in
older and frailer subjects with COPD. In practice it has been very difficult to establish
whether treatment by the inhaled route is associated with significant problems and this
must be an encouraging finding given that such differences were evident where oral
corticosteroid use was more widespread. The local side effects of hoarseness, dryness
of the mouth and candidiasis are more frequent in patients receiving inhaled corticos-
teroids. These will settle spontaneously or with the use of some form of volume spacer
device or stop when treatment is discontinued although relatively few patients have to
give up treatment because of these complaints. Larger randomised trials have shown
that there is a reduction in morning cortisol levels although these generally stay within
the normal range in almost all individuals. Even those who fall below the normal range
are likely to spontaneously revert to normal values reflecting both the difficulty of this
as an outcome for adrenal function and the small signal-size associated with systemic
exposure to corticosteroids when given by the inhaled route [29]. Spontaneous skin
bruising has been reported more frequently with inhaled corticosteroids, although in
both the TRISTAN and the TORCH studies where this was specifically looked for,
it was no more frequent in those on inhaled corticosteroids than those who received
placebo [24]. The TORCH trial included specific sub-studies in US patients where
bone mineral density measurements and slit-lamp assessments were made at randomi-
sation, and over the subsequent 3 years, two findings became clear from these studies:
first, the incidence of osteopaenia/ osteoporosis and of undetected cataracts is high in
patients with COPD irrespective of their prior corticosteroid use; second, there were
no obvious differences in bone mineral density or in the occurrence of cataracts in
patients who were randomised to corticosteroid-containing treatments over the subse-
quent 3 years. These data do not exclude the potential for future risk but are generally
encouraging and in keeping with the lack of significant differences in the occurrence
of fractures in the larger TORCH population.

However, one unanticipated side effect was identified by TORCH. Patients who
remained on the inhaled corticosteroids, either as monotherapy or in combination
with the LABA, were significantly more likely to experience a physician-diagnosed
pneumonia during the trial. There was no a priori definition of pneumonia but the same
treatment difference was seen when episodes where a chest X-ray had been performed
were examined. Surprisingly, the rate of hospitalisation did not differ between the
groups between placebo and inhaled corticosteroid treatments or between patients on
their LABA with or without inhaled corticosteroids. Similarly, mortality from pneumonia
as a proportion of total mortality did not differ between the groups. As health status
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was generally better in those receiving inhaled corticosteroids, the clinical significance
of these events remains puzzling but more detailed and specific research is clearly
required if we are to understand what has previously been an unrecognised problem.

How Should We Use Inhaled Corticosteroids
in Our Clinical Practice?

The bulk of the reported clinical trial data suggests that inhaled corticosteroids have
small but significant beneficial effects in the management of COPD. Although xno
direct comparison has been made the known risks profile of using oral corticosteroids
and especially their effects on skeletal muscle on bone means that inhaled corticos-
teroids remain the preferred way to deliver this form of anti-inflammatory treatment
and even low doses of oral therapy are no longer advised. Currently available corti-
costeroids are given twice daily and there is a move towards dry powder formulations
rather than metered dose inhalers, which is sensible as there is no need for additional or
“rescue” treatment when these drugs are used for COPD patients. At present our data
are based on studies with twice daily regimes but the advent of inhaled corticosteroids
that appear to be as effective and have less potential for systemic availability may lead
to more patients being treated with once-daily therapy.

Current clinical guidance suggests introducing inhaled corticosteroids in patients with
an FEV, below 50% predicted who have a history of exacerbations — approximately
three events in a 2-year period. These are a fair reflection of the previous evidence
available when the guidelines were compiled. However, data from the TORCH study
are likely to impact on this guidance which has already been modified in the UK after
the National Institute for Clinical Excellence conducted a systematic review of the
literature available in 2002 [46].

It is now clear that all the clinical benefits attributable to inhaled corticosteroids,
including improvements in lung function, health status and exacerbation frequency,
are greater in those patients where they are co-administered with a LABA. Moreover,
the likelihood of dying was less in the TORCH trial in those patients who received this
combination of treatments when compared with inhaled corticosteroids alone. Existing
guidance from GOLD and the ATS/ERS suggests that long-acting inhaled bronchodi-
lators should be given to most symptomatic COPD patients with an FEV, below 80%
predicted and hence patients receiving inhaled corticosteroids should normally do so
as part of combination treatment. We do not yet know if these treatments have to be
delivered from the same inhaler or whether the combination of an inhaled corticos-
teroid and a long-acting inhaled anti-cholinergic like tiotropium is equally effective.
Early results from the Canadian OPTIMAL study suggests that there may be clini-
cal advantages from combining a LABA/inhaled corticosteroid and anti-cholinergic
treatment but larger and longer studies will be needed before this concept is properly
established. In practice, many patients with severe COPD and a history of severe exac-
erbations and/or hospitalisations are now receiving all three types of treatment when
they or their healthcare assistant can afford this.

Although unproven, it would seem sensible to ensure that patients taking inhaled
corticosteroids receive pneumovax, which reduces the incidence of pneumonia in
more severe COPD [47] while the identification of important co-morbidities, like bone
and eye disease, should be part of a comprehensive management of any symptomatic
COPD patient irrespective of their need for inhaled corticosteroids.
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Conclusion

The last 20 years have seen a wealth of data reported about the role of inhaled
corticosteroids in COPD. This has taught us much about the disease, its impact on
the health status of patients, the nature, frequency and quantification of exacerbations
and most recently, the nature and causes of death from COPD. Inhaled corticosteroids
are no longer regarded as suitable for monotherapy along with intermittent short-acting
bronchodilators but when given together with a long-acting beta-agonist they augment
the effectiveness of the latter drug and have set a new standard for the pharmacologi-
cal care of this condition. Happily this has been achieved without the formidable and
intrusive side effects that characterise the use of oral corticosteroids which was wide-
spread before this research was undertaken. Evidence from randomised controlled
trials suggests that inhaled steroids improve lung function, reduce exacerbation fre-
quency and improve health status. There is evidence from one randomised controlled
trial that inhaled steroids alone do not impact on mortality. Evidence from randomised
controlled trials suggest that inhaled steroids carry topical side effects, but there is no
consistent evidence of an effect on increased frequency of cataracts or decreased bone
mineral density. The TORCH study, however, demonstrated significantly higher rates
of pneumonia in COPD patients who remained on inhaled steroids. Experience from
randomised controlled trials has led to most bodies recommending inhaled steroids in
the form of combination therapy with a long-acting beta-agonist, rather than alone.
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Pharmacological Therapy:
Novel Approaches

Stephen 1. Rennard

Key points:

e COPD is a preventable and treatable disease
* Goal for novel treatments will include:

¢ Primary prevention
+ Symptom management

+ Disease modification

+ Restoration of function

+ Management and control of comorbidities

* Modalities being explored include:

+ Improved pharmacology and formulations of bronchodilators and inhaled
corticosteroids

Anti-inflammatory agents

Cough and muco-active drugs

+ Stimulators of lung repair

* o

Keywords Anti-inflammatory e antiprotease « smoking cessation « anti-oxidant

Introduction

Currently available pharmacologic treatments for chronic obstructive pulmonary dis-
ease (COPD) were developed primarily to improve airflow and thereby to improve
symptoms. Oftentimes, agents found to have efficacy in COPD were originally
developed to treat asthma. Gratifyingly, some currently available treatments can not
only improve airflow and symptoms in COPD patients, but also reduce exacerbation
frequency [1-3]. Even more exciting, several studies suggest that currently available
treatments may slow the rate at which lung function declines [4, 5], although the clinical
importance of the very modest effects observed remains uncertain.

Currently the fourth leading cause of death in the USA, COPD is projected to become
the third leading cause of death in the USA and worldwide by the year 2020 [6]. While
currently available treatments can help symptomatic patients with COPD, improved
therapies are desperately needed. In part because of the large market represented by
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COPD patients, there is currently a rich and varied research program developing novel
therapies for the COPD patient. The current chapter will provide an overview of novel
approaches for the practicing clinician.

There are several reasons for the active clinician to be familiar with novel therapeutic
approaches. First, and most importantly, COPD has for far too long been regarded as a
relentlessly progressive condition for which therapy has little to offer. This opinion is
incorrect, but remains widespread. The potential for novel therapies helps reinforce the
message that COPD is a treatable condition and can help develop a positive approach
to the treatment of the COPD patient. In addition, many patients with COPD are enthu-
siastic to participate in novel clinical trials. Clinical investigation is no longer solely
the purview of academic centers. Increasingly, clinical trials are being conducted in
general and specialty practices. Development of novel treatments, therefore, represents
an opportunity both for the clinician and for patients. Finally, many COPD patients
are well informed about novel approaches, and the active clinician needs to be as well.
The current chapter will review approaches to advance currently existing therapies,
the rationale and strategy for novel approaches, including approached designed to alter
lung inflammation, lung tissue repair, the pulmonary vasculature and cough and sputum
production (Table 8.1). In addition, while smoking cessation is discussed in Chap. 9,

Table 8.1 Targets for Improved Intervention in COPD?.

Smoking cessation
Nicotine
Replacement
Vaccine
Receptor
Dopamineregic signaling pathway
CB1 receptor

Inhaler technology
Ease of use
Flexibility in dosing

Bronchodilators
Improved pharmacokinetics
Onset
Duration
Reduced side effects

Inhaled corticosteroids
Increased duration of action
Reduced side effects

Combinations
Multiple agents in a single inhaler device

Anti-inflammatory agents
Phosphodiesterase inhibitors
PDE4
PDE5®
Inhibitors of recruitment
Chemotaxis factors
LTB4
IL-8
Complement
Chemtotaxis factor receptors
CXCR2
Adhesion factors

(continued)
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Table 8.1 (continued)

Proteases
Serine proteases
a1 protease inhibitor
Neutrophil elastase
Metallo-proteases
Cysteine proteases
Oxidant
Cytokine
Antibody
Receptor antagonist
Signal transduction
Intermediates
p38
Transcription factors/regulators of gene expression
HDAC2

Cough and muco-active agents
Airway neural activity
D2 dopamine receptor
Irritant receptor
Neurokinin receptor
Mucus release
Anti-proteases
Anti-oxidant
Neurokinin receptor
Mucus structure

Pulmonary vasculature

Lung repair
Retinoid receptors
Growth factors

2General categories are listed. Most include multiple, often very many, specific
molecular targets. Selected individual targets are listed to cite specific examples
YPDES is not an anti-inflammatory, but may have utility as a pulmonary vasodilator.
Other pulmonary vasodilator targets are not listed

novel pharmacological approaches to smoking cessation will also be discussed briefly.
These will be discussed from the perspective of general approaches, although specific
agents will also be discussed.

Advances in Current Therapeutic Strategies

Improvement in Delivery

Delivery of agents by the inhaled route is preferred to treat lung disease. Inhalation
results in direct deposition on the airways resulting in high local levels and minimal sys-
temic side effects. Administration via inhalation, however, creates a number of specific
problems and opportunities. First, it is generally more difficult to use an inhalational
device than it is to take an orally active agent. The metered-dose inhalers, which were
widely used in the early 1990s, delivered a high-speed jet of nebulized droplets when
activated by pressing on the canister. As a result, patients were obliged to coordinate
inhalation with canister activation, while positioning the canister properly. Even with
effective use, much of the delivered drug was deposited in the mouth or pharynx.
If absorbed systemically, this could result in side effects without therapeutic benefit.
Moreover, the use of these devices requires considerable education, and several studies
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documented the difficulty patients had with the technique required [7]. Finally, these
“classic” metered-dose inhalers utilized chlorofluorocarbon compounds as propellants.
Because these compounds deplete ozone in the stratosphere, their use is now banned.
While alternative propellants have been developed [8], a number of alternative strategies
for delivery of inhaled drugs have been and are being developed [9, 10]. These offer a
number of therapeutic advantages, including improved ease of use and greater delivery
of active drug to the lung. The most widely used devices, at present, are dry powder
inhalers, of which there are a number of variations [11, 12]. The development of these
novel devices is rapidly evolving and offers a number of opportunities to improve con-
venience, ease of use, and efficiency and targeting of delivery.

Bronchodilators

Rationale: Currently, bronchodilators are first-line therapy for patients with COPD
frequency [1-3]. It is likely that these agents, by improving expiratory airflow even
modestly, allow more complete emptying of the lungs during each expiratory cycle [13].
As a result, lung volumes decrease. This can result in improved function and symptoms
in the basal resting state. Importantly, increasing respiratory rate, whether due to exer-
cise, anxiety, fever or any other cause, can result in further hyperinflation that is believed
to be a major reason for dyspnoea in the COPD patient [14]. By facilitating lung empty-
ing, bronchodilators minimize this hyperinflation and help mitigate symptoms.

Currently available bronchodilators fall into three classes of frequency [1-3]: beta-
agonists, anticholinergics and methyl xanthenes. Beta-agonist bronchodilators, by
stimulating B, adrenergic receptors present on airway smooth muscle, increase intracel-
lular cyclic AMP, which, in turn, causes airway smooth muscle to relax. Anticholinergic
bronchodilators, in contrast, antagonize the effect of acetylcholine. When released by
airway nerves, acetylcholine acts on M3 muscarinic receptors present on airway smooth
muscle, increasing intracellular calcium and inducing smooth muscle contraction. By
blocking this activity, anticholinergic bronchodilators antagonize the endogenous “tone”
present in airway smooth muscle and can improve airflow. The only methyl xanthene
currently used is theophylline. Its mechanism of action as a bronchodilator is controver-
sial. However, it may act in this regard by inhibiting the breakdown of cyclic AMP.

There are several approaches for improving the currently available bronchodilators.
First, currently available agents vary in their onset and duration of action. Agents with
prolonged duration are highly desirable, as they optimize lung function throughout
the day and night. While onset of action is less important than duration when a bron-
chodilator is used regularly, most patients prefer an agent with a rapid onset. This is
believed to improve compliance and has advantages for patients who benefit from the
acute peak effects or who have forgotten a dose of medication. In this context, several
beta-agonist bronchodilators that have a duration of action significantly longer than
the currently available medications are in development [15]. These novel agents may
be appropriate for once-daily dosing. At least one of these agents, indacaterol, has an
onset of action as rapid as the “rapidly acting” agent albuterol [16]. Novel, long-acting
anticholinergic agents are also in development. Whether these will have more rapid
onset of action remains to be established.

Reduction in Toxicity

Currently available inhaled bronchodilators have a relatively low adverse effect profile.
Nevertheless, side effects do occur [3]. ,-adrenergic agonists, for example, are associ-
ated with tremor and tachycardia. These are felt to be due to action on B,-adrenergic
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receptors located outside the lung. Thus, increasing the selectivity of the already highly
selective agents is unlikely to reduce the adverse effect profile. The development of
formulations and delivery systems that minimize systemic absorption, however, raises
the possibility of reducing these adverse effects. In addition, many B,-adrenergic ago-
nists are chiral compounds. In general, only one of the enantiomers accounts for the
therapeutic benefits. A racemic mixture may have increased propensity for adverse
effects. In this regard, S-albuterol has been suggested to induce pro-inflammatory
mediator release and thus may contribute to the adverse effects of chronic albuterol
use [17]. It is possible, therefore, that beta-adrenergic agonist formulations that contain
only active enantiomers may minimize adverse effects [18]. The clinical significance
of this approach for the treatment of COPD remains to be established, however.

The currently used anticholinergic bronchodilators are quaternary amines [19]. As a
result, they are relatively poorly absorbed across epithelial surfaces and are very ineffec-
tive at crossing the blood-brain barrier. CNS effects, which are common with anticholin-
ergics that are not charged such as atropine, are generally not observed. Dry mouth is a
relatively common adverse effect associated with tiotropium. Other systemic effects such
as difficulty with micturition are uncommon. It is possible that novel anticholinergics
may minimize these adverse effects.

Inhaled glucocorticoids have the potential for both local and systemic adverse
effects. Topical effects in the throat, including candidiasis and dysphonia depend on
the amount of drug deposited locally. Systemic effects depend on the amount of drugs
absorbed systemically. Both can be minimized by formulations and devices that deliver
relatively larger amounts of the drug to the lung. In addition, it is possible to exploit
glucocorticoid drug metabolism to optimize therapeutic benefit. Agents that are very
rapidly metabolized, such as fluticasone, mometasone and ciclesonide are very rap-
idly cleared from the circulation, minimizing systemic effects [20, 21]. In addition,
ciclesonide is a pro-drug that is activated in the airway reducing its oral availability,
potentially contributing to a further increase in its therapeutic ratio [22].

Inhaled glucocorticoids, particularly when used in combination with a long-acting
beta-agonist, have been demonstrated to provide additional therapeutic benefit for the
COPD patient. Improvements in inhaled glucocorticoid therapy, particularly the devel-
opment of agents that can be administered once daily, are also being pursued.

Advantages of Combinations

Several studies have documented the clinical benefit of bronchodilator combinations
[23-25]. While early studies suggested that a single bronchodilator could achieve the
“maximally possible” bronchodilator effect, when administered in combination, an
anticholinergic and a beta-agonist bronchodilator consistently demonstrate improved
bronchodilator effect [25]. There are several possible mechanisms to account for this.
First, proximal airways are more richly endowed with cholinergic receptors, and anti-
cholinergic bronchodilators have a greater effect in the proximal airways. Conversely,
beta-adrenergic agonists are relatively more effective in the distal airways. In addition,
there are several studies that suggest “cross talk” of the adrenergic and cholinergic
signaling mechanisms.

As noted above, the combination of long-acting beta-agonist bronchodilators and
inhaled glucocorticoids has added benefit in COPD patients compared to either agent
alone [26, 27]. The mechanism by which inhaled glucocorticoids benefit patients in
COPD remains controversial. Actions of the glucocorticoid on airway inflammation
and oedema have been suggested, as have interactions between glucocorticoids and
beta-adrenergic signaling pathways. Because inhaled glucocorticoids have a very
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modest effect on their own, they have not been approved as sole agents for the treatment
of patients with COPD. In addition, because of recent concerns about pneumonia
when these agents are used alone [28], their off-label use as sole agents is discouraged
in patients with COPD. However, as they provide added benefit in combination with
long-acting beta-agonists, their use is encouraged [1-3].

Administration of inhaled drugs in a combination device offers a number of potential
advantages. As inhaled medications are somewhat more difficult to use than orally
active agents, reduction in the number of inhalations required and in the number of
devices needed is likely to improve adherence. In addition, for agents such as inhaled
glucocorticoids that are best used in combination, availability of a combination helps
prevents misuse. Consistent with these practical advantages, the various combination
inhalers developed have generally been very successful. It is likely, therefore, that
novel bronchodilators will be developed in combination formulations.

Of the agents currently used to treat COPD, theophylline is not used by inhalation.
While active orally, theophylline derivatives have been found to be locally irritating,
although modestly effective as inhaled bronchodilators [29]. Other novel compounds
including the PDE4 inhibitors (see below), however, may be effective by inhalation.
If found to be effective in COPD, it seems likely that combinations containing these
agents will also be developed.

Smoking Cessation

Cigarette smoking is the most important risk factor for the development of COPD.
In the USA, 80% of patients with COPD are current or former smokers. While other
risk factors also contribute to the development of COPD, targeting cigarette smoking
is the most important preventative and prophylactic measure. In this context, the Lung
Health Study clearly demonstrated that smoking cessation early in the course of COPD
alters the natural history of the disease [30]. Specifically, the accelerated rate of decline
in lung function that characterizes smokers with COPD is mitigated. After a modest
improvement over the first year, lung function declines, but does so at a rate compara-
ble to that of a non-smoker. Smoking cessation later in the course of the disease is not
associated with reversal of lower respiratory tract inflammation [31, 32]. Nevertheless,
patients’ symptoms are improved following smoking cessation, despite persistence
of lower respiratory tract inflammation [32, 33]. Whether the rate of decline in lung
function is altered with cessation later in the course of COPD remains undetermined.
Smoking cessation, therefore, should be an important goal for all patients with COPD.
The earlier cessation is achieved, the better.

Novel therapeutic approaches for smoking cessation are being actively pursued.
This is being facilitated by advances in understanding the psychopharmacology of
nicotine, the most important addictive compound present in cigarette smoke [34, 35].
A number of agents that are active on pathways that interact with nicotine induced
signaling, particularly with the dopamine pathway, are being explored. Importantly,
the psychoactive addictive effect of nicotine on its receptors depends in large part on
the pharmacokinetics of delivery to receptors in the brain. The relatively slow delivery
of nicotine by replacement therapy, such as the nicotine patch, appears to work through
this mechanism. Nicotinic receptor partial agonists such as varenicline also appear to
work through this mechanism. The same mechanism underlies the concept behind the
nicotine vaccine [36]. When coupled to a carrier protein, it is possible to induce antibody
formation to nicotine. The antibodies in the circulation then bind nicotine reversibly.
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The binding, however, greatly slows delivery of nicotine to the brain, reducing its
addiction potential. Clinical trials with nicotine vaccine are currently underway, and
early studies show promise [36].

A second effect of the nicotine partial agonists is to block the full activity of nicotine.
Through such an action, varenicline has been reported to reduce the hedonic effects of
nicotine [37]. Such an action has the potential to forestall the reinforcing effects of nico-
tine that occur when a smoker who has quit has a lapse. The nicotine vaccine, by slowing
nicotine delivery, may have a similar action. These activities raise the exciting possibility
that therapies may be available not only to help smokers quit, but help prevent relapse.
A relatively short term study with varenicline supports such an action [38].

One particularly instructive agent, previously in development for smoking cessation
is rimonabant. Rimonabant is a canabinoid receptor antagonist that alters release of
gamma amino butyric acid release which, in turn, modulates the release of dopamine
that is the main downstream mediator of nicotine effects [39]. Clinical trials with
rimonabant have suggested efficacy for smoking cessation, although the FDA declined
to approve rimonabant because of concerns for potential suicide risk. Nevertheless,
having demonstrated that this pathway is an appropriate target for facilitating smoking
cessation raises the possibility that other agents can be developed.

Anti-inflammatory Therapies

Rationale and General Considerations

Current concepts suggest that the tissue alterations that result in reduced airflow in
COPD are the consequence of tissue damage due to inflammation [1, 40]. In this regard,
an inflammatory response characterized by activated alveolar macrophages, neutrophils
and the presence of lymphocytes, particularly CD8+ lymphocytes, is present in the
airways, the mucus glands and the alveolar structures of the lung. This inflammation
worsens as disease progresses [41]. Moreover, numerous animal and in vitro studies
support the potential pathogenic role for inflammation in COPD. This body of evidence
has contributed to the rationale supporting anti-inflammatory therapy in COPD.

The goals of such therapy would include mitigation of the tissue damage and the
consequent structural alterations that result in airflow. Such an action could prevent
the progressive loss of lung function that characterizes COPD. While this may
benefit the COPD patient in the long run, whether an anti-inflammatory agent would
have shorter term benefits for the COPD patient remains undetermined. Since COPD
progresses relatively slowly, the development of anti-inflammatory therapies that could
alter natural history would require relatively large studies conducted for extended peri-
ods of time [42]. As a consequence, such studies would be expensive. This has resulted
in exploration of several clinical strategies to identify alternative biological or physi-
ological end points that could serve as surrogates for lung function or could be used
directly to accelerate the evaluation of novel therapies. In this context, CT scanning
of the chest can provide a quantitative measure of pulmonary emphysema. It has been
suggested that this may be a better measure of therapeutic efficacy for a-1 PI replace-
ment than measurements of airflow [43, 44]. The development of novel end points to
be used in clinical trials is an important issue for the clinician, as these same end points
are likely to provide diagnostic information that can guide therapy [43].

The inflammatory process in COPD offers a plethora of opportunities for therapeutic
intervention. Multiple cell types are modulated by a variety of signaling molecules
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that act on a number of receptors that, in turn, signal through a variety of intracellular
pathways. Once activated, inflammatory cells are stimulated to migrate, a process that
involves several distinct steps with several levels of regulation. Once recruited to sites
of inflammation, inflammatory cells release a number of mediators that both amplify
the inflammatory process and lead to tissue damage. Each of these steps represents a
potential therapeutic target. As a result, there are many potential novel anti-inflammatory
therapies that could be active in COPD [45]. A large number of these potential thera-
peutic targets have found interest in both large pharmas and biotechs and, as a result,
many novel agents have been explored at basic levels. To date, clinical trials have been
conducted with relatively few. As noted above, agents that primarily act by altering
the natural history of COPD may require a very long and expensive clinical develop-
ment program [42]. As exacerbations of COPD, however, are felt to be characterized
by acutely worsening inflammation [46], exacerbations may represent a target for a
more rapid drug development paradigm. Similarly, neutrophil-derived proteases are
highly potent mucus secretagogues [47]. This raises the possibility that targeting neu-
trophils, which are found in increased numbers in airway mucus glands [48], may have
a beneficial effect in mitigating cough and sputum production. It is possible, therefore,
that anti-inflammatory therapies could be developed for shorter term benefits, such as
cough and sputum and/or exacerbations.

Several approaches that may selectively target neutrophils in COPD have been
explored [49]. They includes targeting interleukin-8 and, analogously, targeting leu-
kotriene B4, both potent neutrophil chemotactic factors. The possibility that there are
multiple pathways that could recruit and activate inflammatory cells, however, creates
the very real potential problem that inhibiting a single pathway may be insufficient to
result in therapeutic benefit.

PDE Inhibitors

The first novel class of agents that is likely to reach approval for the treatment of
COPD is the class of phosphodiesterase (PDE) inhibitors [50, 51], a class of enzymes
that catalyzes the degradation of cyclic nucleotides, cyclic AMP, or cyclic GMP. The
PDEs consist of at least 50 members in 14 classes.

PDE5

Inhibitors of PDES, which catalyze the degradation of cyclic GMP, relax vascular
smooth muscle. These agents have been approved for use in erectile dysfunction. They
may also reduce pulmonary arterial pressure and may have utility in pulmonary hyper-
tension [52, 53]. An effect in pulmonary hypertension secondary to COPD, therefore,
is a potential application of these agents, but whether improved cardiac output will
be offset by worsening ventilation-perfusion matching by these agents (or any other
pulmonary vasodilators) remains to be determined.

PDE4
PDE4 inhibitors have been specifically developed as therapeutics for COPD and are
the novel agents nearest to approval. PDE4s, of which there are four isoforms, each the
product of a distinct gene, are prominent in a number of cells, including inflammatory
cells [50, 51]. Since cyclic AMP generally inhibits inflammatory cell responses, inhib-
itors of PDE4 have the potential to increase inflammatory cell cyclic AMP, resulting in
inhibition of inflammation. Consistent with this, PDE4 inhibitors have demonstrated
anti-inflammatory action in a number of in vitro and animal model systems.

Several PDE4s have entered clinical trials, and results with several have been pub-
lished. Both cilomilast and roflumilast have demonstrated clinical benefits [54-56],
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resulting in modest improvements in airflow, together with a reduction in exacerbation
frequency. While these effects have been observed in some studies, several clinical tri-
als have been less impressive. Both agents remain under investigation.

The major adverse effect of PDE4 inhibitors is nausea, which may be associated
with vomiting. This appears to be due to a direct effect on PDE4 in the central nervous
system emesis center. The sub-type PDE4D appears to be particularly important in
mediating this response [57]. In this regard, cilomilast has some selectivity for PDE4D.
As a result, its maximally tolerated dose may be limited and may be sub-optimal.
Roflumilast, which is not selective among the PDE4 species, may be slightly more
effective clinically, at least in part because it can be dosed at a relatively higher level
because of its increased tolerability. Whether selective PDE4s that minimize the GI side
effects can be developed remains to be seen. Interestingly, in contrast to theophylline,
PDE4 inhibitors may be effective by the inhaled route [58]. This raises the possibility
that they could be delivered via inhalation allowing increased local concentrations without
adverse systemic effects. If PDE4 inhibitors could be combined with other inhaled
products, this could represent an important novel strategy.

Consistent with an anti-inflammatory mechanism of action, PDE4 inhibitors result in
airflow limitation that increases gradually over the first few weeks of therapy [54-56].
In addition, in a study using bronchoscopy and endobronchial biopsy, the PDE4
inhibitor cilomilast was associated with a reduction in inflammatory cells present on
endobronchial biopsy [59].

The anti-inflammatory effect of PDE4 inhibitors raises the possibility that they
could alter the natural history of COPD. Such an effect has not been tested clinically.
As pulmonary structural cells, including fibroblasts, also express PDE4, it is possible
that PDE4 inhibitors could modulate tissue remodeling through actions on structural
cells as well as by targeting airway inflammation [60].

Anti-oxidants

Among the mediators released by inflammatory cells in COPD, oxidants have received
considerable attention [61]. Oxidative stress damages lung extracellular matrix com-
ponents directly contributing to tissue structural alterations. In addition, oxidative
stress can inactivate anti-proteolytic defenses, including a-1 PI that may result in a
functional a-1 PI deficiency [62]. Oxidative stress can, moreover, lead to inactivation
of HDAC?2 and, thereby, may lead to an inflammatory response that is resistant to glu-
cocorticoid down regulation. A number of anti-oxidant strategies have been suggested.
In a relatively large study of 523 subjects, the anti-oxidant N-acetylcysteine (NAC)
was assessed [63]. No effect was observed on the rate of FEV, decline over a 3-year
interval. Similarly, there was no effect on rate of COPD exacerbations in the study as
a whole. There was, however, a reduction in exacerbation frequency in subjects who
were not concurrently treated with glucocorticoids. While the results of this trial were
negative, it remains possible that anti-inflammatory agents more effective than NAC
may have benefit in COPD patients. Moreover, it may be possible to identify a subset
of patients in whom anti-oxidant therapy can have therapeutic benefit.

Anti-proteases

Alpha-1 Protease Inhibitor

Alpha-1 protease inhibitor (a-1 PI, a-1 antitrypsin) is a serum protein that inhibits the
activity of serine proteases. Severe deficiency of this protein, which is made primarily
in the liver, can greatly increase the risk for the development of pulmonary emphy-
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sema [64]. a-1 PI deficiency is a relatively common, inherited disorder occurring in
approximately 1 in 2,500 Americans. It is more common in northern than in southern
Europe. In the USA, a-1 PI has been approved for replacement therapy in individuals
with severe genetic deficiency under the Orphan Drug Act. Since approval, registry
studies suggest that drug administration can slow the rate at which lung function is
lost [64, 65]. While not yet approved in Europe, a randomized, prospective controlled
trial is currently underway.

Patients receiving o-1 PI replacement have also been reported to have a reduction
in the frequency of acute exacerbations [66]. This raises the possibility that a-1 PI
may have additional benefits and is consistent with an anti-inflammatory role for a.-1
PI [67]. It has been suggested that a-1 PI may benefit patients with cystic fibrosis and
patients with COPD with normal a-1 PI levels.

Other Protease Inhibitors

The increased risk of emphysema in patients deficient in a-1 PI served to focus atten-
tion on the role of proteases and antiproteases. It is now clear that several families of
proteases including serine, metallo-, and cysteine proteases, each of which contains
many members, likely play a role in the development of COPD [68]. The activity of
these proteases is regulated by several families of anti-proteases, and these enzymes
interact with each other to comprise a complex network [69]. Considerable preclinical
evidence suggests that these proteases are appropriate targets for therapeutic interven-
tion [40]. A major problem with this type of agent, however, is specificity. Since there
are many proteolytic enzymes released by inflammatory and structural cells, it may
be necessary to use a “broad spectrum” anti-protease. On the other hand, broad spe-
cificities increase the potential for adverse effects. Nevertheless, proteolytic inhibitors
are being explored for use in COPD and it is likely that some compounds will enter
clinical trials.

Anti-TNF-o

Of the inflammatory mediators present in COPD, tumor necrosis factor alpha (TNF-a.)
has attracted considerable attention [70]. Increased levels of TNF-o have been
reported in sputum [71] and in peripheral blood of patients with COPD [72]. TNF-a,
moreover, has been suggested to contribute to the systemic effects that characterize
COPD, including weakness and loss of lean body mass [72, 73]. TNF-a is believed to
contribute to the malaise and systemic effects associated with rheumatoid arthritis. In
this context, blockade of TNF-a with anti-TNF antibodies or a TNF receptor derivative
can rapidly and dramatically improve general well being as well as local inflamma-
tion in rheumatoid arthritis [74]. Based on these observations, infliximab, an anti-TNF
antibody with demonstrated efficacy in rheumatoid arthritis and Crohn’s disease [74],
was assessed in a clinical trial of more than 200 subjects with moderate-to-severe
COPD [70]. No therapeutic benefit was observed in the primary outcome variables:
health status (quality of life) or walking distance. This study was designed to assess
unselected individuals with COPD. Whether this therapy would have been effective
in a subset of individuals is undetermined. In addition, a larger number of malignant
tumors were observed following therapy with anti-TNF antibodies than were observed
in a placebo group. While it is likely that many of these were present, but not clinically
recognizable at the time of study entry, current data do not support the use of anti-TNF
antibodies for the treatment of COPD.
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Currently Available Drugs That May Have Anti-inflammatory
Actions in COPD

Macrolides

The recognition that inflammation plays a major role in the pathogenesis of COPD
has led to the reassessment of a number of traditionally used therapies. Macrolide
antibiotics, for example, are now recognized as having anti-inflammatory as well as
anti-microbial effects [75]. The anti-inflammatory effects were discovered largely as a
consequence of the action of these drugs in treating diffuse panbronchiolitis, an inflam-
matory lung disease that, prior to macrolide therapy, was most commonly progressive
and fatal [76]. Anti-inflammatory effects of macrolides in COPD, both during acute
exacerbations and during stable disease, are now being explored. The concept that
macrolides may act by modulating inflammation may justify the once common clinical
practice of using macrolide antibiotics during COPD exacerbations despite the likeli-
hood that any micro-organism present would not be sensitive. This would represent an
excellent example of theoretical medicine following clinical observation rather than
driving clinical practice.

Theophylline

Similarly, theophylline was, at one time, widely used for the treatment of COPD. At
target blood levels of 10-20 pg/mL that were previously recommended, theophylline
frequently results in nausea and can also result in serious arrhythmias and seizures.
As a result, theophylline use requires frequent blood monitoring and clinical caution.
The complexity of theophylline’s drug—drug interactions, moreover, makes it a relatively
difficult pharmaceutical in many clinical settings. As noted above, theophylline has a
number of biological activities. Among these appears to be induction of the activity of
histone deacetylas-2 [77]. The histone deacetylases (HDAC) are enzymes involved in
modifying DNA structure and regulating gene expression. HDAC2 plays an important
role in suppressing pro-inflammatory genes in response to glucocorticoids. A deficiency
in HDAC2 has been reported in COPD patients [78]. The ability of theophylline to
increase HDAC?2 activity, therefore, raises the possibility that theophylline may have an
important anti-inflammatory action, particularly, in combination with glucocorticoids.

Statins

Statins are agents that are widely used because of their ability to inhibit cholesterol
synthesis and lower circulating lipid levels. These agents have been associated with
the reduction in risk of myocardial infarction. The statins inhibit cholesterol synthesis
at a relatively early step in the pathway: the conversion of acetyl-CoA to mevalonate.
Importantly, several of the intermediates between mevalonate and cholesterol play an
important role in regulation of signaling processes. It appears that statins, by inhibiting
the production of mevalonate, may have anti-inflammatory actions [79, 80]. This raises
the possibility that statins, independent of their effects on cholesterol, may have the
potential for therapeutic efficacy.

Consistent with an action in COPD are clinical observations of patients with COPD
who have been treated with statins. In one clinical database study, Mancini and colleagues
demonstrated that patients treated with statins had lower risk of mortality as well as
hospitalization [81]. This was true for both cardiac events and for COPD-related events.
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When the patients in the database were stratified by cardiac risk, those patients
with low cardiac risk still showed a therapeutic benefit from statins. The benefit
among these individuals was entirely due to a reduction in COPD-related events, as
might be expected since the risk for cardiac events was low. Interestingly, benefits,
although to a lesser degree, were also observed with angiotensin-receptor blockers and
angiotensin-converting enzyme inhibitors. The effect observed with statins has been
supported in an independent database review [82]. It is likely, therefore, that agents
currently used to treat cardiac disease will be assessed for therapeutic benefit,
specifically in patients with COPD.

Cough and Mucus

Despite the fact that cough is among the most common conditions for which patients
seek medical advice, there are no evidence-based therapies currently available and
approved for treating this common symptom in COPD [1-3]. Although the pathophysi-
ology of cough and mucus secretion in COPD remains incompletely understood, it is
likely that neural reflexes play an important role [83]. Agents that target neural signaling
in the airways, therefore, are appealing to therapeutic agents to address this unmet
need. This was the rationale behind the development of sibenadet, an agonist on the D2
dopaminergic receptor. In addition, sibenadet has activity on the 3, adrenergic receptor
[84]. Consistent with actions on this receptor, sibenadet resulted in bronchodilation. In
animal studies, when the beta receptor was blocked, sibenadet continued to suppress
cough, and this activity was blocked by inhibition of the D2 receptor [84]. Clinical trials
with sibenadet were undertaken, and early short-term studies demonstrated an improve-
ment in cough [85]. Unfortunately, this was not sustained during longer term studies,
suggesting the possibility of tachyphylaxis [86]. While the development of sibenadet
was discontinued, the clinical experience with this compound supports the concept that
neurally active agents have the potential to improve cough and possibly sputum produc-
tion in patients with COPD.

In addition to neural stimulation, a number of other stimulatory pathways can lead
to mucus hypersecretion in patients with COPD [87, 88]. These pathways include
both cellular effects, that is induction of goblet cell metaplasia in the airways together
with glandular hypertrophy, as well as regulation of glandular secretion. With the
delineation of these pathways, a number of potential targets that could mitigate mucus
hypersecretion have been identified. It is likely that clinical trials with agents targeting
these pathways will be undertaken.

Pulmonary Vasculature

Agents that modify the pulmonary vasculature are being developed for the treatment of
primary pulmonary hypertension [52]. Many of these agents can also be effective vasodi-
lators in secondary forms of pulmonary hypertension, including COPD. For patients
with COPD who have secondary pulmonary hypertension as a result of hypoxemia,
oxygen is the therapy of choice. However, for other individuals with COPD, pulmonary
vasodilators may have the potential for therapeutic benefit. In this regard, many patients
with COPD develop pulmonary hypertension with exercise. Exercise, moreover, may
be limited in COPD because of compromise in cardiac output. While this may result
from increased intrathoracic pressure consequent to dynamic hyperinflation [89], acute
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increases in pulmonary systolic blood pressure could also play a role [90]. However,
since pulmonary vasoconstriction serves to maintain ventilation-perfusion balance,
and preserve oxygenation, pulmonary vasodilators also have the potential to worsen
oxygenation. Whether these agents will prove useful to treat patients with COPD
remains to be determined.

Systemic Effects

As noted in Chap. 1, COPD is characterized not only by airflow limitation, but also by
systemic effect. Often these systemic effects contribute more to the clinical compromise of
individual patients than do limitations in expiratory airflow. These systemic manifestations
of COPD, therefore, become important targets for clinical intervention. These include
reduction in risk of acute cardiac events, prevention of accelerated loss of bone density,
treatment of depression and restoration of skeletal muscle strength [91].

At the present time, it is unknown if patients with COPD should be treated for
cardiovascular disease, depression or osteoporosis in a manner that differs from the
treatment of these conditions in general. To date, relatively few studies have been con-
ducted in this regard. A number of studies, however, have been conducted addressing
the loss of skeletal muscle mass and compromise exercise performance that characterizes
patients with COPD.

It is likely that several factors contribute to reduced skeletal muscle mass in patients
with COPD, including detraining, systemic effects of inflammation, under nutrition due
to increased caloric requirements and decreased appetite and a deficiency in anabolic
androgens [91]. Exercise training in COPD patients has been demonstrated to improve
muscle performance, consistent with a role for detraining [92]. In addition, nutritional
supplementation has been demonstrated to lead to weight gain in at least a subset of
COPD patients [93]. Anabolic androgens have, in addition, been shown to result in
increased muscle mass [94]. The clinical benefits of the latter two interventions remain
controversial. The benefits of exercise training, however, are well established [92].
Importantly, the benefits of an exercise training program appear to depend on the intensity
of the exercise training. Since exercise is often limited by dynamic hyperinflation [14],
the concurrent use of a bronchodilator during pulmonary rehabilitation appears to result
in a synergistic benefit [95]. The pharmacologic strategies and agents that will best aug-
ment pulmonary exercise rehabilitation programs remain to be defined. It is likely that a
number of novel approaches will be investigated in this regard.

Lung Regeneration

In 1997, Massaro and Massaro demonstrated that, following the development of
emphysema, administration of all-trans retinoic acid stimulates the formation of new
alveolar wall in a rat model [96]. This experiment clearly demonstrated that pulmonary
emphysema was not, as was once believed, entirely irreversible. Those original experi-
ments have been repeated in the mouse, but not in other species [97, 98]. Two limited
trials with all-trans retinoic acid, which is approved for the treatment of certain forms
of leukemia, have been conducted in patients with COPD [99, 100]. Although no unto-
ward adverse effects were observed, no therapeutic benefits were observed either.
Retinoic acid acts on three intracellular receptors: RAR-a, RAR-B and RAR-y.
It appears that the RAR-y receptor may be particularly important in stimulating
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new alveolar wall formation. Based on this, agonists active at the RAR-y receptor
have been developed and are undergoing clinical trials both in patients with a-1 PI
deficiency-associated emphysema and in smokers with normal levels of a-1 PI with
emphysema.

Based on animal studies, there are a number of other potential therapeutic strategies
that could stimulate tissue repair and potentially restore lung function in COPD includ-
ing hepatocyte growth factor [101] and granulocyte colony stimulating factor [102].
It seems likely that novel strategies targeting these pathways will also be pursued. In
addition, the concept that fibrosis is irreversible has also been refuted in a number of
clinical and animal model settings [103]. Thus, it is possible that the peribronchiolar
fibrosis that contributes to airflow limitation in the small airways may also be revers-
ible through therapeutic interventions [104]. A number of potential agents targeting
pathways that regulate repair and remodeling are currently under investigation.

One potential reason for failure of all-trans retinoic acid to stimulate alveolar repair
in non-rodent species might be lack of an appropriately responding cell. In this context,
rodent growth, which can continue throughout life, differs in many respects from that
of other mammalian species. One possible mechanism to account for this difference
would be the persistence of a stem/progenitor cell population capable of responding to
retinoic acid and inducing the formation of new alveolar wall in rodents. This raises
the very interesting possibility that lung regeneration in the human may be facilitated
by concurrent cell-based therapies [102], although the development of such therapeutic
strategies would require many questions to be addressed [105].

Conclusion

COPD is currently regarded as a treatable and preventable disorder frequency [1, 2].
Advances in prevention, particularly in smoking cessation, will help to prevent the
development of COPD. In addition, advances in the treatment of patients with COPD
hold the promise to improve symptomatic treatment beyond the goals achievable with
current therapy, to alter the natural history of the disease including restoration of lost
function, and to address the systemic features of the disorder.
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Smoking Cessation

Arunabh Talwar, Virginia Reichert, and Kalpalatha Guntupalli

Key Points:

» Cigarette smoking is an addiction and a chronic relapsing disorder.

It is the arguably the most important preventable cause of COPD in the developed
world.

* Nicotine sustains the addictive tobacco use. The o432 nicotine acetylcholine receptor
subtype is the main receptor mediating nicotine dependence.

* The clinician must be prepared to address the problem of smoking on a regular basis
and to retreat patients who backslide.

* The best hope of improved treatment for smoking cessation occurs from combining
existing and new pharmacotherapies with effective behavioral therapy.

» To obtain optimum results the therapy should be individualized for each patient.

Keywords Chronic obstructive pulmonary disease » nicotine « smoking cessation

Introduction

Chronic obstructive pulmonary disease (COPD) is defined as a disease state characterized
by the presence of airflow obstruction due to chronic bronchitis or emphysema;
the airflow obstruction is generally progressive. No therapy other than smoking
cessation can affect the survival in this group of patients on a similar scale [1]. Thus
the strategy of smoking cessation has been mentioned as the corner stone of therapy
for COPD |2, 3].

Cigarette smoke causes an inflammatory response in the lower respiratory tract
characterized by the accumulation of pigment-laden alveolar macrophages together
with recruitment of smaller numbers of neutrophils [4]. These activated inflammatory
cells release a variety of mediators, including proteases, oxidants, and toxic peptides,
which can damage lung structures and are believed to be a major cause of the tissue
destruction that leads to emphysema [5]. Thus, prevention and treatment of COPD by
a broad approach, such as smoking cessation education should also be an important
goal for healthcare professionals.

The present chapter mainly focuses on the smoking cessation strategies according to
the recommendations, with particular reference to patients with COPD.

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis 149
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Epidemiology of Cigarette Smoking

Cigarette smoking is an addiction and a chronic relapsing disorder, and is
regarded as a primary disorder by the Department of Health and Human
Services Guidelines in the USA and by the World Health Organization (WHO)
[6]. Therefore, treating tobacco use and dependence should be regarded as
a primary and specific intervention. Smoking should be routinely evaluated
whenever a patient presents to a healthcare facility, and all smokers should
be offered the best chance to treat this disorder. Successful treatment of this
addiction can have a substantial benefit in reducing incidence and complica-
tions of COPD.

World Health Organization (WHO) estimates the total number of tobacco
smokers at 1.1 billion [7]. Approximately 47% of men and 12% of women in
the world smoke at this time [8]. Approximately one third to half of these die
of smoking related diseases [9].

Tobacco use in the United States exacts profound human and economic
costs. These costs argue eloquently for bold, scientifically grounded strategies
to curb tobacco use [10]. The 1999 National Health Interview Survey (NHIS)
estimated that, in the US, 46.5 million adults smoke (25.7% of men and 21.5%
of women). According to the recent Surgeon General’s report, smoking kills
an estimated 440,000 Americans each year. On average, men who smoke cut
their lives short by 13.2 years, and female smokers lose 14.5 years. The eco-
nomic toll exceeds $157 billion each year in the United States — $75 billion in
direct medical costs and $82 billion in lost productivity [6].

Tobacco dependence is a complex behavior problem involving pharmaco-
logical, psychological and social components. Cigarette smoking is an addic-
tion and a chronic relapsing disorder. Smoking should be routinely evaluated
whenever a patient presents to a healthcare facility and all smokers should
be offered the best chance to treat this disorder. Nicotine is the main alkaloid
found in tobacco and is responsible for its addictive potential.

The most comprehensive of the guidelines prepared on smoking cessation
is the Tobacco Use and Dependence evidence based guidelines sponsored by
the US Department of Health and Homan Services and released in 2000 [11].
The guidelines and the meta analyses on which they are based are available
online (Office of the Surgeon General. Tobacco Cessation Guideline. http://
www.surgeongeneral.gov/tobacco/.htm). The key findings of this report are
summarized in Table 9.1.

Brief Intervention

An estimated 70% of smokers see a physician each year, providing physicians
with a substantial opportunity to influence smoking behavior [6]. Given that
S0 many tobacco users visit a primary care clinician each year, it is important
that these clinicians be prepared to intervene with tobacco users who are will-
ing to quit. The five major steps (the “5S A’s”) to intervention in the primary
care setting are listed in Table 9.2. It is important for the clinician to ask the
patient if he or she uses tobacco, advise him or her to quit, assess willingness
to make a quit attempt, assist him or her in making a quit attempt, and arrange
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Table 9.1 The key recommendations of the updated guideline, Treating Tobacco Use and Dependence,
guidelines.

1. Tobacco dependence is a chronic condition that often requires repeated intervention until long-term or even
permanent abstinence is achieved.

2. Effective tobacco dependence treatments are available, and every patient who uses tobacco should be offered
these treatments
e Patients willing to try to quit tobacco use should be provided treatment
e Patients unwilling to try to quit tobacco use should be provided a brief intervention designed to increase
their motivation to quit.

3. It is essential that clinicians and health care delivery systems (including administrators, insurers, and purchasers)
institutionalize the consistent identification, documentation, and treatment of every tobacco user seen in a
health care setting.

4. Brief tobacco dependence treatment is effective, and every patient who uses tobacco should be offered at
least brief treatment.

5. There is a strong dose-response relation between the intensity of tobacco dependence counseling and its
effectiveness. Treatments involving person-to-person contact (via individual, group, or proactive telephone
counseling) are consistently effective, and their effectiveness increases with treatment intensity (e.g., minutes
of contact).

6. Three types of counseling and behavioral therapies were found to be especially effective and should be used
with all patients attempting tobacco cessation:
e Provision of practical counseling (problem solving/skills training);
e Provision of social support as part of treatment (intra-treatment social support); and
e Help in securing social support outside of treatment (extra-treatment social support).

7. Effective pharmacotherapies for smoking cessation now exist. Except in the presence of contraindications,
these should be used with all patients attempting to quit smoking.
e First-line pharmacotherapies were identified that reliably increase long-term smoking abstinence rates:
— Bupropion SR
— Varenicline®
— Nicotine gum
— Nicotine inhaler
— Nicotine nasal spray
— Nicotine patch
— Nicotine Lozenges®
e Two second-line pharmacotherapies were identified as efficacious and may be considered by clinicians if
first-line pharmacotherapies are not effective:
— Clonidine
— Nortriptyline
e Over-the-counter nicotine patches are effective relative to placebo, and their use should be encouraged.

8. Tobacco dependence treatments are both clinically effective and cost-effective relative to other medical and
disease prevention interventions.

“Lozenges approved in October 2002
Varenicline approved in October 2006

Table 9.2 The “5 A’s” for brief intervention.

Ask about tobacco use. Identify and document tobacco use status

for every patient at every visit.
Advise to quit. In a clear, strong and personalized manner

urge every tobacco user to quit
Assess willingness to make a quit attempt. Is the tobacco user willing to make a quit attempt at this time?
Assist in quit attempt. For the patient willing to make a quit attempt,

use counseling and pharmacotherapy to help him or her quit
Arrange follow-up. Schedule follow-up contact, preferably within

the first week after the quit date
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Table 9.3 Enhancing motivation to quit tobacco with the 5 R’s.

Relevance Encourage the patient to indicate why quitting smoking is personally relevant
being as specific as possible

Risks Encourage the patient to identify possible negative consequences of tobacco
use. This can be elaborated into acute risks, long term risks, and environ-
mental risks

Rewards Ask the patient to identify potential benefits of stopping tobacco use

Roadblocks  Ask the patient to identify barriers of impediments to quitting and offer treatments
to address these barriers

Repetition The motivational intervention should be repeated with every visit of an unmoti-
vated patient

for follow-up contacts to prevent relapse. The strategies are designed to be brief,
requiring 3 min or less of direct clinician time. Permanent remission can be achieved
in a substantial number of smokers with the currently available treatments. Another
useful method is called the 5 R’s: relevance, risks, rewards, roadblocks, and repetition
(Table 9.3).

Smokers unwilling to make a quit attempt should be offered a brief motivational
intervention. Tobacco control programs should build motivation to quit smoking and
address salient barriers to cessation, such as emotional distress, post cessation weight
gain problem, and access to and coverage for treatment, and should also educate smok-
ers regarding the specific health benefits of cessation. Smokers interested in quitting
should be informed of the variety of effective interventions available to them and pro-
vided with assistance in selecting the most appropriate option for their circumstances
and needs. The effectiveness of counseling increases with the intensity of treatments,
but even brief interventions are of benefit [6, 11]. Regardless of intensity, all interven-
tions should involve three key components: pharmacologic treatment, clinician-pro-
vided social support and information on problem- solving/ skills training. Clinicians
should also identify and discuss barriers to quitting smoking.

Patients who are interested in quitting within the next month should be helped to
set a quit date, offered pharmacotherapy with nicotine replacement or bupropion or
Varenicline, and referred to a counseling program. The choice of pharmacotherapy
should be based on the patient’s preferences, needs, tolerability and any prior expe-
rience. Symptoms of nicotine withdrawal (tension, agitation, depression, disturbed
sleep) and side effects of nicotine replacement therapy, bupropion and Varenicline
should be explained to patients. If the smoker has severe withdrawal symptoms, crav-
ings, or difficulty maintaining abstinence, a general approach is to start with one NRT
agent and add another NRT agent if needed. Adding pharmacotherapy to in-person
or telephone behavioral counseling doubles the cessation rate, but counseling is also
effective by itself. Follow-up visits should be arranged to prevent relapse. All relapses
should be followed up with discussions of new strategies for the next attempt to quit.
Clinicians should monitor the progress of patients who are trying to quit, and view
relapses not as failures but as opportunities to learn from what happened and to change
tactics [12]. This more aggressive and continuous focus on smoking might be particu-
lar relevance in COPD patients who seem to be more hard core smokers with greater
difficulty in quitting [13]. The educational component of smoking cessation prepares
patients and significant others to be actively involved in providing care, improves their
understanding of the smoking cessation process, and teaches practical ways of dealing
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Table 9.4 Recommendations for smoking cessation in patients with chronic
obstructive pulmonary disease (COPD) (Modified from [1]).

Address smoking at every visit
Use lung function as a risk factor, as well as other individual risk factors
Use carbon monoxide measurements as a natural opportunity to talk about smoking
Help the patient develop a quit plan

Set a quit date — ideally within the next 2 weeks

Provide behavioral support

Anticipate challenges, including withdrawal

Remove all tobacco products. Prior to quitting, avoid smoking in places

where you spend a lot of time (e.g., work, house, car)

Use pharmacotherapeutic agents with frequent clinic visits
Give frequent motivation and support at follow-up visits
Reconsider smoking status every 3—5 months
Use carbon monoxide monitoring as a surrogate for quit status
Smoking cessation should be included in all COPD rehabilitation programs
Arrange follow-up clinic visits in smokers to start a new course of smoking cessation

with disabling relapsing symptoms; this reliance on patients and supportive others to
assume charge is known as a collaborative self management [14].

It might be advantageous to use lung function testing and carbon dioxide monitoring
to motivate the COPD patients [1].All rehabilitation programs must include smoking
cessation as this is the only factor that affects survival in COPD (except for oxygen
therapy in the end stage COPD). Given that the number of providers delivering a mes-
sage may have an important impact on outcomes, the addition of counseling by allied
health professionals (e.g., nurses, respiratory therapist), who typically have more con-
tact with patients, may be more effective than counseling by physicians alone. Table 9.4
summarizes recommendations for smoking cessation in patients with COPD.

Basic Neurobiology of Smoking

The major physiological obstacle to quitting is the addictive nature of nicotine. When
tobacco use is stopped there is a withdrawal syndrome characterized by irritability,
anger, impatience, restlessness, difficulty concentrating, insomnia, increased appetite,
anxiety, and depressed mood. These symptoms usually begin a few hours after the last
cigarette, peak 2-3 days later, and wane over a period of several weeks or months.

After inhaling smoke from a modern cigarette, arterial nicotine levels increase
markedly within 15 s [15]. This nicotine activates the brain reward center (in nucleus
accumbens) by increasing the dopamine release [16]. This brain reward system is a
common pathway for pleasurable activities and most drug addiction. This peak in
plasma nicotine level, and the transient activation of the reward system, is followed by
a gradual fall in nicotine levels into a state of withdrawal [17] which in turn is relieved
by the next cigarette. Dependence arises from the temporal association of the ritual and
sensory inputs with the repeated stimulation and relief of withdrawal.

A greater part of difficulty in quitting is craving for tobacco combined with nicotine
withdrawal syndrome and the pharmacological treatments available so far claim to
relieve craving as well as the withdrawal syndrome.
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Table 9.5 Fagerstrom test for level of nicotine dependence.

How soon after waking do you smoke first cigarette? — Points
Less than 5 min: 3 points
5-30 min: 2 points
31-60 min: 1 point

Do you find it difficult to refrain from smoking in places where it is forbidden
Yes: 1 point
No: 0 point — points

Which cigarette would you most hate to give up?
First one in the morning: 1 point
Any other: 0 point — points

How many cigarettes do you smoke per day? — Points
More than 30 per day: 3 points
21-30 per day: 2 points
11-20 per day: 1 point

Do you smoke more frequently during the first hours after waking than during the rest of the day

Yes: 1 point
No: 0 point — points
Do you smoke if you are so ill that you are in bed most of the day
Yes: 1 point
No: 0 point — points
Total Points
Interpretation
Total points Level of dependence Nicotine replacement therapy
5-6 points heavy nicotine dependence consider 21-mg nicotine patch
3—4 points moderate nicotine dependence  consider 14-mg nicotine patch
0-2 points light nicotine dependence consider 7-mg nicotine patch or no patch

Assessment of Nicotine Dependence

In counseling smokers about the optimal means to achieve cessation, clinicians
should make an assessment of the nicotine dependence, which can be measured via the
Fagerstrom Test of Nicotine Dependence Scale score [18] (greater than or equal to 5)
(see Table 9.5). The two questions that most strongly correlate with the dependence
are the time to first cigarette in the morning (<30 vs>30 min) and the number of
cigarettes smoked per day. Decisions about the best form of therapy can be based on
patient preference, on degree of nicotine dependence measured via the Fagerstrom Test
of Nicotine Dependence Scale score, or habitually smoking the first cigarette within
30 min of awakening) or nicotine replacement therapy history, which includes number
and outcome of previous quit attempts, specific method used, duration, side effects,
and proper usage.

Pharmacological Treatment

Nicotine Replacement Therapy

At present, —Nicotine Replacement Therapy is the most common form of medication
used for the treatment of tobacco dependence. Nicotine medications improve cessation
efforts through one or more of the following five mechanisms: [19] (a) Reducing the
withdrawal symptoms, (b) Reducing the cravings, (c) reducing the reinforcing effects of
tobacco delivered nicotine, (d) providing the reinforcing coping strategy at times when
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Pharmacological Estimated OR Adverse effects/

intervention 95% CI) Dose Duration contraindications

Varenicline 3.85(2.43-4.27) 1 mg bid 12 weeks if quit attempt Nausea, Insomnia

can be extended, for
another 12 weeks
Bupropion SR 2.1 (1.5-3.0) 150 mg every morning for  7-12 weeks, mainte- Insomnia, dry
3 days. then 150 mg nance up to 6 months mouth
]1312]) (beil n treatment Caution: history of
—2 weeks pre-quit) seizures, eating
disorders
Nicotine gum 1.5 (1.3-1.8) 1-24 cigarettes/day: 2 mg  Up to 12 weeks Mouth soreness,
gum (up to 24 pieces); dyspepsia
>25 cigarettes/day: 4 mg
gum (up to 24 pieces)

Nicotine inhaler 2.5 (1.7-3.6) 6-16 cartridges/day Up to 6 months Local irritation
of mouth and
throat

Nicotine nasal 2.7 (1.8-4.1) 840 doses/day 3—6 months Nasal irritation

spray

Nicotine patch 1.9 (1.7-2.2) 1-25 cigarettes/day 4 weeks Local skin irrita-

21 mg/24 h 2 weeks tion, insomnia
14 mg/24 h 2 weeks
7 mg/24 h
>25 cigarettes/day can start
with 21-42 mg/24 h
Nicotine NR Smoke 1st cigarette 8 weeks Mouth soreness,
Lozenges >30 min after awakening dyspepsia
— 2 mg (min 9 mg/max
20 lozenges/day)
Smoke 1st cigarette within
30 min after awakening
—4 mg (min 9 mg/max
20 lozenges/day)

Clonidine 2.1(1.4-3.2) 0.15-0.75 mg/day 3-10 weeks Dry mouth, dizzi-

ness, sedation
Caution: rebound
hypertension

Nortriptyline 3.2(1.8-5.7) 75-100 mg/day 12 weeks Sedation, dry
mouth

Caution: risk of
arrhythmias

OR odds ratio, CI confidence interval, BID twice daily, NR not reported

The information contained within this table is not comprehensive. Please see the package insert for additional information
Nicotine nasal spray and Nicotrol inhaler are available by prescription only. Others (patches, gums, and lozenges) are available

over the counter

Clonidine and Nortriptyline are second-line pharmacotherapeutics (not approved for use for smoking cessation by the FDA)
Varenicline data from reference [68]

craving may occur e.g., stress etc, and (e) providing an alternate source of reinforcing

nicotine effect.

Studies have demonstrated that the use of NRT can significantly increase the abstinence
rate compared to a placebo group, almost doubling the long-term success rate (Table 9.6)
[20]. The initial doses of NRT should be sufficiently high to allow complete suppression
of nicotine withdrawal symptoms, then gradually reduced (usually over 2-6 weeks)
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as tobacco abstinence becomes established. The average 12-month success rate reported
in most studies is about 15-25% [6]. The US Public Health Service recommends that
except in special circumstances (medical contraindications, smoking <10 cigarettes daily,
pregnancy, or breastfeeding), all smokers attempting to quit should be offered nicotine
replacement therapy (strength of recommendation) [6]. When smokers use these products
they must cease all tobacco use before starting the NRT because of concerns about nicotine
toxicity with concurrent NRT and tobacco use.

Food and Drugs Administration (FDA) has approved five types of NRT for use by
smokers to help in quitting. These are Nicotine gum (2 and 4 mg). Nicotine patch
(7-21 mg), nicotine oral inhaler, nicotine nasal spray and nicotine polacrilex loz-
enge (2 and 4 mg). In USA, Nicotine Gum, patches, and lozenges are available over
the counter, whereas the inhaler and spray can only be obtained with a physician’s
prescription. The faster acting NRT’s (e.g., spray, gum, inhaler) are self dosing sys-
tems to be used ad libitum and help reduce craving [21] and in contrast, the patch
supplies constant, low level of nicotine which can help relieve nicotine withdrawal
symptoms [22]. Nicotine sublingual tablets are also available in some countries out-
side USA. A number of other products, including nicotine water, and lollipops are
available to public in other countries without having been properly evaluated to obtain
medicine license [23].

In a review of 108 trials, the odds ratio for abstinence with NRT compared to control
was 1.73 (95% confidence interval 1.62—1.85). The odds ratios for the different forms
of NRT were 1.66 for gum, 1.76 for patches, 2.27 for nasal spray, 2.08 for inhaled
nicotine and 1.73 for nicotine sublingual tablet. These odds were largely independent
of the duration of therapy, the intensity of additional support provided, or the setting
in which the NRT was offered. In highly dependent smokers, there was a significant
benefit of 4 mg gum compared with 2 mg gum (odds ratio 2.67, 95% confidence interval
1.69-4.22) [20].

Nicotine Product Choices

Use of nicotine replacement therapy should be preferentially directed to smokers who
are motivated to quit, and have high levels of nicotine dependency. Choice of which
form to use should reflect patient needs, tolerability and cost considerations. Patches
are likely to be easier to use than gum or nasal spray in primary care settings [20].
Patients report a preference for patches over gums, sprays or the inhaler and tend to
use patches nearer to the fashion recommended, but these differences do not affect
cessation rate [24]. Comparative studies suggest that all the available forms of NRTs
are roughly equally efficacious [25, 26].

Smokers unwilling to give up oral and behavioral rituals of smoking may perceive
the inhaler as being more helpful [27]. Higher doses of nicotine gum or lozenge (4 mg
vs 2 mg) increase quit rates in heavy smokers. Use of high-dose patches (>21 mg) may
benefit heavy smokers or those who relapse due to nicotine withdrawal [11].

Patients who have a stomach ulcer or diabetes should not use gum or lozenges, but
may use patches. However, patients who have an allergy to adhesive tape or preexisting
skin problems should not choose nicotine patch. Nicotine gum 2 mg is for those who
smoke fewer than 25 cigarettes daily, but Nicotine gum 4 mg is for those who smoke
25 or more daily. Lozenges use a different index for the initial choice. Those who
smoke their first cigarette more than 30 min after waking should begin with the 2-mg
lozenge, and those who smoke their first cigarette within 30 min of waking up should
begin by using the 4-mg lozenge [28]. All nicotine replacement therapies delay but do
not prevent weight gain. There is a dose-response relationship between nicotine gum
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and weight gain: smokers who use more gum gain less weight [11]. NRT has been used
in COPD patients as well. In the lung health study, 3,094 smokers with mild COPD
were followed for 5 years. The use of 2 mg gum appeared safe with no significant
side effects [29].

Safety of NRT

Continued smoking whilst on NRT is likely to cause adverse effects due to higher
nicotine levels. These may include headache, heartburn, hiccoughs, nausea, vomiting,
coughing, irritation in the mouth and throat, aphthous ulcers, acne, confusion, abdominal
pain, back pain, myalgia, flatulence, and more rarely, palpitations, sleep disturbance,
and dizziness. Some have questioned the possibility of oral cancer from close contact
of the lozenges with oral mucosa. While oral cancer results from the use of chewing
tobacco and snuff, lozenges (like Nicorette Gum) are free of the carcinogens that are
formed from nicotine during curing, aging, and fermentation of tobacco [30].

Cardiovascular risk and the use of NRT have been systematically studied since the
nicotine patch was released in 1991. The doses of nicotine from cigarette smoking
are generally higher and more rapid than from the slower NRT delivery [31]. There are
also other cardiotoxic substances apart from nicotine in cigarette smoke. The flat dose
response relation for nicotine ensures that the effects of smoking along with NRT are
similar to that of smoking alone. Trials apparently suggest that NRT use in those with
stable CV disease does not increase CV risk [32]. Separate analyses have documented
the lack of an association between use of the nicotine patch and acute cardiovascular
events, even in patients who continue to smoke intermittently while using the nicotine
patch [33]. Others have advocated the use of a lower dose patch in post MI patients who
are at risk for resuming smoking [34].

Nicotine is metabolized more quickly in pregnancy [35]. Plasma clearances of
nicotine and cotinine (its principal metabolite) are increased by 60% and 140%,
respectively, and the half life of cotinine is reduced in pregnant women (9 vs 17 h
in non-pregnant women). Among continuing smokers this could, in theory, lead
to compensatory smoking to maintain desired nicotine concentrations, and hence
increase fetal harm. It may also reduce the efficacy of nicotine replacement since
conventional doses will provide less nicotine substitution. To date, however, the
efficacy of nicotine replacement therapy in pregnancy is not known. The only com-
pleted and published randomized controlled trial of nicotine replacement (delivered
by transdermal patches) showed no difference from placebo, but the numbers studied
were small, and the trial was underpowered to determine whether nicotine replace-
ment was effective [36]. Nevertheless, babies born to women in the nicotine treat-
ment group had significantly higher birth weights than those in the placebo group
(mean difference 186 g (95% confidence interval 35 to 336 g)), indicating that the
intrauterine growth restriction caused by smoking is probably not attributable to
nicotine. Pregnant patients should be encouraged to quit on their own. Those who
fail and make an informed choice about the NRT should probably be advised to use
shorter acting products (Nasal sprays and chewing gum) to minimize fetal exposure
to nicotine overnight [37].

Combination Nicotine Products

A strategy for further improving the efficacy of NRT is the combination of one medi-
cation that allows for passive nicotine delivery (e.g., transdermal patch) with another
medication that permits ad libitum nicotine delivery (e.g., gum, nasal spray, and inhaler)
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[38, 39]. The rationale for combining NRT medications is that smokers may need both a
slow delivery system to achieve a constant concentration of nicotine to relieve cravings
and tobacco withdrawal symptoms, as well as a faster acting preparation that can be
administered on demand for immediate relief of breakthrough cravings and withdrawal
symptoms [40]. Patients should be encouraged to use combined treatments if unable to
quit using a single form of first-line pharmacotherapy [11, 41].

Bupropion

There are at least two reasons to believe antidepressants might help in smoking ces-
sation. Depression may be a symptom of nicotine withdrawal, and smoking cessation
sometimes precipitates depression. In some individuals, nicotine may have antidepres-
sant effects that maintain smoking [42]. Antidepressants may substitute for this effect.
Sustained release bupropion (Bupropion SR) is the only antidepressant currently
approved by the FDA for smoking cessation in USA; although it is not licensed for that
purpose in many other countries. It is a dopamine and norepinephrine reuptake inhibi-
tor and ameliorates the extent of withdrawal symptoms during abstinence [43]. It may
also act as a nicotine receptor antagonist, reducing the reinforcing potential of nicotine
[44, 45], Typically, bupropion is initiated 1 week before the target quit date, with dos-
ing at 150 mg/day for 3 days and then 150 mg twice daily for the remainder of the
duration. Unlike the NRTs, there is no absolute requirement that smokers should quit
before the target quit date. At this dose abstinence rate of up to 44% has been reported
at 7 weeks after the treatment [46]. Recent studies have extended its use to prevent-
ing smoking relapse after initial achievement of smoking cessation [47]. Treatment
for as long as a year has been reported, but an inability to maintain abstinence after
4 weeks would warrant termination of treatment with bupropion [48]. Meta analysis
published by the Cochrane groups reveals that bupropion doubles quit rates as com-
pared to placebo (OR 1.97, 95% CI 1.67-2.34) [49]. Bupropion SR seems particularly
more effective in individuals who smoke more than 10-15 cigarettes per day and are
motivated to quit [50]. The primary side effects are headache, jitteriness, dry mouth,
initial insomnia, and gastrointestinal symptoms. The drug is contraindicated in patients
with seizures but otherwise appears safe [51]; the rate of de novo seizures is very low
(approximately 0.1%) and observed mainly when the dose exceeds 450 mg/day. There
are few studies that have used bupropion successfully for smoking cessation treatments
in subjects with COPD [52, 53].

When combined with the nicotine patch, the control of cravings is better in groups
using bupropion plus nicotine patch than in groups with bupropion or the patch alone [54].
However, the most appropriate place of such combination treatment in the therapeutic
armamentarium requires further study and consideration.

Varenicline

Varenicline affects the central nicotine receptors by binding to the specific o432
receptors as a partial nicotine agonist and selective nicotinic receptor modulator. As
a partial agonist, it is believed to eliminate the reward from smoking and prevent
withdrawal symptoms. Varenicline is well absorbed and primarily excreted unchanged
(92%) in urine. It has a half-life of 17 h and takes 4.3 h to reach maximum concentra-
tion. Smokers are asked to up-titrate their dose to Varenicline 1 mg twice daily during
the first 7 days of treatment, to stop smoking on day 8, and to continue treatment for
12 weeks.
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In two studies (n=1,025 and 1,027) with similar design, Varenicline 1 mg bid was
compared with buropion SR 150 mg BID versus placebo for 3 months. The quit rate
after 1 year was 22% (and 23%) for Varenicline, 16.4% (and 15%) for bupropion,
and 8.4 (and 10.3%) for placebo, i.e., quit rates for Varenicline were significantly
higher versus placebo and bupropion [55, 56]. The major side effects were nausea
and abnormal dreams. Varenicline employs a new and interesting mechanism for the
treatment of tobacco dependence. In a maintenance study, 1,927 smokers were treated
open-label with Varenicline for 3 months, with a 3-month point prevalence quit rate
of 64.1%. Successful quitters continued with Varenicline for another 3 months
in a double-blind design, with a quit rate from week 13-52 of 43.6 versus 36.9%
(p=0.02), suggesting that some smokers may benefit from 6 months’ therapy with
varenicline to maintain abstinence [57].It is expected that with more documentation
and experience, Varenicline will be a first-line drug in smoking cessation [58].

Second Line Medications for Smoking Cessation

There has been a general surge of interest in the use of other antidepressants for aiding
long-term smoking cessation. Tricyclic antidepressants (TCA) such as nortriptyline
inhibit the reuptake of norepinephrine and 5 HT, and may help in smoking cessation.
However TCAs have significant side effects such as anticholinergic activity and possi-
bility of overdose. Five trials of nortriptyline for smoking cessation have demonstrated
its efficacy, with a pooled odds ratio of 2.8 (95% confidence interval =1.8—4.3) [49].
Doses used in smoking cessation trials have initiated treatment at a dose of 25 mg/
day, increasing gradually to a target dose of 75-100 mg/day. Therapy is initiated
10-28 days before the quit date to allow nortriptyline to reach steady state at the target
dose. Duration of treatment used in smoking cessation trials has been approximately
12 weeks. Most commonly reported side effects of Nortriptyline include sedation, dry
mouth, blurred vision, urinary retention, lightheadedness, and shaky hands. In view of
the risk of arrhythmias, nortriptyline should be used with extreme caution in patients
with cardiovascular disease. Similarly, Selegiline — a monoamine oxidase type B
(MAO-B) inhibitor that increases presynaptic dopaminergic concentration has shown
promise in initial trials [59]. Other drugs that have been studied include doxepin [60]
(e.g., fluoxetine, paroxetine), moclobemide, Buspar, and venlafaxine. While the results
of the trials of these drugs is outside the scope of this article, none of these drugs have
the strength of evidence to make them realistic contenders for the first-line treatments
for tobacco dependence.

Clonidine

Clonidine is a o 2-adrenoreceptor agonist used as a hypertension receptor, but it is
also found useful in the treatment of opioid withdrawal. The Surgeon General’s report
and the Cochrane review rank clonidine as a second-line agent [61]. Meta analyses of
published studies suggest that it nearly doubles the quit rate [62]. Usually, it is initiated
on the quit date or shortly before (up to 3 days) the quit date. Initial dosing is typically
0.10 mg twice daily or 0.10-mg/day transdermal patch, increasing by 0.10 mg/day/
week if needed. The dose duration has varied across the clinical trials, ranging from 3
to 10 weeks. The most commonly reported side effects include dry mouth, drowsiness,
dizziness, sedation, and constipation. As an antihypertensive medication, clonidine can
be expected to lower blood pressure in most patients. Therefore, clinicians may need
to monitor blood pressure when using this medication. Abrupt cessation can cause
rebound hypertension.
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Table 9.7 Summary of cognitive and behavioral tobacco cessation counseling strategies [69, 70].

Strategy

Comment

Cognitive approaches
Commitment to quit

Distract thought pattern
Think positive

Relaxation through imagery

Rehearse responses to
possible scenarios

Behavioral approaches
Coping with Stress
Alcohol

Other tobacco users
Satisfying oral gratification

urges

Break automatic smoking
routines

Post-cessation weight gain

Tobacco cravings

Have patients verbalize out loud that they want to be a nonsmoker and that they
will overcome temporary temptations

Encourage patients to think about something else when the urge to smoke occurs

Smokers should give themselves “pep talks” to keep on track despite obstacles
they face

Focus thinking on positive, relaxing images

Practice how to react when temptations arise, such as if at a social gathering
where there are other smokers, or if someone offers a cigarette

Rehearse coping strategies to deal with work, school, or with family stresses,
e.g., taking a walk, deep breathing, calling a friend for support, or massaging

Alcohol use can lead to relapse so patients should be advised to limit or abstain
from drinking, especially in the early stages of trying to quit

Try to limit exposure to fellow family members, co-workers, and friends who are
smoking. Encourage them to not smoke in your presence

Keep non-tobacco oral substitutes on hand, including gum, sugarless candy,
straws, bottled water, or NTR

Identify situations when smoking is often part of an everyday activity and try
to displace the smoking behavior from the routine. For example, smoking
while drinking morning coffee — take a walk after breakfast; driving — have
car detailed and aired out to remove all signs of cigarettes in the vehicle such as
ashtrays, etc. and have some gum handy when they drive; telephone — keep hands
busy, walk and talk, limit length of call; after meals — don’t linger at the table,
call a friend

Can be a barrier to quitting so address the issue, encouraging healthful eating
with increased fruits and vegetables, adequate water intake and a modest exercise
program; moderation is the key

Usually temporary, 5-10 min in duration; encourage distractive behavior and
thinking

Recent Advances in Smoking Cessation Therapy

A cornerstone of effective treatment is tobacco dependence counseling, for which there
is a dose response relation between the intensity of counseling (total minutes of con-
tact) and its effectiveness. A broad range of non pharmacologic support strategies are
available, including behavioral, cognitive and motivational interventions (Table 9.7).
There are clear synergies when behavioral support and pharmacotherapy are used in
combination. The best results occur when clinicians individualize a specific therapeutic
program for each patient. In addition, recognizing that smoking is a relapsing disorder,
the clinician must be prepared to readdress the problem of smoking on a regular basis
and retreat patients who relapse.

The recent interest in smoking cessation has triggered a rapid increase in development
of potential new non-nicotine pharmacotherapies, including, anabasine, reboxetine,
and rimonabant. Successful new products need to have excellent side-effect profiles in
addition to proven efficacy.

The drug rimonabant (Acomplia) is effective for weight loss and smoking cessation;
Rimonabant has been called the anti-marijuana. CB1 blockers act on the endocannabinoid
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system (the EC system), a natural system that modulates the body’s energy balance
and nicotine dependence. An over-stimulated EC system is thought to play a role in
obesity and in tobacco dependence, and CB1 blockers are supposed to reduce this
overstimulation. Results from a recently presented trial shows that rimonabant is effec-
tive for smoking cessation and post cessation weight gain. The 10-week trial enrolled
nearly 800 men and women who smoked an average of 23 cigarettes a day before the
study began. The goal was no smoking for at least 4 consecutive weeks. Of those who
completed the study, 36.2% of those who received a 20-mg dose of rimonabant quit
smoking compared with about one fifth of those who received placebo. None of these
smokers were obese. But participants in the placebo group gained 6.6 b, while those in
the rimonabant group gained only 1.5 1b [63].

Anabaseine is a compound that binds selectively to a subtype of nicotinic receptors,
the o7 nicotinic acetylcholinergic receptors (nAChR). In addition, it is also an antagonist
of a4-B2 receptors. The a7- may be an important modulator of neurons in brain that
control both the reward and aversive properties of nicotine [64]. Its role in impacting
smoking cessation is still being studied.

Other formulations under development include a nicotine buccal adhesive tablet
[65], rapid release nicotine gum [21] and nicotine solution drops [66]. These new
faster delivery nicotine replacement products have the promise of addressing a broader
list of indications, including treatment of nicotine withdrawal during temporary absti-
nence and long-term nicotine maintenance. Phase I trials of Trials of nicotine vaccine
[67] have been completed but any future nicotine vaccine will need to demonstrate
clinical efficacy and also improve certain consumer acceptability characteristics (e.g.,
frequency of injections required) before they can become widely used and successful
therapies [19].

Conclusion

Smoking cessation is a low cost intervention; it is of proven benefit in patients with
COPD. Smoking cessation activities and support for its implementation should be
integrated into the health care system. Despite evidence that physicians can impact
smoking habits, this component of intervention remains underutilized. The outcome
of smoking cessation has improved with the availability of proper behavior approaches
and medications. Incorporating these guidelines into daily clinical practice ensures that
as health care providers we provide the opportunity for our patients to quit smoking.
The best hope of improved treatment comes from combining existing and new phar-
macotherapies with effective behavioral therapy [19].

NRT and bupropion SR are first-line treatments for smoking cessation. Smokers
attempting to quit should be encouraged to use these drugs to aid cessation, except in
the presence of contraindications. Different NRTs (gum, patch, inhaler, nasal spray,
lozenge and sublingual tablets) are equally effective as smoking cessation treatments.
Combining the nicotine patch with a self-administered form of NRT can be more effec-
tive than a single form of NRT. NRT should be used to aid cessation in all smokers with
COPD, regardless of disease severity and number of cigarettes smoked). Combined
treatment with bupropion SR and NRT might be more effective in heavy smokers. Both
NRT and bupropion SR are effective and well tolerated in smokers with stable cardio-
vascular disease and in COPD patients (evidence level A). There is no evidence that
selective serotonin re-uptake inhibitors (SSRIs) have any effect in smoking cessation.
Varenicline might have an additional therapeutic effect as smoking cessation treatment.
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However until more documentation and experience is needed in patients with occur.
Regular follow-up visits are important and are linked with longer-term successful out-
come. The best hope of improved treatment comes from combining existing and new
pharmacotherapies with effective behavioral therapy [58]. Table 9.6 summarizes the
data on efficacy of various pharmacological agents used for smoking cessation.

References

N =

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

. Gratziou C, Tonnesen P (2006) Smoking cessation and prevention. Eur Respir Mon 38:242-57
. Celli BR, MacNee W (2004) Standards for the diagnosis and treatment of patients with

COPD: a summary of the ATS/ERS position paper. Eur Respir J 23(6):932—46

. GIfCOLDG (2005) Workshop Report: global strategy for the diagnosis, management, and

prevention of chronic obstructive pulmonary disease. Update 2005: Available at: www.
goldcopd.com

. Rennard SI, Togo S, Holz O (2006) Cigarette smoke inhibits alveolar repair: a mechanism

for the development of emphysema. Proc Am Thorac Soc 3(8):703-8

. Repine JE, Bast A, Lankhorst I (1997) Oxidative stress in chronic obstructive pulmonary

disease. Oxidative stress study group. Am J Respir Crit Care Med 156(2 Pt 1):341-57

. A clinical practice guideline for treating tobacco use and dependence: A US Public Health

Service report (2000) The tobacco use and dependence clinical practice guideline panel,
staff, and consortium representatives. ] Am Med Assoc 283(24):3244-54

. Karnath B (2002) Smoking cessation. Am J Med 112(5):399-405
. Fagerstrom K (2002) The epidemiology of smoking: health consequences and benefits of

cessation. Drugs 62(Suppl 2):1-9

. Doll R, Peto R (1976) Mortality in relation to smoking: 20 years’ observations on male

British doctors. Br Med J 2(6051):1525-36

Fiore MC, McCarthy DE, Jackson TC et al (2004) Integrating smoking cessation treatment
into primary care: an effectiveness study. Prev Med 38(4):412-20

Fiore MC, Bailey WC, Cohen SJ (2000) Treating tobacco use and dependence: clinical
practice guideline. US Department of Health and Human Services, Public Health Service,
Rockville, June 2000

Talwar A, Jain M, Vijayan VK (2004) Pharmacotherapy of tobacco dependence. Med Clin
North Am 88(6):1517-34

Chronic obstructive pulmonary disease (2004) National clinical guideline on management
of chronic obstructive pulmonary disease in adults in primary and secondary care. Thorax
59(Suppl 1):1-232

Tougaard L, Krone T, Sorknaes A, Ellegaard H (1992) Economic benefits of teaching
patients with chronic obstructive pulmonary disease about their illness. The PASTMA
group. Lancet 339(8808):1517-20

Stauffer HP, Riedwyl H (1977) Interaction and pH dependence of effects of nicotine and
carbon monoxide in cigarette smoke inhalation experiments with rats. Agents Actions
7(5-6):579-88

Zhou FM, Liang Y, Dani JA (2001) Endogenous nicotinic cholinergic activity regulates
dopamine release in the striatum. Nat Neurosci 4(12):1224-9

Pontieri FE, Tanda G, Orzi F, Di Chiara G (1996) Effects of nicotine on the nucleus
accumbens and similarity to those of addictive drugs. Nature 382(6588):255-7

. Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991) The Fagerstrom test

for nicotine dependence: a revision of the Fagerstrom tolerance questionnaire. Br J Addict
86(9):1119-27

Foulds J, Burke M, Steinberg M, Williams JM, Ziedonis DM (2004) Advances in pharma-
cotherapy for tobacco dependence. Expert Opin Emerg Drugs 9(1):39-53

Silagy C, Lancaster T, Stead L, Mant D, Fowler G (2001) Nicotine replacement therapy for
smoking cessation. Cochrane Database Syst Rev (3):CD000146


http://www.goldcopd.com
http://www.goldcopd.com

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

9 Smoking Cessation

Shiffman S, Shadel WG, Niaura R et al (2003) Efficacy of acute administration of nicotine
gum in relief of cue-provoked cigarette craving. Psychopharmacology (Berl) 166(4):343-50
Hughes JR, Goldstein MG, Hurt RD, Shiffman S (1999) Recent advances in the pharmaco-
therapy of smoking. ] Am Med Assoc 281(1):72-6

Foulds J, Russell MA, Jarvis MJ, Feyerabend C (1998) Nicotine absorption and dependence
in unlicensed lozenges available over the counter. Addiction 93(9):1427-31

West R, Hajek P, Nilsson F, Foulds J, May S, Meadows A (2001) Individual differences in
preferences for and responses to four nicotine replacement products. Psychopharmacology
(Berl) 153(2):225-30

Hajek P, West R, Foulds J, Nilsson F, Burrows S, Meadow A (1999) Randomized comparative
trial of nicotine polacrilex, a transdermal patch, nasal spray, and an inhaler. Arch Intern Med
159(17):2033-8

Hughes JR, Shiffman S, Callas P, Zhang J (2003) A meta-analysis of the efficacy of over-the-
counter nicotine replacement. Tob Control 12(1):21-7

Schneider NG, Olmstead R, Nilsson F, Mody FV, Franzon M, Doan K (1996) Efficacy of
a nicotine inhaler in smoking cessation: a double-blind, placebo-controlled trial. Addiction
91(9):1293-306

Shiffman S, Dresler CM, Hajek P, Gilburt SJ, Targett DA, Strahs KR (2002) Efficacy of a
nicotine lozenge for smoking cessation. Arch Intern Med 162(11):1267-76

Murray RP, Bailey WC, Daniels K et al (1996) Safety of nicotine polacrilex gum used
by 3, 094 participants in the lung health study. Lung Health Study Research Group. Chest
109(2):438-45

Hoffmann D, Djordjevic MV (1997) Chemical composition and carcinogenicity of smokeless
tobacco. Adv Dent Res 11(3):322-9

Benowitz NL, Gourlay SG (1997) Cardiovascular toxicity of nicotine: implications for
nicotine replacement therapy. J Am Coll Cardiol 29(7):1422-31

Keeley EC, Pirwitz MJ, Landau C et al (1996) Intranasal nicotine spray does not augment
the adverse effects of cigarette smoking on myocardial oxygen demand or coronary arterial
dimensions. Am J Med 101(4):357-63

Nicotine replacement therapy for patients with coronary artery disease (1994) Working
group for the study of transdermal nicotine in patients with coronary artery disease. Arch
Intern Med 154(9):989-95

Benowitz NL (1993) Nicotine replacement therapy. What has been accomplished — can we
do better? Drugs 45(2):157-70

Dempsey D, Jacob P 3rd, Benowitz NL (2002) Accelerated metabolism of nicotine and
cotinine in pregnant smokers. J Pharmacol Exp Ther 301(2):594-8

Wisborg K, Henriksen TB, Jespersen LB, Secher NJ (2000) Nicotine patches for pregnant
smokers: a randomized controlled study. Obstet Gynecol 96(6):967-71

Molyneux A (2004) Nicotine replacement therapy. Br Med J 328(7437):454-6

Sweeney CT, Fant RV, Fagerstrom KO, McGovern JF, Henningfield JE (2001) Combination
nicotine replacement therapy for smoking cessation: rationale, efficacy and tolerability.
CNS Drugs 15(6):453-67

Fagerstrom KO, Schneider NG, Lunell E (1993) Effectiveness of nicotine patch and
nicotine gum as individual versus combined treatments for tobacco withdrawal symptoms.
Psychopharmacology (Berl) 111(3):271-7

Kornitzer M, Boutsen M, Dramaix M, Thijs J, Gustavsson G (1995) Combined use of
nicotine patch and gum in smoking cessation: a placebo-controlled clinical trial. Prev Med
24(1):41-7

. Bohadana A, Nilsson F, Rasmussen T, Martinet Y (2000) Nicotine inhaler and nicotine

patch as a combination therapy for smoking cessation: a randomized, double-blind, placebo-
controlled trial. Arch Intern Med 160(20):3128-34

Kassel JD, Stroud LR, Paronis CA (2003) Smoking, stress, and negative affect: correlation,
causation, and context across stages of smoking. Psychol Bull 129(2):270-304

Ascher JA, Cole JO, Colin JN et al (1995) Bupropion: a review of its mechanism of antide-
pressant activity. J Clin Psychiatry 56(9):395-401

163



164 A. Talwar et al.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Slemmer JE, Martin BR, Damaj MI (2000) Bupropion is a nicotinic antagonist. J Pharmacol
Exp Ther 295(1):321-7

Rauhut AS, Neugebauer N, Dwoskin LP, Bardo MT (2003) Effect of bupropion on nicotine
self-administration in rats. Psychopharmacology (Berl) 169(1):1-9

Hurt RD, Sachs DP, Glover ED et al (1997) A comparison of sustained-release bupropion
and placebo for smoking cessation. N Engl J Med 337(17):1195-202

Hays JT, Hurt RD, Rigotti NA et al (2001) Sustained-release bupropion for pharmacologic
relapse prevention after smoking cessation. a randomized, controlled trial. Ann Intern Med
135(6):423-33

Hays JT, Ebbert JO (2003) Bupropion sustained release for treatment of tobacco dependence.
Mayo Clin Proc 78(8):1020—4, quiz 4

Hughes JR, Stead LF, Lancaster T (2003) Antidepressants for smoking cessation. Cochrane
Database Syst Rev (2):CD000031

Coleman T (2001) Smoking cessation: integrating recent advances into clinical practice.
Thorax 56(7):579-82

Martinez-Raga J, Keaney F, Sutherland G, Perez-Galvez B, Strang J (2003) Treatment of
nicotine dependence with bupropion SR: review of its efficacy, safety and pharmacological
profile. Addict Biol 8(1):13-21

Tashkin D, Kanner R, Bailey W et al (2001) Smoking cessation in patients with chronic
obstructive pulmonary disease: a double-blind, placebo-controlled, randomised trial. Lancet
357(9268):1571-5

Wagena EJ, Knipschild PG, Huibers MJ, Wouters EF, van Schayck CP (2005) Efficacy of
bupropion and nortriptyline for smoking cessation among people at risk for or with chronic
obstructive pulmonary disease. Arch Intern Med 165(19):2286-92

Jorenby DE, Leischow SJ, Nides MA et al (1999) A controlled trial of sustained-release
bupropion, a nicotine patch, or both for smoking cessation. N Engl J Med 340(9):685-91
Gonzales D, Rennard SI, Nides M et al (2006) Varenicline, an a4f2 nicotinic acetylcholine
receptor partial agonist, vs sustained-release bupropion and placebo for smoking cessation:
a randomized controlled trial. ] Am Med Assoc 296(1):47-55

Jorenby DE, Hays JT, Rigotti NA et al (2006) Efficacy of varenicline, an 0432 nicotinic
acetylcholine receptor partial agonist, vs placebo or sustained-release bupropion for smoking
cessation: a randomized controlled trial. ] Am Med Assoc 296(1):56-63

Tonstad S, Tonnesen P, Hajek P, Williams KE, Billing CB, Reeves KR (2006) Effect of
maintenance therapy with varenicline on smoking cessation: a randomized controlled trial.
J Am Med Assoc 296(1):64-71

Tonnesen P, Carrozzi L, Fagerstrom KO et al (2007) Smoking cessation in patients with respi-
ratory diseases: a high priority, integral component of therapy. Eur Respir J 29(2):390-417
George TP, Vessicchio JC, Termine A, Jatlow PI, Kosten TR, O’Malley SS (2003) A pre-
liminary placebo-controlled trial of selegiline hydrochloride for smoking cessation. Biol
Psychiatry 53(2):136-43

Edwards NB, Murphy JK, Downs AD, Ackerman BJ, Rosenthal TL (1989) Doxepin as an
adjunct to smoking cessation: a double-blind pilot study. Am J Psychiatry 146(3):373-6
Gourlay SG, Stead LF, Benowitz NL (2000) Clonidine for smoking cessation. Cochrane
Database Syst Rev (2):CD000058

Gourlay SG, Benowitz NL (1995) Is clonidine an effective smoking cessation therapy?
Drugs 50(2):197-207

Anthenelli RM (2004) Effects of rimonabant in the reduction of major cardiovascular
risk factors. Results from the STRATUS-US trial (Smoking cessation in smokers motivated
to quit). In: American college of cardiology 53rd annual scientific meeting, New Orleans,
9 March 2004

Laviolette SR, van der Kooy D (2004) The neurobiology of nicotine addiction: bridging the
gap from molecules to behaviour. Nat Rev Neurosci 5(1):55-65

Park CR, Munday DL (2002) Development and evaluation of a biphasic buccal adhesive
tablet for nicotine replacement therapy. Int J Pharm 237(1-2):215-26



66.

67.

68.

69.

70.

9 Smoking Cessation

Westman EC, Tomlin KF, Perkins CE, Rose JE (2001) Oral nicotine solution for smoking
cessation: a pilot tolerability study. Nicotine Tob Res 3(4):391-6

Lindmayer K, Horwith G, Fattom A, et.al (2003) Results of phase I double-blinded controlled
safety and immunogenicity trial of NICVAX, a nicotine conjugated vaccine. Society for
Research on Nicotine and Tobacco, 9th Annual Meeting, New Orleans (Abstract)

Cachill K, Stead LF, Lancaster T (2007) Nicotine receptor partial agonists for smoking
cessation. Cochrane Database Syst Rev (January 24) (1):CD006103

Rigotti NA (2002) Clinical practice. Treatment of tobacco use and dependence. N Engl J
Med 346(7):506-12

Villano LM, White AR (2004) Alternative therapies for tobacco dependence. Med Clin
North Am 88(6):1607-21

165






10

Pulmonary Rehabilitation

Charlie K. Lan, Linda Nici, and Richard Zu Wallack

Key Points:

Pulmonary Rehabilitation is an evidence-based, multidisciplinary, and comprehensive
intervention for patients with chronic respiratory diseases.
Consequences of COPD include:

* Respiratory limitation

» Reripheral muscle dysfunction
* Respiratory muscle dysfunction
e Cardiac abnormality

* Nutritional abnormality

* Skeletal abnormality

* Psychosocial issue

Recent studies have unraveled mechanistic reasons why pulmonary rehabilitation works.
The components of pulmonary rehabilitation include:

* Assessment/re-assessment

» Exercise training

e Education and self-management strategies
* Nutritional intervention

* Psychological and social consideration

Pulmonary rehabilitation has emerged as an evidence-based science showing its effec-
tiveness across multiple outcome areas. However, pulmonary rehabilitation does
not improve forced expiratory volume at 1 s (FEV1).

Pulmonary rehabilitation has now become one of the standard therapies for chronic
obstructive pulmonary disease.

The major goals of pulmonary rehabilitation are:

* To reduce burden of symptoms such as dyspnoea and fatigue
* To improve functional status

* To increase participation in physical and social activities

* To improve health related quality of life

* To reduce health care utilization

The following are general criteria for pulmonary rehabilitation referral:

* Severe dyspnoea and/or fatigue
* Decreased exercise ability
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* Interference with performing physical activities of daily living
e Impaired health status

e Decreased occupational performance

¢ Nutritional depletion

* Frequent respiratory exacerbations

* Increased medical resource consumption

Pulmonary rehabilitation should be administered throughout the course of COPD, be
an integral part of COPD therapy, and complement pharmacological intervention
for COPD.

Pulmonary rehabilitation is still under-utilized due to combination of under-awareness
of its effectiveness by health care providers, unavailability of programs in some area,
and insufficient third-party reimbursement.

Keywords Muscle dysfunction « exercise training e depression

Introduction

Pulmonary rehabilitation has been accepted by clinicians for decades as an effective
therapy for patients with COPD [1]. However, over the past 15 years there has been
the unraveling of some of the mechanistic reasons why pulmonary rehabilitation works
and the emergence of an evidence-based science showing its effectiveness across mul-
tiple outcome areas. With this new scientific information, pulmonary rehabilitation has
risen to prominence as a standard therapy for COPD. In fact, the positive signals from
this therapy in exercise performance, dyspnoea relief, and health status usually exceed
those from other treatments such as bronchodilators. In this regard, pulmonary reha-
bilitation should be considered complementary to pharmacologic therapy for COPD.

Pulmonary rehabilitation is now prominently placed in treatment guidelines for
COPD: both the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines and the American Thoracic Society — European Respiratory Society
Statement on the Diagnosis and Treatment of COPD recommend it for COPD of
moderate severity or greater [2, 3]. Figure 10.1 [2] outlines the treatment algorithm
for COPD, placing pulmonary rehabilitation alongside regular bronchodilator therapy.
A summary of some of the scientific developments leading to these guideline recom-
mendations is given in Table 10.1.

Definition and Rationale of Pulmonary Rehabilitation

The American Thoracic Society and the European Respiratory Society define pulmonary
rehabilitation as “an evidence-based, multidisciplinary, and comprehensive interven-
tion for patients with chronic respiratory diseases who are symptomatic and often have
decreased daily life activities. Integrated into the individualized treatment of the patient,
pulmonary rehabilitation is designed to reduce symptoms, optimize functional status,
increase participation, and reduce health care costs through stabilizing or reversing sys-
temic manifestations of the disease” [4].

The Statement goes on to describe the process of pulmonary rehabilitation:
“Although there is considerable variability among pulmonary rehabilitation programs,
most provide patient assessment, exercise training, education and self management
strategies. These interventions address the primary and the secondary impairments
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Stage I: Mild II: Moderate Ill: Severe IV: Very Severe

Characteristics FEV1/FVC < 70% FEV1/FVC < 70% FEV1/FVC < 70% FEV1/FVC < 70%
FEV1 >=80% 50% <= FEV1 < 80%| 30% <= FEV1 < 50%| FEV1 < 30%
predicted predicted predicted predicted or FEV1 <

50% predicted plus
chronic respiratory
failure

Therapy Avoidance of Risk Factors
Influenza Vaccination
Add Short-acting bronchodilator when needed

Add regular treatment with one or more long-acting
bronchodilators when needed
Add Pulmonary Rehabilitation

Add inhaled glucocorticosteroids if
repeated exacerbations

Add long-term
oxygen if chronic
respiratory failure
and consider
surgical treatment

Fig. 10.1. Gold report on chronic obstructive pulmonary disease (COPD) management [2]. The Global initiative for
chronic obstructive lung disease (GOLD) published a report on global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease in placing pulmonary rehabilitation a part of standard therapy
for COPD alongside regular bronchodilator therapy in their outlines of treatment algorithm for COPD

Table 10.1 A brief history of pulmonary rehabilitation.

1980s  Pulmonary rehabilitation is recognized as effective by clinicians and is successfully
utilized without much evidence base

1987  Guyatt reports on the Chronic Respiratory Disease Questionnaire (CRQ), a COPD-
specific health status [140]. Health status improves substantially with pulmonary
rehabilitation despite the fact that there is usually no measurable change in FEV1

1991  Casaburi and colleagues [117] demonstrate that exercise training produces a physiologic
training effect in patients with COPD, and this effect is dose (intensity) dependent

1994  Reardon and colleagues [141] show that pulmonary rehabilitation improves dyspnoea
during exercise testing and associated with activities

1995  Ries and colleagues [136] report on the first large randomized trail of pulmonary
rehabilitation, with demonstrated benefits over multiple outcome areas

1996  Maltais demonstrates biochemical alterations in muscles of COPD patients, and their
changes following exercise training

1998  O’Donnell and colleagues demonstrate some of the physiologic underpinnings to the
reduction in dyspnoea associated with exercise training

2000  Griffiths and colleagues demonstrate the positive effects of pulmonary rehabilitation
on health care utilization

2003  Bourbeau and colleagues demonstrate that a self management strategy has measurable
benefits in COPD outpatients

associated with the respiratory disease” [4]. Nutritional intervention and psychosocial
support are also provided, when required. Pulmonary rehabilitation is usually provided
by an interdisciplinary team in collaboration with the patient and family, and is spe-
cifically tailored to the unique needs of the individual. Its components are listed in
Table 10.2.
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Table 10.2 Components of comprehensive pulmonary rehabilitation programs [142].

. Education, emphasizing self-management strategies

. Upper and lower extremity endurance and resistance exercise training

. Psychosocial support

. Nutritional assessment and intervention

. Outcome assessment

. Promotion of long-term adherence through encouragement of activity and exercise
in the home setting

AN B W=

The above components are tailored to the specific needs of the individual patient

Table 10.3 Positive outcomes associated with pulmonary rehabilitation.

1. Decreased exertional dyspnoea and dyspnoea associated with daily activities [143]
2. Increased exercise performance [144]

3. Improved health related quality of life [145]

4. Enhanced functional status [146]

5. Reduced health care utilization [147-149]

Pulmonary rehabilitation has proven beneficial effects over multiple outcome areas,
[5] as outlined in Table 10.3. In most cases, the positive signal from pulmonary reha-
bilitation in areas such as dyspnoea relief and exercise performance enhancement is
appreciably greater than that from other conventional treatments, including long act-
ing bronchodilators. However, pulmonary rehabilitation and pharmacologic therapy
should be considered complementary: (1) if a COPD patient remains symptomatic
despite bronchodilators, pulmonary rehabilitation would likely provide additional
benefit, and (2) optimal bronchodilation allows for higher intensity exercise training
during pulmonary rehabilitation, thereby enhancing its effects.

Respiratory and Systemic Consequences of COPD

COPD is a respiratory disease with prominent systemic consequences. Table 10.4 lists
some of these systemic consequences. Systemic abnormalities, especially peripheral
muscle dysfunction, play a prominent role in the exercise intolerance and dyspnoea in
this disease [3, 4, 6].

Respiratory Limitations

Ventilatory limitation is probably the most proximate factor that contributes to exer-
cise intolerance in COPD [7, 8]. In most cases, dyspnoea relates to a combination of
increased resistive and elastic work of breathing. During exercise, the increased ventila-
tory demand and resultant increase in respiratory rate lead to dynamic lung hyperinfla-
tion. This further increases ventilatory constraint, intensifies the sensation of dyspnoea,
and contributes to exercise limitation [9]. Techniques like pursed-lip breathing, which is
often part of breathing re-training in pulmonary rehabilitation, reduce end-expiratory chest
wall volume and breathlessness by lengthening total expiratory time [10].

Both hypoxemia and hypercapnia may directly or indirectly cause exercise limitation.
Hypoxemia increases the output from peripheral chemoreceptors in the carotid body to
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Table 10.4 Consequences of chronic respiratory disease.

Respiratory limitation
Air-flow obstruction
Static and dynamic hyperinflation
Increased dead-space ventilation
Impaired gas exchange

Peripheral Muscle Dysfunction
Due to inactivity
Steroid myopathy
Inflammatory state
Increased oxidative stress
Early onset of lactic acidemia

Respiratory Muscle Dysfunction

Cardiac Impairment
Cardiovascular deconditioning
Cor pulmonale

Nutritional and body composition abnormalities

Skeletal Disease
Osteoporosis

Psychosocial Issues
Depression, anxiety

the respiratory center, resulting in increased ventilatory drive [11-13]. This increased
ventilatory drive adds to dynamic lung hyperinflation, further aggravating breathless-
ness and exercise intolerance. Hypoxia also decreases anaerobic threshold, causing
lactic acid production at a relatively low work-load. Lactic acid increases the production
of carbon dioxide (which must be eliminated) and requires increased ventilation to
overcome metabolic acidosis [12].

Peripheral Muscle Dysfunction

Skeletal muscle dysfunction is well recognized in COPD patients. Abnormalities
include atrophy [14], decreases in oxidative enzymes [15], and decreased ratio of
type I to type II muscle fibers. [14] These result in decreased strength [16], reduced
endurance [14], impaired oxidative capacity [14, 15], increased fatigability [14], and
reduced aerobic capacity [15]. Exercise training, as part of pulmonary rehabilitation,
tends to reduce the severity of these abnormalities [41].

An important factor contributing to peripheral muscle abnormalities in COPD is
a sedentary lifestyle [17]. Inactivity results in deconditioning and skeletal muscle
atrophy [18]. However, inactivity is not the only factor in muscle dysfunction. For
example, 6 months of high-intensity exercise training does not completely normal-
ize skeletal muscle strength in COPD [19]. Furthermore, the abnormal type I to
type II muscle fibers ratio in COPD remains, even after controlling for the level
of activity [20].

The systemic inflammatory process in COPD, especially mediated through
increased level of tumor necrosis factor alpha (TNF-o.), undoubtedly contributes to
skeletal muscle abnormalities [21]. Through its catabolic effect, TNF-a reduces muscle
mass and function. This systemic inflammatory response is most prominent during and
following the COPD exacerbation [22].

Skeletal muscle dysfunction is also caused by chronic corticosteroid use [23].
Additionally, there is evidence for oxidative stress in muscles of patients with COPD [24].
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Both exercise and acute exacerbation of COPD increase the mitochondrial activity, which
results in generation of large amount of free radicals. This imbalance of oxidant-antioxidant
activity causes oxidative damage to contractile proteins in COPD.

Respiratory Muscle Dysfunction

The mechanisms that contribute to peripheral skeletal muscle dysfunction discussed
previously (with exception of inactivity) undoubtedly also apply to the diaphragm.
As an adaptation, the diaphragm has a greater resistance to fatigue and the ability to
generate greater force at the same lung volume compared to normal individuals [25].
However, static and dynamic hyperinflation requires the COPD patient to breath at a
higher lung volume, placing the diaphragm at a great mechanical disadvantage.

Cardiac Abnormalities

Inactivity associated with chronic lung disease results in cardiovascular decondition-
ing and contributes to exercise limitation. As COPD progresses to chronic respiratory
failure, increased right ventricular after-load from hypoxia-mediated pulmonary vaso-
constriction leads to cor pulmonale. This eventually leads to decreased stroke volume
and increased heart rate, further limiting exercise tolerance [26]. Finally, dynamic
hyperinflation during exercise increases intrapleural pressure and right atrial pressure;
this leads to a reduction of venous return and a decrease in cardiac output, further
limiting exercise performance.

Nutritional Abnormalities

Nutritional abnormalities, especially decreased muscle mass, contribute to the morbidity
and mortality of COPD [27]. For example, decreased fat-free mass is associated with
decreased peripheral muscle strength, independent of disease severity [28]. Nutritional
intervention associated with pulmonary rehabilitation results in improvement of fat-free
mass loss, exercise tolerance, and decreases mortality [29].

Skeletal Abnormalities

There is an increased risk of decreased bone mineral density in COPD patients: two-
thirds have radiological evidence of either osteoporosis or osteopenia [30]. The underlying
etiology may be related to combination of smoking, vitamin D deficiency, inactivity,
low-body mass index, hypogonadism, and use of glucocorticoids [30]. Consequently,
the risk of vertebral fracture in COPD patients is a great concern. Kyphoscoliosis and
pain caused by thoracic vertebral fracture further compromise the mechanical disadvan-
tage of the thoracic cage and contribute to dyspnoea and exercise limitation.

Psychosocial Factors

Depression is very common in patients with COPD, with prevalence as high as 50%
in some series [31, 32]. Consequently, the assessment for psychosocial problems such
as depression and anxiety (and treatment when indicated) is an important component
of comprehensive pulmonary rehabilitation. Treatment for depression and anxiety can
improve the overall quality of life, help in smoking cessation, medication compliance,
and adherence to pulmonary rehabilitation [33]. Even without specific psychological
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intervention, pulmonary rehabilitation can lead to some improvement in depressive
symptoms in some individuals [34]. Patients with significant psychosocial problems
should be referred to a specialist.

Why Pulmonary Rehabilitation Works

Pulmonary rehabilitation has no substantial effect on the primary lung impairment,
such as the FEV1, of patients with COPD. This fact, plus the incorrect perception that
these patients are often ventilatory-limited before a physiologic training effect can be
achieved, has delayed the widespread acceptance of pulmonary rehabilitation as a ther-
apeutic option. This paradox is explained by the often-pronounced beneficial effects
of pulmonary rehabilitation on the multi-systemic manifestations of this disease [35].
These manifestations include peripheral muscle dysfunction due to deconditioning and
structural muscle abnormalities (decreased oxidative enzymes and changes in muscle
fibers), nutritional and body composition abnormalities, sub-optimal self-management
strategies (especially for the exacerbation), fear of dyspnoea-producing activities, inef-
ficient pacing, and anxiety and depression.

Selection Criteria for Pulmonary Rehabilitation

Pulmonary rehabilitation should be considered for patients with chronic respiratory
disease, who have persistent symptoms or reductions in functional status or health status
despite otherwise standard medical therapy. COPD is the most common disease leading
to pulmonary rehabilitation, although all respiratory patients with the above indications
might be candidates. This is based on the rationale that the reversible co-morbidities
are also present in other chronic respiratory diseases. In general, the referral to pulmonary
rehabilitation is based on the following inclusion criteria [36]:

. Severe dyspnoea and/or fatigue

. Decreased exercise ability

. Interference with performing physical activities of daily living
. Impaired health status

. Decreased occupational performance

. Nutritional depletion

. Frequent respiratory exacerbations

. Increased medical resource consumption

0NN AW~

Persistent symptoms or limitation in functional or health status in an individual
with chronic respiratory disease determine the need for pulmonary rehabilitation,
not a specific physiologic abnormality such as a reduced FEV 1. Furthermore, markers
of physiologic abnormalities such as the FEV1 correlate relatively poorly with clinical
variables such as dyspnoea, exercise capacity, activity limitation, or quality of life.
Therefore, the FEV1 should not be used as a surrogate for assessment in these areas
and or as the sole criterion for referral.

Referral to pulmonary rehabilitation has been all too often reserved for patients with
advanced lung disease. While these patients improve with pulmonary rehabilitation [37],
referral at an earlier stage might allow for greater benefit, with emphasis on preventative
strategies, such as smoking cessation or activity promotion, exercise at higher intensities.
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As such, current COPD guidelines place referral to pulmonary rehabilitation at moderate
disease stage, where regular bronchodilator therapy is also recommended.

Contraindications fall into two major categories. Patients with co-morbid conditions
that, in the clinician’s opinion, would substantially interfere with the rehabilitative
process are not candidates for pulmonary rehabilitation. Examples include disabling
arthritis, or severe neuropsychiatric disease. Patients with a condition that might place
them at undue risk during exercise training, such as severe pulmonary hypertension
and unstable cardiovascular disease, are also not candidates. Since many COPD
patients have these conditions to some degree, an assessment by a physician experi-
enced in pulmonary rehabilitation is essential to determine the appropriateness and
safety of this intervention.

Poor motivation is a relative contraindication to pulmonary rehabilitation, since the
process requires active collaboration among the patient and health care providers. This
is especially relevant the area of incorporating activity and exercise into the home situ-
ation. However, seemingly low levels of motivation might improve over the course of
pulmonary rehabilitation, especially if patients perceive a demonstrable benefit from
the therapy. Active cigarette smokers may be reasonable candidates for pulmonary
rehabilitation providing that behavioral and/or pharmacologic smoking cessation
intervention is given.

Goals of Pulmonary Rehabilitation

The specific goals of pulmonary rehabilitation vary with morbidity and needs of indi-
vidual patients. In general, its goals include a reduced burden of symptoms such as
dyspnoea and fatigue, improved functional status, and improve health related quality
of life. The latter is reflected by decreased bothersome symptoms and increased par-
ticipation in physical and social activities. The reduction in health care utilization is an
additional goal of pulmonary rehabilitation.

Components of Pulmonary Rehabilitation

Assessment

A thorough patient assessment lays the framework for successful pulmonary rehabili-
tation. This assessment is necessary to determine the appropriateness of the referral,
recognize safety issues, ensure optimal medical management, address supplemental
oxygen requirements, identify exercise, educational, nutritional, and psychosocial
needs, create the exercise prescription, and establish patient-specific goals. This process
involves the collaborative efforts of the medical director, the rehabilitation coordinator,
and other staff. The patient assessment may also include a maximal cardiopulmonary
exercise test, which can assess the safety of exercise, and the factors contributing to
exercise limitation [38]. The exercise test can also help with the exercise prescription.

Exercise Training

Exercise training is the cornerstone of pulmonary rehabilitation. As the most effective
means of improving muscle function in COPD [39-41], it is indicated for patients with
decreased exercise performance, disabling dyspnoea or fatigue, or impairment of physi-
cal activities of daily living. Most COPD patients referred for pulmonary rehabilitation
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are in a relatively stable state; however the post-exacerbation period is an opportune
time to begin this intervention [42]. Exercise training must address the individual
patient’s limitation to exercise, which may include ventilatory limitations, gas exchange
abnormalities, and skeletal or respiratory muscle dysfunction. Exercise training may
also improve motivation for exercise, reduce mood disturbance [43, 44], decrease
symptoms [45], and improve cardiovascular function. Although COPD patients may be
ventilatory-limited, most can sustain the necessary training intensity and duration for
skeletal muscle adaptation.

While exercise training is a necessary component of pulmonary rehabilitation, the
optimal frequency and duration are not known. Outpatient exercise training with 2 or 3
sessions per week for 4 weeks showed less benefit than similar training for 7 weeks
[46, 47]. Additionally, 20 sessions leads to greater positive outcomes than 10 sessions
[48]. It is generally believed that longer programs yield larger and more sustained training
effects [49]. Patients should perform exercises at least three times per week, and regular
supervision of exercise sessions is necessary to achieve optimal physiological benefits
[50, 51]. If there are program constraints, twice-weekly supervised exercise training plus
one or more unsupervised sessions at home may be an acceptable alternative.

In general, the goal of exercise training in pulmonary rehabilitation is to achieve
maximal physiological training effects, which is best attained at high intensities [52].
While an intensity that exceeds 60% of peak capacity is sufficient to elicit physi-
ological training effects [53], in clinical practice, symptom scores can be used to adjust
training load [54] — a Borg score of 4-6 for dyspnoea is a reasonable target [52]. Many
COPD patients can train at relatively high percentages of their maximal work-rate.
However, this approach may not be suitable to all patients because of symptom limitation,
substantial co-morbidities, or low motivation. These patients still stand to benefit from
lower intensity training, since this training also improves symptoms, health status, and
activities of daily living [55, 56]. Low intensity targets may be important in long-term
adherence to the exercise prescription. Interval training can be considered for patients
who cannot sustain long uninterrupted periods of endurance training. It is a modifica-
tion where the longer exercise session is replaced by several smaller sessions separated
by periods of rest or lower intensity exercise [57].

Exercise training in pulmonary rehabilitation has traditionally focused on the lower
extremities, with most of supervised whole body exercise usually performed on a
treadmill or cycle ergometer. Rehabilitation programs also using encourage walking.
However, since many activities of daily living involve upper extremities and improve-
ment is specific to those muscles trained, upper limb exercises should also be incorpo-
rated into the program [58]. Upper extremity exercises can include training on an arm
cycle ergometer, free weights, and elastic bands. Upper limb exercise training reduces
dyspnoea during upper limb activities and reduces ventilatory requirements for arm
elevation [59, 60].

Strength (resistance) training in COPD [61] has a greater effect in increasing muscle
mass and strength than endurance training [40, 62, 63]. As this type of exercise results
in less dyspnoea, it may be better tolerated than endurance training. The combination
of endurance and strength training is probably the optimal approach to treat peripheral
muscle dysfunction in COPD.

Education and Self-management Strategies

Patient education is a core component of pulmonary rehabilitation [4, 64]. Its emphasis
has changed from traditional, didactic lectures to the promotion of self-management
strategies. The latter emphasize illness control through increasing self efficacy.
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In this context, self-efficacy is the belief that one can successfully execute particular
behaviors in order to produce certain outcomes [65]. The desired result is health behav-
ior change that leads to improved clinical outcomes, including adherence [66, 67]. Self-
management interventions emphasize ways to integrate the demands of the disease
and its treatment into a daily routine. Important areas include the prevention and early
treatment of COPD exacerbations, informed end-of-life decision making, smoking
cessation strategies (when indicated), promotion of adherence to the treatment plan,
and breathing strategies and bronchial hygiene techniques.

Prevention and early treatment of COPD exacerbations is especially important as
they can result in a more rapid decline of lung function [68], increased peripheral
muscle weakness [69], decreased health status [70], increased health care utilization
[71, 72], and increased mortality [73]. Early therapy speeds recovery [74] and reduces
health care costs [75]. COPD patients should be educated to respond early in the exac-
erbation by activating an action plan. This usually includes initiating a predetermined
medication regimen and alerting the health care provider. Pulmonary rehabilitation is
an appropriate setting for the discussion of advance care planning and palliative care
[76, 77].

Breathing strategies may provide benefit in some patients [78]. These techniques
include pursed-lip breathing, active expiration, diaphragmatic breathing, adapting
specific body positions, and coordinating paced breathing with activities. In some COPD
patients, mucus hypersecretion and difficulty mobilizing secretions adds to the burden
of the disease. Instruction in the importance of bronchial hygiene and training in drainage
techniques are appropriate for these patients [79].

Recent evidence [75] demonstrates that a multi-component, skill-oriented, self-
management program that incorporates an exacerbation action plan and home exercise
promotion can reduce health care utilization and improve health status.

Patients with COPD are not unique: adherence to therapeutic interventions is crucial
to health behavior in all chronic disease [80]. Developing self-management skills,
incorporating and promoting exercise into the home setting early in the course of
rehabilitation, providing longer lasting programs [81], and offering post-rehabilitation
maintenance programs may enhance long term adherence.

Nutritional Intervention

Body composition abnormalities are prevalent in COPD: individuals with moderate-
to-severe disease are frequently underweight [82, 83]. Muscle wasting associated
with COPD is more common in, but by no means limited to, underweight patients.
At a minimum, a body mass index (BMI), defined as the weight in kg divided by the
height in meters squared, should be determined. Based on the BMI, patients can be
categorized as underweight (<21 kg/m?), normal weight (21-25 kg/m?), overweight
(25-30 kg/m?) and obese (>30 kg/m?). Recent weight loss (>10% in the past 6 months
or >5% in the past month) is also an important independent predictor of morbidity
and mortality in COPD. The BMI, however, may not accurately reflect changes in
body composition as reductions in fat-free or lean body mass [84, 85] also common in
COPD, better correlate with exercise limitation, reduced health status, increased health
care utilization, and reduced survival [86-89].

The rationale for evaluating and treating nutritional/body composition abnormality
in COPD is based primarily on its high prevalence and association with morbidity
and mortality. Several physiological and pharmacological interventions may poten-
tially improve body composition abnormalities in COPD. These interventions include
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caloric replacement [90, 91], strength training [40, 92], anabolic hormonal therapy [93,
94], or their combinations. It remains to be determined whether improvement in body
composition will translate into real functional benefits and or increased survival.

Psychological and Social Considerations

Chronic respiratory disease is commonly associated with anxiety, depression and
other mental health disorders [95]. Psychosocial support provided within pulmonary
rehabilitation can improve mood disorders by encouraging adaptive behaviors, diminishing
negative emotions, and providing a supportive environment.

Depressive symptoms are common in patients with moderate to severe COPD, with
an approximate prevalence rate of 45% [96]. Sub-clinical depression can be seen in up
to 25% of elderly COPD patients [97], yet both depression and anxiety in the elderly
are significantly under-treated [98]. Impaired gas exchange may also lead to mild
to moderate neuropsychological impairments such as difficulties in concentration,
memory disturbances, cognitive dysfunction, difficulty solving common problems in
daily living, missed office or clinic appointments, or failure to adhere to the medical
and self-management plans [44]. Oxygen supplementation should be considered those
patients with documented hypoxemia.

The initial patient assessment should include a psychosocial evaluation. Screening
questionnaires such as the Hospital Anxiety and Depression Questionnaire or Beck
Depression Inventory may aid in the recognition of significant anxiety and depression
[99, 100]. While moderate levels of anxiety or depression may be addressed in the pul-
monary rehabilitation program, patients identified as having significant psychosocial
disturbances should be referred to an appropriate mental health practitioner prior to
the start of the program.

Settings of Pulmonary Rehabilitation

The success of pulmonary rehabilitation depends more on how it is given rather than
where it is provided. In general, pulmonary rehabilitation can be in three settings, inpa-
tient, outpatient, and home-based. Clinical efficacy has been demonstrated in all three
settings [5, 101, 102]. The choice of pulmonary rehabilitation setting often depends on
patient factors such as disease severity and co-morbidities, availability and distance to
the pulmonary rehabilitation programs, and third-party reimbursement.

Although clinical efficacy has been shown with pulmonary rehabilitation program
regardless of the setting, there are certain advantage and disadvantage associated
with each setting. Table 10.5 outlines some advantages and disadvantages of each
setting [101].

Pulmonary Rehabilitation as Part of Integrated Care

Optimal medical care for individuals with COPD generally requires combining phar-
macologic and non-pharmacologic therapies. The latter include the promotion of a
healthy lifestyle (smoking cessation, optimal nutrition, regular exercise, and promo-
tion of physical activity), vaccinations, adherence with medical therapy, collaborative
self-management strategies (an action plan for the early and effective treatment of
exacerbations), and advance directives as part of end-of-life planning.
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Table 10.5 Advantages and disadvantages of pulmonary rehabilitation in different
settings (Adapted from [101]).

Advantages Disadvantages
Inpatient Closer medical monitoring Cost
Intensive nursing care available 24 h/day  Difficulty in third-party
Fewer transpor tation issues reimbursement
Ideal for patients requiring higher level Limited availability of programs
of care
Outpatient By far, the most widely available Potential transportation issues
Least costly, efficient use of staff Little opportunity to observe home
resources activities
Least intrusive to the family
Home-based Convenience to patient and family Cost
Transportation generally is not an issue Little group support
Providing exercise training and instruction Logistically difficult to provide
in a familiar environment may promote multidisciplinary care
long-term adherence Limited access to exercise equipment

The incorporation of the above interventions is simply good medical practice. This
concept has been emphasized in the recent Statement on Pulmonary Rehabilitation
developed by the American Thoracic Society and the European Respiratory Society:
“In a broader sense, pulmonary rehabilitation includes a spectrum of intervention
strategies integrated into the lifelong management of patients with chronic respiratory
disease and involves a dynamic, active collaboration among the patient, the family, and
health care providers” [4]. The most efficient and effective method of providing these
therapies for patients with moderate to severe COPD is comprehensive pulmonary
rehabilitation. However, not all individuals are candidates for pulmonary rehabilitation
or even have access to this therapy, so efforts should be given to foster its application
across the spectrum of COPD.

Developing Areas in the Science and Application of Pulmonary
Rehabilitation

Activity and Exercise in COPD

The progression of COPD is often characterized by deteriorating respiratory physiol-
ogy (such as a declining FEV1) and progressive limitation in exercise capacity and
physical activity levels. In response to the dyspnoea and fatigue associated with physi-
cal exertion, patients often subconsciously adopt a more sedentary lifestyle, limiting
or giving up strenuous physical activities [103]. While this strategy reduces distressing
symptoms (one cannot have exertional dyspnoea without exertion), the activity limita-
tion is itself detrimental, being associated with higher mortality and increased hospital
resource utilization [104].

Although clinicians have long recognized that COPD patients are quite sedentary,
only recently was this proven with direct activity assessment [105], as illustrated in
Fig. 10.2 [105]. Compared to healthy elderly subjects, COPD patients walk and stand
considerably less over the course of the day. Physical activities appear to be particularly
reduced in the period following the exacerbation of COPD [106], and when the disease
has reached the stage when long-term oxygen therapy is required [107].
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Fig. 10.2. Difference in the activities of healthy elderly versus chronic obstructive pulmonary
disease (COPD) patients [105]. Percentages of time spent in each of the activities or body posi-
tions in healthy subjects compared to patients with COPD during the day (others = cycling or
undetermined activity)

It is reasonable to assume that improved exercise tolerance from pulmonary reha-
bilitation will lead to increased physical activities in COPD patients. While this has yet
to be proven unequivocally, one recent study did find increased activity levels following
outpatient pulmonary rehabilitation [108]. However, pulmonary rehabilitation is more
than just exercise training; alternately, it could increase physical activities of daily living,
independent of its effect on exercise performance. For example, improved pacing
and increased self-efficacy for walking may increase activity despite no demonstrable
improvement in exercise testing.

Decreases in both functional exercise capacity and physical activity appear to be
related to increased health care utilization and mortality in COPD [109—-111]. It remains
to be determined whether improvements in exercise or physical activity resulting from
pulmonary rehabilitation will lead to improved outcomes in these important areas —
although this is certainly plausible.

Initiating Pulmonary Rehabilitation Immediately Following
the COPD Exacerbation

COPD patients are usually sent to pulmonary rehabilitation when they still have both-
ersome symptoms or physical activity limitation despite otherwise optimal medical
therapy. While the referral might be made at discharge following a hospitalization
for an exacerbation, patients are commonly sent to rehabilitation in a relatively stable
state [112]. However, as recent studies indicate, referring patients to pulmonary reha-
bilitation shortly after hospitalization for a COPD exacerbation may substantially
reduce subsequent health care utilization and — possibly — mortality risk [113]. New
self-management strategies, such as early treatment of subsequent exacerbations, plus
enhanced exercise capacity and physical activity probably underlie these beneficial
health benefits.
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Fig. 10.3. The effect of exercise training on lung volumes [116]. Higher inspiratory capacity
(IC) values reflect lower end-expiratory lung volumes. IC dropped rapidly at baseline (line with
circle symbols) during exercise in untrained chronic obstructive pulmonary disease (COPD)
subjects, indicating the rapid development of dynamic hyperinflation. Following exercise
training, not only was exercise endurance time (x-axis) prolonged, there was considerably less
dynamic hyperinflation (line with triangle symbols)

Lung Hyperinflation and Exercise Training in COPD

Exercise capacity in patients with COPD is limited in large part by dyspnoea resulting
from static and dynamic hyperinflation [114]. At increased lung volumes, the elastic
work of breathing is increased and the respiratory muscles are placed at a mechanical
disadvantage [115]. Furthermore, exercising de-conditioned muscles of ambulation
requires disproportionate increases in minute ventilation, resulting in part from early
lactic acid production. The need for an increased respiratory rate in response to the
above, coupled with a prolonged expiratory time causes the patient to breathe in before
the preceding breath is fully exhaled. The resultant dynamic hyperinflation plays a
large role in the exertional dyspnoea of COPD.

Exercise training in COPD indirectly reduces dynamic hyperinflation because of
its beneficial effects on peripheral muscles, especially the muscles of ambulation.
Trained muscles produce less lactate at any given work rate, resulting in a decreased
respiratory rate [116]. The lower respiratory rate during exercise will allow for more
complete lung emptying with each breath — thereby reducing dynamic hyperinflation.
Fig. 10.3 [116] depicts this indirect beneficial effect on lung volumes. The reduction in
hyperinflation undoubtedly contributes to the positive effects pulmonary rehabilitation
exercise training has on exercise performance.

Enhancing Exercise Training Effects in Pulmonary Rehabilitation

Substantial improvement in exercise performance is often attained following a super-
vised exercise training program for patients with COPD. However, similar to that with
healthy individuals, beneficial effects are dose-dependent — higher levels of training
lead to greater physiologic gains [117-119]. Two strategies that would allow COPD
patients to train at higher intensities, bronchodilators and supplemental oxygen therapy,
will be discussed below.
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Fig. 10.4. Long-acting bronchodilator therapy and exercise training in chronic obstructive pulmo-
nary disease (COPD) patients [126]. COPD patients referred to pulmonary rehabilitation were ran-
domized to the long-acting anticholinergic bronchodilator, tiotropium, or placebo at week O in this
double-blind trial. Short acting bronchodilators were used in all patients, as-needed. From weeks
5 to 13 both groups participated in high-intensity exercise training as part of pulmonary rehabilita-
tion. After rehabilitation they continued their maintenance pharmacologic therapy (tiotropium or
placebo) until week 25. Exercise endurance (y-axis) improved in both groups during pulmonary
rehabilitation, but those taking the long-acting bronchodilator therapy improved more. Moreover,
this beneficial effect appeared to be sustained after the formal exercise training. This study under-
scores the complementary effects of bronchodilators and exercise training in COPD

Bronchodilators

Bronchodilator therapy in COPD reduces dyspnoea and improves exercise toler-
ance [120-122]. Dilating airways decreases the resistive work of breathing and
reduces dyspnoea. Additionally, lessening static and dynamic hyperinflation
decreases the elastic work of breathing, further alleviating dyspnoea [123, 124].
Through these mechanisms, bronchodilators may allow COPD patients to exercise
at higher intensities, thereby increasing the likelihood of a substantial gain in
exercise performance.

Bronchodilator therapy may even change the primary cause of exercise limitation
from exertional dyspnoea to leg fatigue; the latter being particularly amenable to exer-
cise training [125]. The additive effects of combining these two modalities are shown
in Fig. 10.4 [126]. This study underscores the complementary effects of bronchodila-
tors and exercise training in COPD.

Supplemental Oxygen

Long-term oxygen therapy prolongs survival in COPD patients with severe hypox-
emia [127, 128]. Because of this, there is rationale for continuing oxygen therapy in
hypoxemic patients during exercise training. It is also reasonable (both from a safety
perspective and to enhance outcome) to administer supplemental oxygen during
exercise and activity in patients who do not require continuous O, therapy but have
exercise-induced hypoxemia [129].

COPD patients for whom ambulatory oxygen therapy is prescribed are very
sedentary, and the oxygen prescription does not significantly increase activity
[130]. Referring COPD patients to pulmonary rehabilitation when oxygen therapy
is started might help both with adherence with oxygen therapy and promotion of
activity.
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Supplemental oxygen therapy can also be considered an adjunct to exercise training in
pulmonary rehabilitation: through reducing dyspnoea, it may allow for greater intensi-
ties of exercise training in symptom-limited COPD patients. This effect — which may be
present even for those without exercise-induced hypoxemia — may be mediated through
a reduction in dynamic hyperinflation [131]. A rationale behind this intriguing effect
is that oxygen therapy promotes lower respiratory rates during exercise (due in part to
effects on chemoreceptors and reductions in dyspnoea), leading to a more complete
emptying of the lungs during exhalation.

In the laboratory setting, administering supplemental oxygen therapy during exercise
testing increases exercise capacity [129]. However, use of supplemental oxygen to
enhance exercise training in pulmonary rehabilitation has had mixed results [132—134].
Supplemental oxygen therapy would probably have its greatest effect with strategies
incorporating high-intensity exercise as it would allow patients to train at higher levels
[135]. It has become standard of care in the United States to administer supplemental
oxygen during exercise or activity in COPD patients with documented hypoxemia. The
routine use of supplemental oxygen for non-hypoxemic COPD patients in the pulmo-
nary rehabilitation setting remains to be determined.

Maintaining the Benefits of Pulmonary Rehabilitation

The beneficial effects of pulmonary rehabilitation — while often substantial —gradually
decrease over time [136]. Gains made in health status are often longer lasting than exer-
cise performance. While this drop-off in effectiveness probably has multiple reasons,
failure to maintain long-term adherence with the post-rehabilitation plan is usually
considered most important: COPD patients decrease structured exercise over time. This
is particularly relevant in the period following the COPD exacerbation, when patients
revert to a more sedentary lifestyle [137]. Interventions designed to improve long term
adherence so far have not had much success [137, 138]. Longer lasting pulmonary
rehabilitation programs may result in more sustained improvement [139], but this is
probably not practical in our current health care system. Further research is necessary
in this area, especially through transferring principles of pulmonary rehabilitation to
the home setting.

Combination Therapy for COPD

COPD is not simply a lung disease. Its pervasive systemic manifestations profoundly
affect the individual’s ability to function within the environment. Therefore, pulmonary
rehabilitation must be viewed within the continuum of care for COPD. True combina-
tion therapy incorporates both pharmacologic and non-pharmacologic therapy, with the
goal to reduce symptoms, increase functional status, have a health economic benefit,
and — ultimately — prolong survival.

Summary

Pulmonary rehabilitation has emerged as a standard of care for patients with chronic
respiratory disease who remain symptomatic or have reduced functional status despite
otherwise standard medical therapy. As such, it is placed prominently in current guide-
lines for COPD. Pulmonary rehabilitation reduces dyspnoea, and improves exercise
performance, functional status, and quality of life. Recent studies demonstrate that it
also decreases health care utilization. This multidisciplinary approach, which includes
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exercise training, the promotion of self-management strategies, nutritional intervention,
and psychosocial support, works predominately through the reducing systemic effects
of the disease. Components of pulmonary rehabilitation can be administered throughout
the course of COPD as part of integrated care. Pulmonary rehabilitation and pharma-
cological therapy are complementary: optimizing bronchodilator therapy increases the
effectiveness of pulmonary rehabilitation, and pulmonary rehabilitation enhances
the benefits of pharmacological therapy. Pulmonary rehabilitation is currently under-
utilized, due to combinations of under-awareness of its effectiveness by some health
care providers, unavailability of programs in some areas, and often insufficient third-
party reimbursement.

The Global initiative for chronic obstructive lung disease (GOLD) published a
report on global strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease in 2006 placing pulmonary rehabilitation a part of
standard therapy for COPD alongside regular bronchodilator therapy in their outlines
of treatment algorithm for COPD.

Percentage of time spent in each of the activities or body positions in healthy subjects
compared to patients with chronic obstructive pulmonary disease (COPD) during the
day. (Others=cycling or undetermined activity).

Higher inspiratory capacity (IC) values reflect lower end-expiratory lung volumes.
IC dropped rapidly at baseline (line with circle symbols) during exercise in untrained
COPD subjects, indicating the rapid development of dynamic hyperinflation. Following
exercise training, not only was exercise endurance time (x-axis) prolonged, there was
considerably less dynamic hyperinflation (line with triangle symbols).

COPD patients referred to pulmonary rehabilitation were randomized to the long-
acting anticholinergic bronchodilator, tiotropium, or placebo at Week 0 in this double-
blind trial. Short acting bronchodilators were used in all patients, as needed. From Weeks
5-13, both groups participated in high-intensity exercise training as part of pulmonary
rehabilitation. After rehabilitation they continued their maintenance pharmacologic
therapy (tiotropium or placebo) until Week 25. Exercise endurance (y-axis) improved in
both groups during pulmonary rehabilitation, but those taking the long-acting bronchodi-
lator therapy improved more. Moreover, this beneficial effect appeared to be sustained
after the formal exercise training. This study underscores the complementary effects of
bronchodilators and exercise training in COPD.
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Exacerbations of COPD

Sandra G. Adams and Antonio Anzueto

Key Points:

e The contemporary definition of an acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) is an event in the natural course of the disease
characterized by a change in the patient’s baseline dyspnoea, cough, and/or sputum
beyond the day-to-day variability sufficient to warrant a change in management.

* Acute exacerbations of COPD are associated with enormous cost, increased rate
of decline of lung function in continuous smokers, poor quality of life, and high
mortality.

e A trial of noninvasive mechanical ventilation (bi-level Positive Airway Pressure or
bi-level PAP) should be attempted in patients with progressive respiratory acidosis,
impending respiratory failure, or markedly increased work of breathing due to AECOPD
because bi-level PAP is associated with success rates of 80-85% due to reduced intuba-
tion rates, lower rates of nosocomial infections, and improved mortality.

» Aggressive prevention and management of AECOPD are important to help reduce
the cost, morbidity, and mortality associated with these episodes.

Keywords COPD exacerbation ¢ pneumonia ¢ dyspnoea ¢ nosocomial infection

Introduction

Patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD)
comprise a heterogeneous population and vary widely in their clinical course. This
chapter will review (1) the definitions and spectrum of characteristics of patients
with AECOPD, (2) how acute exacerbations affect quality of life, lung function, and
mortality, (3) common “Do’s” and “Don’ts” in AECOPD, (4) factors associated with
frequent exacerbations, (5) antibiotic selection and the impact of treatment failure, and
(6) clinical parameters to risk stratify patients.

Definitions and Spectrum of Patients with AECOPD

The classic definition of AECOPD is based on the landmark trial by Anthonisen
and colleagues and includes the presence one or more of the following respiratory
symptoms: increased shortness of breath, increased sputum production, and/or spu-
tum purulence [1]. The more contemporary definition by The European Respiratory
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Society (ERS) and The American Thoracic Society (ATS) guidelines state that
an AECOPD is an event in the natural course of the disease characterized by
a change in the patient’s baseline dyspnoea, cough, and/or sputum beyond the
day-to-day variability sufficient to warrant a change in management [2]. The
interpretation of data in the literature is difficult to generalize due to differ-
ences in the populations studied. Most of the early trials included patients of
all ages with “chronic bronchitis,” which was clinically defined as a cough for
3 consecutive months, for 2 years. There was no requirement of a minimum
age or smoking history in many of these studies. In addition, there was no
requirement for patients to have obstruction by PFTs to be included in these
early studies. Because many patients included in these trials were only 20-30
years old and had normal lung function, the results are likely not generalizable or
applicable to the most common types of patients with COPD who are treated
for acute exacerbations today. In the mid-1990s, the FDA changed the inclu-
sion criteria for patients who are included in therapeutic trials for AECOPD to
more appropriately represent the true population of patients with this disease.

Currently, clinical trials for this population include patients older than
40 years of age who have a significant smoking history. In addition to the
difficulties with inclusion, the definition of AECOPD was not standardized
until the late 1980s, when Anthonisen et al. applied the Winnipeg criteria to
a population of patients during his prospective, placebo-controlled trial [1].
According to these criteria, patients who are classified in the severe range
include those with all three clinical symptoms (of increased shortness of
breath, increased sputum production, and a change in sputum purulence) at
initial presentation. In addition, many of the earlier studies do not measure or
report the number of previous exacerbations, the presence of co-morbidities
such as cardiovascular disease, or other factors that help define the “high-
risk” population with AECOPD. Patients with AECOPD are often the most
difficult to treat and challenging for healthcare providers.

Cost, Morbidity, and Mortality of Severe AECOPD

Episodes of AECOPD are associated with enormous health care expendi-
tures, high morbidity, and significant mortality [2-6]. Acute exacerbations
were nationally responsible for over 725,000 hospitalizations and 1.5 mil-
lion emergency department visits in the year 2000 [3, 7]. Niederman and
colleagues reported that age (patients >65 years) and inpatient treatment
are the major determinants contributing to the overall cost of AECOPD [7].
The total cost for a select population was estimated at $1.2 billion for the
207,540 inpatients >65 years old versus only $452 million for 5.8 million
outpatients in the same age group [7]. The mean length of stay was longer,
and the in-hospital mortality rate was significantly higher, for those over the
age of 65 years. Therefore, hospitalizations account for the majority of the
healthcare expenditures for COPD of over $37 billion annually (Table 11.1).
Miravitlles and colleagues estimated the mean total cost of an acute COPD
exacerbation was €140 in a recent study of primary care in Spain [8]. Again,
inpatient costs comprised the majority of the cost (58% of the total cost),
followed by the total drug acquisition cost of 32.2%. These costs may not
be applicable to other countries because of the differences in reference
prices and management practices and healthcare systems; however, if we
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Table 11.1 Cost of treatment of acute exacerbation of chronic bronchi-
tis (Adapted from Ref. [7]).

Hospital costs (millions Outpatient costs (millions
Age group of dollars) of dollars)
>065 years 1,141 34
<65 years 408 14
All ages 1,549 48

consider the high prevalence of COPD and the frequency of exacerbations, it is
easy to understand the magnitude of the healthcare burden derived from this disease [8].
In addition to the financial burden required to care for these patients, other costs
such as days missed from work and severe limitations in quality of life are important
features of this condition [8].

Patients with recurrent AECOPD suffer with significant morbidity associated with
their condition [2, 6, 9]. Kanner and colleagues evaluated the loss of lung function of
5,887 smokers with obstruction to airflow by PFTs (FEVI/FVC < 70%, with FEV, of
55-90% predicted) in the Lung Health Study [10]. These investigators grouped all of
the self-reported illnesses that occurred in this population together as lower respira-
tory infections (LRI), which included episodes of chest colds, influenza, bronchitis,
and pneumonia. Several important findings were reported in this study: (1) continuous
smokers had significantly more LRI than sustained quitters (p = 0.0003), (2) LRI rates
increased with time in continuous smokers, but not in sustained quitters (p = 0.008),
and (3) in continuous smokers with >1.5 LRI per year, over 44% of the mean predicted
loss in lung function (measured by FEV ) per year was attributed to acute exacerba-
tions. Therefore, evaluation of the participants of this study with mild COPD, dem-
onstrated that self-reported LRI were associated with significant long-term adverse
effects on lung function in those who continued to smoke cigarettes [10].

Episodes of AECOPD negatively impact patients’ quality of life for months following
the acute event [11]. As reported by Connors and colleagues, the prospective cohort of
1,016 hospitalized patients with AECOPD who presented with hypercarbia (PaCO, > 50
mmHg) demonstrated only one fourth of patients to be both alive and able to report either
a good, very good, or excellent quality of life 6 months after discharge [11]. Patients
were interviewed at 2 and 6 months after their index hospitalization. At 2 months, the
Sickness Impact Profile (SIP) was used to evaluate perceived health and functional status
(high scores indicated worse health). At 6 months, 514 patients were interviewed about
their activities of daily living. Approximately 54% required assistance with at least one
activity of daily living and 49% considered their health status to be fair or poor. Trade-off
scores showed that 64% of patients were willing to trade a year of their current health
status for less than a year of excellent health.

The recovery of health related quality of life (HRQL) parameters after an acute
COPD exacerbation may be determined by several factors. In a study by Spencer and
colleagues, exacerbated patients who did not relapse during follow-up experienced an
improvement in the chronic respiratory disease questionnaire (CRDQ) of 11.8 points at
1 month, and 17 points after 5 months of the onset of the exacerbation [12]. A change
in score in any domain of the CRDQ of 0.5 or more represents the minimal clinically
important difference that is noticeable to patients, and changes of the CRDQ of 1.0
or more and 1.5 or more represent moderate or large improvements, respectively [13].
These results indicate that recovery of health status after an exacerbation may take
longer than previously expected. In contrast, median recovery time for lung function
after an exacerbation is 6 days and for symptoms is 7 days [14]. However, this recovery
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may be influenced by the severity of the exacerbation. The more severe the exacerbation,
the longer it takes to recover. Seemungal and colleagues showed that only 75% of
patients return to their baseline peak flow values 35 days following the episode [14].
These investigators also reported data on daily peak flow and respiratory symptoms
for 1 year in 73 patients with COPD attending outpatient clinics (71% male, mean age
67 + 8.3 years, mean FEV | 40% predicted) [15]. Exacerbations were identified from
the diary cards and from acute visits for treatment of exacerbations. The St. George’s
Respiratory Questionnaire (SGRQ) and Medical Research Council (MRC) question-
naire were completed by patients at the end of the study. During the 1-year observation
period, there were 190 exacerbations (mean 2.7 per patient; median, 3; range 1-10).
Exacerbations were more frequent in patients with repeated previous exacerbations
(OR =5.5, p=0.001). Using the median number of exacerbations, patients were classi-
fied as infrequent exacerbators (0-2) or frequent exacerbators (3-8). SGRQ total score
was significantly worse in frequent exacerbators (mean difference 14.8, p < 0.001).
In multivariable regression analyses, exacerbation frequency was strongly correlated
with SGRQ total score and component scores. Miravitlles and colleagues studied
a group of 336 patients with moderate-to-severe COPD who were followed over 2
years [16]. This study showed that patients with moderate COPD, who suffered more
than 3 exacerbations during the study, had a change in SGRQ score that was 2 points
per year worse than that of patients with less than 3 exacerbations (p = 0.04). This
study confirms the impact of exacerbations on health status, but it is also important to
point out that this deterioration in health status was not accompanied by a significant
deterioration in lung function parameters [16]. Thus, these studies demonstrated that
patients who suffered more exacerbations had significantly worse SGRQ scores than
did infrequent exacerbators. They also show that HRQL questionnaires offer comple-
mentary information to lung function and respiratory symptoms, which helps monitor
the course of recovery of an exacerbation. The slow progress of patients’ HRQL after
each exacerbation suggests that these patients will not return to their baseline condition
and will experience further deterioration of their HRQL over time.

In addition to the cost and morbidity of AECOPD, the mortality rates are also high,
particularly for those with severe disease. The Study to Understand Prognosis and
Preferences for Outcomes and Rates of Treatment (SUPPORT) that enrolled patients
who had severe acute exacerbation of COPD, reported an in-hospital mortality rate of
11% in patients with acute hypercapnic respiratory failure [11]. The 180-day mortal-
ity rate was 33% and the 2-year mortality rate was 49% (Fig. 11.1). The predictors
of mortality include acute physiology and chronic health evaluation (APACHE III)
score, body mass index, age, functional status 2 weeks prior to admission, lower ratio
of partial pressure (tension) of oxygen to fraction of inspired oxygen (PO, to FiO,),
congestive heart failure, serum albumin level, cor-pulmonale, lower activities of daily
living scores, and lower scores on the Duke Activity Status Index [11]. Mortality rates
may be significantly higher for older individuals (age over 65 years) and reached
59% at 1 year following an AECOPD episode that required treatment in the intensive
care unit in one study by Seneff and colleagues [17]. Another study evaluated clinical
indicators of outcomes of 1,400 admissions for AECOPD to 38 British hospitals and
was published in 2002 by Roberts and colleagues [18]. These investigators included
patients who required mechanical ventilation and reported that the 90-day mortality
rate was 14%, with a readmission rate of 34% within this 3-month period. Esteban and
colleagues reported the results from their prospective cohort of 5,183 consecutive adult
patients admitted to 361 intensive care units (ICU) who received mechanical ventilation
for more than 12 h [19]. The ICU mortality rate of the subgroup of 10.1% who had
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Fig. 11.1. Mortality after COPD exacerbation [11]

AECOPD was 22% (95% Confidence Interval, 19-26%), which was remarkably similar
to the ICU mortality rate of 20% reported 27 years earlier by Petty and colleagues for
a similar population of mechanically ventilated patients with AECOPD [20]. These and
other studies reported in-hospital mortality rates of 11-24% at 1 year and 22-35.6% at
2 years [21, 22]. None of these studies specifically examined the prognostic influence
of having only an acute exacerbation of COPD. Soler-Cataluna and colleagues were
the first to report that severe exacerbations of COPD have an independent negative
prognostic impact [23]. These investigators demonstrated that mortality rates are higher
with increased frequency of severe exacerbations and with those requiring hospitaliza-
tion. Patients with frequent exacerbations had the highest mortality rate (p < 0.001),
with a risk of death 4.3 times greater (95% CI 2.62-7.02) than for patients requiring no
hospital management [23]. Thus, exacerbations alone may be a significant factor associ-
ated with increased mortality in COPD, but the severity of the underlying disease may
influence the outcomes of patients. Acute exacerbations of COPD are clearly associated
with high cost, morbidity, and mortality, and place an enormous burden on the patients
and healthcare providers that deal with this disease on a daily basis.

Common “Do’s” and “Don’ts”’ in AECOPD

“Do’s”’: Factors Shown to Be Helpful in Patients with AECOPD

1. Short-acting bronchodilators are useful during episodes of AECOPD and should be
administered for acute symptoms.

2. A chest radiograph is useful for patients presenting to the emergency department or the
hospital with AECOPD [24, 25]. This does not mean that a chest radiograph should not
be obtained if a patient presents to your office; however, data are not clear regarding
the utility of obtaining radiographs in this setting. Chest radiography may be helpful in
an outpatient clinic setting if the patient appears ill, has crackles or egophony on lung
exam (suggesting possible pneumonia), or has fever or pleuritic chest pain.

3. If the patient is hypoxemic, oxygen should be administered. For most patients,
a goal of an oxygen saturation of 90% or greater is appropriate. However, if the
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patient has a history of hypercapnia or elevated serum bicarbonate, oxygen should
be administered to raise the patient’s oxygen saturation to between 88% and 92%.
Administering high levels of oxygen (that raises the oxygen saturations to >95%)
to patients with hypercapnia may cause or worsen the respiratory acidosis (resulting
in a reduced pH and markedly increased PaCO,). Having said this, oxygen must
be administered to patients who are hypoxemic (saturations <88-90%), even if
respiratory acidosis occurs. In other words, the oxygen must NOT be taken away if
respiratory acidosis develops; but other interventions, such as noninvasive ventila-
tion (bi-level Positive Airway Pressure — bi-level PAP) or mechanical ventilation
must be added to the oxygen to reverse the respiratory acidosis.

. Patients with progressive respiratory acidosis, impending respiratory failure, or

markedly increased work of breathing due to AECOPD benefit from noninvasive
mechanical ventilation (bi-level Positive Airway Pressure — bi-level PAP). There
have been at least six randomized controlled trials (RCTs) and multiple uncon-
trolled trials that have demonstrated success rates of 80-85% with bi-level PAP in
reducing intubation rates, lowering the occurrence of nosocomial infections, and
improving mortality in patients with AECOPD [24-26]. Bi-level PAP should not be
utilized in patients with respiratory failure associated with severe pneumonia, acute
respiratory distress syndrome, or sepsis however, because it has been associated
with increased mortality in these patient populations. But for the respiratory failure
associated with AECOPD, bi-level PAP is a very good option [26].

. Systemic corticosteroids (prednisone) should be utilized for moderate to severe

episodes of AECOPD [24, 25]. The optimal dose and duration of therapy have not
clearly been defined because most of the trials in this area have been performed in
inpatients. Recently, a randomized controlled trial was published that demonstrated
improved outcomes in outpatients with AECOPD who were treated with 40 mg of
prednisone for 10 days [27]. We know that a prolonged course (8 weeks) is equally
effective to a 2 week course, but the longer course is associated with significantly
more side effects [28]. Therefore, many experts recommend prescribing relatively
low doses of prednisone (30-40 mg) for 7-14 days [29].

“Don’ts”: Factors That Are Not Helpful in Patients with AECOPD

1

. Measuring peak expiratory flow rates (PEFR) and/or spirometry acutely in patients

with AECOPD is not indicated and is not helpful in assessing the severity of these
exacerbations or the response to therapy [24, 25]. In contrast, these measurements
are critical and very important in patients with acute exacerbations of asthma.

. Mucolytics such as acetylcysteine are generally not beneficial in patients with

AECOPD and may be associated with significant bronchospasm [24, 25].

. Chest physiotherapy (percussion and postural drainage) has no role in patients with

AECOPD unless they have documented area(s) of atelectasis on chest radiograph
[24, 25].

Factors Associated with Frequent Exacerbations

In order to understand the impact of exacerbations on the natural history of COPD, the
frequency of these events and the factors that are more likely associated with increased
frequency need to be identified. Several investigators suggested that exacerbation
frequency increases with disease severity [30, 31]. Patients with moderate COPD
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(mean FEV, of 50-55% predicted) have been shown to suffer from a mean number of
approximately 2 exacerbations per year [30, 31]. Greenberg and colleagues found that
exacerbations defined as acute respiratory illnesses with increased cough, shortness
of breath, or sputum production and/or a change in sputum color were more frequent
in patients with moderate COPD (3 per year) than in those with mild COPD (1.8 per
year) [32]. Using a symptom-based definition, Donaldson and colleagues reported
that patients with severe COPD (GOLD Stage III, n = 38) had an annual exacerbation
frequency of 3.43 per year compared with 2.68 per year in those with moderate COPD
(GOLD Stage II, n = 94; p = 0.029) [33]. In an observational study, patients with mean
FEV, of 47% predicted also presented a mean of 2 episodes per year, with this number
dependent on the degree of functional impairment at baseline [34]. These investigators
used a symptom-based definition of exacerbation and patients with FEV, >60% had
mean 1.6 = 1.5 exacerbations per year (mean + SD), compared with 1.9 + 1.8 with
FEV, =59-40% and 2.3 £ 1.9 with FEV, < 40%.

The results of follow-up studies show that patients who suffer a high number of
exacerbations during a given period will continue to suffer frequent exacerbations in
the future [35]. Therefore, frequency of exacerbations will depend on patients underly-
ing severity of lung disease and number of prior exacerbations [36]. The following is a
summary of the factors associated with increased frequency of exacerbation [37-42].

e Age 65 years or older

e Daily cough and wheezing

 Persistent symptoms of chronic bronchitis
e Chronic bronchial mucous hypersecretion
* Severity of impairment in FEV,

* Frequent prior exacerbations

The Use of Antibiotics, the Specific Antibiotic Choice,
and the Impact of Treatment Failure

The specific etiology of AECOPD is difficult to determine in an outpatient office setting
on the basis of symptoms and signs. Although sputum studies can be potentially useful,
they have significant limitations for routine use; including the delay in obtaining the
results, cost, and lack of sensitivity and specificity. Bacterial infections can be identified
in approximately 50% of patients with AECOPD [43]. Other factors such as pollutants,
viruses, allergens, atypical infections, and other noxious stimuli also contribute to epi-
sodes of AECOPD. Some episodes of AECOPD will resolve spontaneously and do not
require treatment with antibiotics [43]. There have been a number of clinical trials exam-
ining the use of antibiotics in the treatment of AECOPD. Many of the earlier studies
showed minimal to no benefit of antibiotic prescriptions for acute exacerbations. In
1995 Saint and colleagues published the results of a meta-analysis of nine randomized,
placebo-controlled trials (published between 1957 and 1992) examining the role of anti-
biotics in the treatment of AECOPD [44]. No single common outcome was reported in
each of the studies included in this analysis. However, outcomes that were available for
analysis and comparison in some of the studies include: (1) the mean number of days of
illness, (2) the overall symptom score, and (3) the changes in peak expiratory flow rate.
Analysis of the studies that provided data on expiratory flow rates, noted an improve-
ment of 10.75 L/min in the antibiotic-treated groups. The authors concluded that this
antibiotic-associated improvement was likely to be clinically significant; particularly in
patients with low baseline peak flow rates and limited respiratory reserve.
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In general, there are no reliable criteria for an individual patient with AECOPD to
definitively distinguish between episodes that are caused by bacteria and those that are
not. The currently available evidence supports the use of antibiotics in patients with
two or three symptoms of AECOPD (increased shortness of breath, increased sputum
production, and/or sputum purulence) [1, 24, 25]. One major problem with the evidence
in this area is that the majority of the trials of antibiotics versus placebo in AECOPD
were performed before 1990, prior to the development of significant antimicrobial
resistance. Therefore, most of the recommendations regarding the use of antibiotics
are based on expert opinion [2, 45, 46]. Treatment guidelines for AECOPD reflect the
lack of an evidence-base data to provide specific recommendations for the use of anti-
biotics [24, 25]. More recently, the GOLD, ATS/ERS, and Canadian Thoracic Society
guidelines recommend antibiotic choices on the basis of local sensitivity patterns of
the most common pathogens associated with this condition [2, 5, 6]. The most com-
mon bacterial “core” organisms associated with AECOPD are Streptococcus pneumo-
niae, Haemophilus influenzae, and Moraxella catarrhalis. However, some data suggest
that patients with severe and very severe COPD have a higher risk for infections
with Gram negative organisms (Klebsiella pneumoniae, Pseudomonas aeruginosa,
Stenotrophomonas, etc.) [47, 48]. A potential benefit of antibiotic therapy for patients
with AECOPD is that antibiotics can reduce the burden of bacteria in the airways.
Bronchoscopic studies, using sterile protected specimen brush, have demonstrated that
approximately 25% of stable COPD patients are colonized (usually <10%organisms)
with potentially pathogenic bacteria [49, 50]. However, a much larger percentage
(50-75%) of patients with acute exacerbations have potentially pathogenic microor-
ganisms in addition to significantly higher concentrations (frequently >10* organisms)
of bacteria in the large airways [49, 51-53].

Conventional end-points for efficacy of antibiotics treatment in AECOPD include
the subjective report of improvement in symptoms and documentation of bacterio-
logical resolution measured at 2-3 weeks after the treatment was started. These end-
points have been used for drug registration purposes, but lack clinical relevance. It has
been suggested by several reports that the infection-free interval (i.e., the time to the
next episode of AECOPD) may be a more suitable end-point in this patient popula-
tion [54-56]. Recently, Wilson and colleagues showed a significant increase in the
infection-free interval in patients with AECOPD treated with gemifloxacin over clari-
thromycin [56]. This study showed that a longer infection-free interval was associated
with decreased hospitalization rates, which may translate to cost savings, improved
quality of life, and potentially slower progression of the underlying airway obstruction.
Because treatment with appropriate antibiotics significantly decreases the bacterial
burden (and frequently eradicates the organisms that are sensitive) at the 72-h follow-
up bronchoscopy, it is speculated that the proper choice of antibiotic reduces the risk of
progression to more severe infections, such as pneumonia. The eradication of bacteria
by antibiotics is thought to break the vicious cycle of infection (i.e., lung destruction
leading to progression of the lung disease). To demonstrate this issue, Noiura and col-
leagues published a prospective, randomized, double-blind, placebo-controlled trial,
evaluating the use of ofloxacin in 90 consecutive patients with AECOPD who required
mechanical ventilation [57]. This study also demonstrated that significant a number of
patients with severe AECOPD were infected with Gram-negative organisms (includ-
ing E. coli, P. mirabilis, and P. aeruginosa). In addition to supporting the findings
of isolating Gram negative organisms from patients with severe AECOPD, this trial
demonstrated that treating these pathogens improves outcomes. The antibiotic-treated
group had a significantly lower in-hospital mortality rate (4% vs 22%, p = 0.01) and
significantly reduced length of hospital stay (14.9 vs 24.5 days, p = 0.01) compared
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Fig. 11.2. Kaplan-Meir survival analysis of pneumonia free-interval comparing patients hos-
pitalized with acute exacerbation of chronic bronchitis and treated with antibiotics or placebo.
The risk of developing pneumonia is significant higher during the first 6 days since admission
in the placebo treated patients (Reprinted from [57]. With permission)

with the placebo group. In addition, the patients receiving antibiotics were less likely
to develop pneumonia than those receiving placebo, especially during the first week of
mechanical ventilation (7.2 + 2.2 days [range 4—11] vs 10.6 + 2.9 days [range 9—14],
p = 0.04 by log-rank test) (Fig. 11.2).

Relapses (treatment failures requiring return visit or hospitalization within 14-28 days
of index visit) occur in up to 25% of patients and are associated with high morbidity [39,
51, 58, 59]. Patients who fail their initial outpatient therapy use the largest percentage of
total resources spent for COPD, especially when they subsequently require hospitaliza-
tion [8, 39, 58, 60]. However, many of these patients do not seek medical care despite
persistent symptoms. Results of prospective clinical trials show a lower incidence of
relapse, usually lower than 10%. These results cannot be extrapolated to everyday
practice because patients included in the older clinical trials often consist of those with
chronic bronchitis and ages ranging from 18 to 90 years, a significant proportion of non-
smokers, and individuals without ventilatory impairment (not COPD). In comparison,
more recent studies address treatment failure in observational “real-life” studies and
show a failure rate ranging from 12% to 26% [16, 33, 61]. Therapy failure is an impor-
tant outcome, particularly since relapses are associated with high cost and morbidity.

If the use of antibiotics to treat AECOPD has all the potential benefits discussed,
does the specific antibiotic choice matter? Anthonisen and colleagues assumed that
all of the antibiotics were equivalent, thus the specific agent prescribed was not con-
sidered important [1]. In addition, most of the antibiotic trials that have been recently
published were designed to compare a new antibiotic with an established compound
for the purpose of new product registration and licensing. Equivalence is the desired
outcome of such trials and therefore, the agent chosen for comparison is not considered
important. In addition, these trials frequently include patients with poorly defined disease
severity (often without any obstructive lung disease) and acute illness of minor severity.
One study that addressed the issue of the specific antibiotic choice was a retrospec-
tive evaluation of the differences in outcomes of patients with AECOPD who received
first-line (amoxicillin, trimethoprim-sulfamethoxazole, erythromycin, or tetracycline)
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Fig. 11.3. Acute exacerbations of chronic obstructive pulmonary disease: 14-day relapse rates
reference after treatment with or without antibiotics [38]. (Amox = amoxicillin, Amox/clav =
amoxicillin/ clavulanate, Macr = macrolide, Cipro = ciprofloxacin)

versus third-line (amoxicillin-clavulanate, azithromycin, or ciprofloxacin) antibiotics
[62]. In summary, patients who received the third-line antibiotics had significantly
better outcomes including lower failure rates (7% vs 20%), prolonged disease-free
interval (34 vs 17 weeks from initial exacerbation to the next AECOPD episode), and
lower overall cost ($542 vs $942) compared with patients treated with one of the first-
line antibiotics. Another retrospective study that addressed issues regarding the choice
of antibiotic in the management of AECOPD demonstrated that overall patients who
received antibiotics had lower relapse rates (19%) compared with those who did not
receive antibiotics (32%), p < 0.001 [38]. However, patients who received amoxicillin
had even higher relapse rates (54%) than those who did not receive any antibiotics
(32%), p = 0.006 (Fig. 11.3). Other investigators have shown that the type of antibi-
otic the patients received during an exacerbation may impact outcome. Miravitlles and
colleagues showed that the type of antibiotic used to treat AECOPD was associated
with failure rates and late recovery. Patients who received moxifloxacin had a signifi-
cantly lower rate of failure compared with those taking macrolides (odds ratio [OR]
= 0.41; 95% confidence interval [CI] = 0.31-0.55) and amoxicillin/clavulanic acid
OR = 0.35 (95% CI = 0.26-0. 45) [55]. It is important to point out that Wilson and
colleagues found that differences observed in outcomes of antibiotic treatment could
be confounded by factors related to medical history, severity of disease, and use of
concomitant medications such as bronchodilators [56]. These studies demonstrated
that the use of antibiotics was associated with a low therapy failure rate. In addition,
appropriate antibiotic selection is important, based on the results of these studies as
well as the widespread reports of increasing antimicrobial resistance to the common
pathogens isolated in patients with AECOPD.

Clinical Parameters to Stratify Patients into Risk Groups

Because relapse after initial treatment for acute exacerbation may lead to prolonged
disability, a new course of antibiotics, an emergency visit, or even hospital admission,
it is crucial to identify patients most at risk for relapse. Identification of risk factors for
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failure may permit the implementation of more aggressive broad spectrum treatment
and close follow-up. In a further step, risk factors associated with relapse should be
incorporated into management guidelines to aid in identifying at-risk patients. There
are many approaches to managing patients with AECOPD, but it is important to note
that the available recommendations are largely based on expert opinion and have not
been prospectively evaluated in clinical trials [2, 45, 46, 63]. Having said this, an
important first step in the management of AECOPD is to identify patients who should
be hospitalized for their treatment. The ATS/ERS guidelines recommend that patients
with the following criteria should be hospitalized: (1) the presence of high-risk co-
morbid conditions, including pneumonia, cardiac arrhythmia, congestive heart failure,
diabetes mellitus, renal or liver failure, (2) inadequate response of symptoms to out-
patient management, (3) marked increase in dyspnoea, (4) inability to eat or sleep due
to symptoms, (5) worsening hypoxemia, (6) worsening hypercapnia, (7) changes in
mental status, (8) inability of the patient to care for her/himself (lack of home support),
(9) uncertain diagnosis, or (10) inadequate home care [2].

Among the risk factors for relapse, severity of the underlying disease is one of the
most important. Although impairment of respiratory function does not in itself make
patients susceptible to infection, it does influence the outcome of a lower respiratory
tract infection [56, 64]. Severe airflow obstruction, hypoxemia, and the presence of
hypercapnia are all risk factors leading to poor outcome. Kessler et al. observed that
carbon dioxide retention (Paco, higher than 44 mmHg) and pulmonary hypertension
(mean pulmonary artery pressure at rest higher than 20 mmHg) were the best predic-
tors of hospitalization [54]. Niewoehner and colleagues demonstrated that predictors
of hospitalization from AECOPD included lower lung function, older age, unsched-
uled/emergency center visits in the prior year, cardiovascular comorbidity, and pred-
nisone use at baseline [65]. In a retrospective study of 1001 COPD patients recruited in
primary care, severity of FEV, impairment was independently associated with increas-
ing risk of suffering two or more acute exacerbations of COPD per year; furthermore,
FEV, impairment was associated with increasing risk of hospital admission during the
same period [61]. Grossman et al. found that patients with severe airflow obstruction
were more than four times more likely to be admitted to the hospital than were patients
with mild to moderate disease, and the risk was similar for patients with disease for
more than 10 years [66].

Frequent past exacerbations is also a factor that is strongly associated with recur-
rent exacerbations and risk of relapse [15, 37, 61]. A large study in the community
found that the risk of failure increased by 7.6% for every extra visit to the primary
care physician during the year previous to the study [55]. In a case-control study,
Garcia—Aymerich and colleagues observed that a low FEV |, underprescription of long-
term oxygen therapy in hypoxemic patients, and having been admitted more than three
times the previous year were all significantly and independently associated with a high
probability of admission in the future [42].

Significant cardiopulmonary comorbidity has been shown to be a risk factor for
treatment failure, hospitalization, and mortality for AECOPD [16, 31, 38, 40, 41, 61].
The presence of ischemic heart disease or cardiac insufficiency correlated strongly
with an increased risk of hospital admission for decompensated COPD with an odds
ratio of 1.97 (CI 95% = 1.24-3.14) [61]. However, in a hospital-based population of
severe COPD patients (29% with an FEV | <35% and 27% with oxygen therapy), no
association between comorbidity and outcome was found [38]. These results suggest
that cardiac comorbidity is a risk factor of poor outcome, particularly in patients with
mild to moderate COPD; however, when the lung disease is severe, impairment in
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Table 11.2 Summary of risk factors for relapse after ambula-
tory treatment of acute exacerbation of COPD.

» Coexisting cardiopulmonary disease

¢ Increasing number of previous visits to the general practitioner
for respiratory problems

* Increasing number of previous exacerbations

* Increasing baseline dyspnoea

* Severity of FEV, impairment

e Use of home oxygen

pulmonary function prevails over cardiac disease. Additionally, comorbidity appears
to be a risk factor for severe life-threatening exacerbations that may result in hospital
admission and even be a cause of death, particularly in older patients [67]. Other risk
factors for poor outcome include increasing age and the presence of chronic mucous
hypersecretion (CMH), both of which are facilitating factors for exacerbations [41, 61].
Table 11.2 shows a summary of risk factors for relapse after ambulatory treatment of
acute exacerbation of COPD [37, 38, 40-42].

One reasonable approach to the management of patients with AECOPD is based
on utilizing certain clinical criteria to risk stratify patients (Table 11.3) [45, 46, 63].
Group 1 includes previously healthy patients without significant underlying lung dis-
ease (near-normal FEV ) who present with acute respiratory symptoms. These patients
most likely have a post-viral tracheobronchitis and usually do not require treatment
with any antibiotics. One study in this type of patients (Group 1) evaluated azithromy-
cin versus Vitamin C and was prematurely stopped by the data safety monitoring com-
mittee because the interim analysis did NOT demonstrate any differences in outcomes
(time to return to normal activities, health-related quality of life, etc.) [69]. Therefore,
antibiotics are not indicated in patients stratified to Group 1 [45, 46, 63]. Patients in
Group 2 account for the majority of patients seen by primary care providers (>70% of
patients who present with AECOPD) and include those with fewer than four episodes
of AECOPD within the previous year, no significant cardiovascular co-morbidities,
and an FEV, >50% predicted. These patients most likely have one of the “core” organ-
isms and may be treated with one of the newer macrolides (azithromycin or clarithro-
mycin), a newer cephalosporin, or doxycycline [45, 46, 63]. Patients in Groups 3 and
4 include patients (usually <15% of the total population with AECOPD) with age over
65 years, 4 or more exacerbations within the previous year, FEV, <50% predicted,
or the presence of one of the significant cardiac co-morbidities (CHF or IHD). These
patients are at higher risk for relapse and therefore, treatment with either amoxicillin-
clavulanate or a fluoroquinolone may be considered [45, 46, 63]. Controversy remains
regarding length of treatment with antibiotics; however, some data suggest that short
courses of antibiotics may be as effective as longer courses of antibiotics [70, 71].

Prevention

The two most important preventative measures are smoking cessation and active
immunizations, including influenza and pneumococcal vaccinations. Active smok-
ing cessation should be included in the therapy for all COPD patients. Influenza
is an important cause of lower respiratory tract infections including AECOPD and
pneumonia. Influenza A and B often reach epidemic proportions during the winter
months. Epidemiological studies demonstrate that influenza vaccination markedly
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Table 11.3 Potential antimicrobial options for an AECOPD based on host and patho-
gen factors (Based on data from [68]).

Category Likely pathogens Antimicrobial treatment
Uncomplicated AECOPD H. influenzae Macrolide*
S. pneumoniae Ketolides®
Age <65
Ee <o) years M. catarrhalis Doxycycline

FEV, >50% predicted
<4 exacerbations/year
No comorbid conditions

Complicated AECOPD

Age >65 years

FEV, < 50% predicted
>4 exacerbations/year
Comorbid conditions

Complicated AECOPD
at risk for Pseudomonas
aeruginosa infection
FEV, <35% predicted
Recurrent courses
of antibiotics or steroids

H. parainfluenzae Second or third generation
Viral cephalosporin

M. pneumoniae Respiratory quinolone®

C. pneumoniae

H. influenzae

S. pneumoniae

M. catarrhalis

H. parainfluenzae

Viral

M. pneumoniae

C. pneumoniae

Gram negative enteric
bacilli

H. influenzae

S. pneumoniae

M. catarrhalis

H. parainfluenzae Fluoroquinolone with anti-
Viral pseudomonal activity®

Respiratory quinolone®
Amoxicillin/clavulanate

M. pneumoniae

Bronchiectasis C. pneumoniae
Gram negative enteric
bacilli
Pseudomonas aeruginosa
In active smokers H. influenzae infection more prevalent — azithromycin and clarithromycin demonstrate
improved in vitro activity
"Levofloxacin, moxifloxacin, gatifloxacin, gemifloxacin, and telithromycin have activity against penicillin-
resistant S. pneumoniae
¢Ciprofloxacin and levofloxacin have enhanced antipseudomonal activity

reduces the frequency, morbidity, and mortality of lower respiratory infections [72].
In order to define the effects and benefits of the influenza vaccination in elderly per-
sons with chronic lung disease, Nichol et al. conducted a retrospective, multi-season
cohort study in a large managed care organization. The outcomes in vaccinated and
unvaccinated individuals were compared after adjusting for baseline demographics
and health characteristics [73]. Overall, the vaccination rates were greater than 70%.
Hospitalization rates in unvaccinated patients for pneumonia and influenza were twice
as high in the influenza season compared with the non-influenza periods (Fig. 11.4).
Vaccinated patients had fewer outpatient visits, hospitalizations, and deaths. Therefore,
the influenza vaccine should be given to all patients with COPD.

The polyvalent pneumococcal vaccine has been shown to be effective in preventing
pneumococcal bacteremia and pneumonia [74]. The available 23-serotype pneumococ-
cal capsule vaccine has been shown to have an aggregate efficacy of more than 60%,
but tends to decline with age and reduced immune status [75]. This vaccine is also
recommended in patients with COPD. There are no contraindications for use of either
the pneumococcal or influenza vaccine immediately after an episode of pneumonia
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Fig. 11.4. Observed annualized rates of hospitalization for pneumonia and influenza among
vaccinated and unvaccinated persons for each study period (Reprinted from [73]. With permis-
sion)

or AECOPD. Vaccines can be given simultaneously without affecting their potency.
There are currently no other vaccines available in adults to prevent lower respiratory
tract infections; however, vaccines intended to prevent infections due to non-typable
Haemophilus species or Pseudomonas species are being developed but are not yet
available.

In addition to the preventative measure mentioned in the previous paragraphs, clini-
cal studies demonstrated that chronic maintenance therapy in patients with COPD can
significantly decrease the frequency of exacerbations. A recent meta-analysis of nine
placebo-controlled RCTs involving 4,198 patients with moderate to severe COPD
demonstrated a 21% (95% confidence interval [CI], 10-31%) reduction in episodes
of AECOPD in patients receiving a long-acting beta-2 agonist (LABA) [76]. The
majority of the trials were of short duration (12—-16 weeks), leaving the question of the
benefit of long-term administration on AECOPD open. One long-term trial (52 weeks)
showed a trend in the same direction. Pooled results from five published clinical tri-
als (3,574 patients with moderate to severe COPD) of a long-acting anticholinergic
agent (tiotropium) demonstrated a reduction in AECOPD rates compared with either
placebo (Relative Risk [RR] 0.74; 95% CI, 0.62-0.89) or with ipratropium bromide
(RR 0.78; 95% CI, 0.63-0.95), while Niewoehner and colleagues demonstrated a 23%
reduction in episodes of AECOPD in the tiotropium-treated group of veterans com-
pared with placebo [76, 77]. Inhaled corticosteroids (ICS) have also been shown in six
placebo-controlled trials (1,741 patients) to reduce AECOPD rates by 24% (95% CI,
20-28%); although patients with more severe lung dysfunction (as measured by Forced
Expiratory Volume in 1 s — FEV ) had the most benefit from these agents [76]. Five
clinical trials evaluated the effect of ICS on mortality. Pooled results of these five trials
demonstrate a trend toward lower mortality rates (RR 0.78 with a 95% CI, 0.58-1.06)
[76]. Two clinical trials (2,277 patients) demonstrated that the combination of agents
(ICS plus LABA) is associated with lower exacerbation rates compared with mono-
therapy with LABA (RR 0.80; 95% CI, 0.71-0.90) or with placebo (RR 0.70; 95%
CI, 0.62-0.78) [76]. A trend was observed toward decreased AECOPD compared with
monotherapy with inhaled corticosteroids, but it did not reach statistical significance.
More recently, an RCT demonstrated treatment with fluticasone propionate/salmeterol
250/50 significantly reduced the annual rate of moderate to severe exacerbations by
30.5% compared with salmeterol (1.06 and 1.53 per subject per year, respectively,
p < 0.001) and the annual rate of exacerbations requiring oral corticosteroids by
40% (p < 0.001) [78]. Currently two agents (fluticasone propionate/salmeterol 250/50
and tiotropium bromide 18micrograms) are approved by the FDA to reduce AECOPD
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[78, 79]. At the present time, the FDA has not approved any inhaled corticosteroid
alone for use in any patients with COPD; but fluticasone propionate/salmeterol and
budesonide/formoterol are approved and indicated for improving FEV, in patients with
COPD and formoterol, salmeterol, arformoterol, and tiotropium are all approved for
bronchodilation in all patients with COPD.

Summary

Exacerbations represent important events in the natural history of COPD and are
associated with significant cost, morbidity, and mortality. Patients with frequent exac-
erbations often experience impaired quality of life and faster decline of lung function
over time. In addition, exacerbations, particularly those requiring hospitalization, are
responsible for largest proportion of direct costs expended for the management of
COPD. Despite making substantial progress in understanding the etiology of COPD
exacerbations, much still needs to be learned. The complexity of the host-pathogen
interaction that determines the onset and course of exacerbations needs further explo-
ration, including examining (1) host cellular and molecular mechanisms, (2) the deter-
minants of pathogen virulence, and (3) their interaction with airway epithelial cells and
macrophages. Novel methods of treatment and prevention would undoubtedly emerge
from insight into the mechanisms and pathophysiology of exacerbations.
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Home Management Issues

Claudio F. Donner

Key Points:

* Home care reduces the time spent in hospital by COPD patients, in particular for
re-admissions

* Home care facilitates the hospital discharge for severe COPD patients, in particular
those on long term oxygen therapy (LTOT) or ventilatory support

* Home care is an indispensable pre-requisite for home placement of patients on
chronic ventilatory support

* Home care is a valid means to assure better compliance to pulmonary rehabilitation

* Home care is costly, and therefore should be used with discretion, i.e. only where
justified by the cost/benefit ratio

Keywords COPD ¢ home care ¢ long-term oxygen therapy * noninvasive mechanical
ventilation ¢ rehabilitation ¢ ventilatory support

Introduction

Home care services offer a great advantage for patients with respiratory disorders,
especially infant or elderly patients, reducing the amount of time needed to be spent in
hospital during an acute event, or removing altogether the need for hospitalisation [1].
Evidence would suggest that home care does not have negative effects on patients and, in
the case of supported early discharge, home care may well reduce the risk of admission
to long-term care or hospital readmission. It is thus an option that should be carefully
considered by nurse specialists, clinicians and pulmonary specialists in programming the
mix of community-based interventions that can best help patients cope with their respira-
tory disorder in daily life and maintain their independence.

However, it is necessary to understand which patients can best benefit from home
care services. It is fundamental to establish the need for referral for home care,
including identification of those patients with respiratory disorders who have received
appropriate hospital care and can be discharged from the acute care setting to release
beds (and save money). It is particularly important for the pulmonary specialist to
understand the role of each member of the home care team and liaise adequately
(passing on the necessary information and guidance, as appropriate) with the primary
care clinician and others on the team [2].

Home care for respiratory patients includes a complex array of services delivered in
an uncontrolled setting in which patients and families are integral members of the health
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care team. New models for the treatment of a variety of medical and surgical
problems, including acute chronic obstructive pulmonary disease (COPD) exac-
erbation, are being implemented in Europe [3, 4]. For instance, in supported
discharge or hospital-at-home models, patients are assessed for early hospital
discharge with follow-up by respiratory specialist nurses through frequent tele-
phone contact and home visits as needed [5]. Another model under investigation
is the acute respiratory assessment service, in which COPD patients with acute
exacerbation are assessed to see whether they are suitable candidates for manag-
ing the exacerbation at home with support from a home care team [6—10]. Chest
physicians or nurses determine their eligibility for home management on the
basis of assessment protocols in the emergency room, with follow-up as in sup-
ported discharge models. A third model, a community-based care management
service, consists of respiratory specialist nurses and physical therapists who
make regular, although infrequent, visits to COPD patients who have had more
than three hospital admissions in the previous year. In this chronic care manage-
ment service, patients receive education and support, and can call on help from
the service during regular business hours if they need advice or help.

Chest physicians, general practitioners and nurse specialists providing
home care need to have specific clinical knowledge and expertise, a patient-
centred approach, and a thorough understanding of the cost and reimburse-
ment structures for home care services. Complexity, lack of provider control,
and the chronic nature of patient health problems all contribute to the difficulty
in demonstrating improved patient outcomes resulting from home care. Future
efforts at identifying effectiveness of respiratory home care will be more suc-
cessful if they take these factors into account [11, 12].

Home health agencies, nurses, chest physicians and other providers, and their
advocates, can play an important role in changing the general attitude towards
home care as a solution that is both desirable and viable for the individual, and
not just a cost-savings exercise. Future goals may include enhancing patient
and family satisfaction, reducing the complications consequent upon hospitali-
sation, maintaining an acceptable quality of life for the patient, and enabling
a comfortable and dignified death. Cost reduction should become a collateral
benefit, instead of a primary goal for home health care. Figure 12.1 shows the
services and personnel available in home care programmes [12-23].

Long Term Oxygen Therapy

LTOT reverses hypoxaemia and prevents hypoxia, and has been shown to
improve life expectancy in patients with chronic lung disease [24, 25].

The mechanism for improved survival has yet to be completely delineated,
but pulmonary hemodynamics appear to play a role [26-29]. A modest yearly
decline in pulmonary artery pressure in association with oxygen therapy has
been documented [26]. Pulmonary vascular resistance may be decreased in
acute response to oxygen if the patient is nonoedematous, but not in patients
with oedema [29].

Continuous oxygen therapy reverses secondary polycythemia, improves
cardiac function during rest and exercise [30], reduces the oxygen cost of
ventilation, and improves exercise tolerance [31, 32] and quality of life [33].
Hypoxaemic patients (Pa,0,<50 mmHg) may experience neuropsychiatric def-
icits in abstract thinking, motor skills and perceptual motor abilities [34, 35].
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Services and Staff Available in the Home

Home Care Equipment

Occasional Home
Health Care

Hospice Home
Health Care

Chronic Home
Care Services
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Fig. 12.1. Categories of home services for respiratory-related conditions (Modified from [1])

Hypoxaemic COPD patients candidate for LTOT are importantly symptomatic with
poor health-related quality of life (HRQoL) but the effect of LTOT on the HRQoL
remains uncertain. In a recent longitudinal study [36] HRQoL was measured in two
groups of severe COPD — 43 patients starting LTOT and 25 patients not fulfilling
criteria for LTOT and maintained on standard care. HRQoL was measured at base-
line and at 2 and 6 months. At baseline the LTOT group showed significantly worse
HRQoL as defined by the Chronic Respiratory Questionnaire (CRQ), total generic
Dartmouth Primary Care Cooperative Information Project (COOP) Charts, and
anxiety domain of the Hospital Anxiety and Depression Scale (HADS). Significant
improvements in HRQoL were noted at 2 and 6 months in the LTOT group, whereas
the non LTOT group showed a progressive decline in HRQoL. Using validated criteria
for a minimal clinically significant improvement in CRQ, there were 28 (68%) and
26 (67%) patients with significant improvement at 2 and 6 months, respectively, in
the LTOT group.

Oxygen Sources

Oxygen comes packaged in three types of systems: compressed gas, and liquid or oxygen
concentrators. The trade-offs include size and weight of the device, storage capacity,
cost and transfillability. The features of the systems are compared in Table 12.1.

Oxygen Delivery Devices

Continuous flow dual-prong nasal cannula is the standard means of oxygen delivery for
the stable hypoxaemic patient. It is simple, reliable and generally well tolerated [37, 38].
The nasal cannula delivers a low flow of pure oxygen entrained in a much larger volume
of atmospheric air (20.9% oxygen). Each litre per minute of oxygen flow adds about
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Table 12.1 Comparison between gas, liquid and concentrator oxygen systems
(Modified from [3]).

Features Concentrator Compressed gas Liquid
Availability Common Common Limited
Reliability Good with regular service ~ Good but gauges Generally good but
may become connector may
inaccurate freeze
Cost Low but cost of electricity Moderate High
borne by patient
Power: wall current Necessary Not necessary Not necessary
Transfilling Good only on special units Limited Excellent
that allow transfilling
Ambulatory use Good with gas transfill Good with Good alone and
systems with conserver® conserver with conserver

Stationary weight

Use time at
2 L-min™!

Portable weight

Use time at
2 L-min™!

Portable weight
with conserver

Use time at
2 L-min™!

~15-25 kg

Continuous

Portable units are not
presently available

Unlimited

See portable gas transfill
with conserver?

See portable gas transfill
with conserver?

H cylinder ~100 kg
2.5 days

E cylinder ~10 kg
with cart

5h

M6 cylinder ~2 kg

12h

Reservoir ~50 kg

8.9 days, special
system >30 days

~3 kg with no
conserver

4h

~1.5 kg with
conserver

10 h

20xygen conserving device: some oxygen delivery devices and systems are available that combine the
benefits of conserving devices with either gas or liquid systems. For example, the smallest liquid system
weighs only ~1.5 kg and provides 10 h of oxygen. The smallest gas system weighs ~2 kg, refills from an
oxygen concentrator and provides 12 h of oxygen. Availability of these systems varies by locality [3].

3-4% to the F1,0,. A rough approximation is that 1 L-min~' increases the FI,O, to
24%, 2 L-min~! to 28%, and 3 L -min~' to 32%. However, these small increases are
usually sufficient to increase the arterial oxygen content to acceptable clinical levels.

The actual FI,0, for any particular patient is variable, depending on the anatomy
and patency of the nares and moment-to-moment variation in respiratory rate and
pattern, as well as the underlying pathophysiological process. The F1,0, is inversely
related to the inspiratory rate, i.e. a more rapid inspiratory rate dilutes the oxygen flow-
ing into the nares with more room air, thereby reducing the F1,0,.

Some studies indicate that mouth breathing impairs oxygen delivery, while others
show no such reduction [37, 38]. Most mouth breathers have some nasal airflow as well.
Since only a small nasal inspiratory flow is necessary, and some oxygen is stored in the
nasal and sinus passages, nasal oxygen delivery is still beneficial to these patients.

Oxygen-Conserving Devices

Oxygen-conserving devices function by targeting oxygen delivery to early inhalation.
These devices were developed in an effort to improve the portability of oxygen therapy
by reducing the litre flow and thereby enabling patients to use a smaller and lighter ambu-
latory system, or a standard system for longer time periods. Other advantages include
a reduction of overall costs of LTOT and the ability to treat refractory hypoxaemia
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Table 12.2 Comparison of oxygen-conserving devices (Modified from [3]).

Conserving Reservoir Demand pulse Transtracheal
device cannula delivery catheter
Conserving Store during Early inspiration Store at end exhalation; bypass
method exhalation delivery upper airway dead space
Efficiency gain 2:1-4:1 2:1-7:1 2:1-3:1
(savings)
Reliability Good Less (possibility Less (possibility
of mechanical of complications,
problems) e.g. mucus plugs)
Comfort Adequate — good Adequate — good Good
Cosmetics Obtrusive Adequate Good
Cost Low Higher Higher
Unique Inexpensive Most efficient Cosmetics
advantages Easy initiation Alarms No nasal/ear irritation
Reliable programmable Good compliance
Effective with Reduces minute ventilation
exercise
Disadvantages Bulky on face Mechanically Special care +training required
complex Possibility of surgical
Failure is complications and mucus
possible plugs
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more effectively. There are three distinct devices: reservoir cannulae, demand pulsing
oxygen delivery devices and transtracheal oxygen. Their characteristics are summarised
in Table 12.2.

Prescribing Home Oxygen Therapy

Patient Education and Compliance

Patient education and monitoring of compliance are essential to assure the success
of LTOT. Many patients harbour fears regarding the therapy. Some patients associ-
ate a need for LTOT with profound deterioration rather than prolongation of life and
enhancement of quality of life. Some may experience anger or denial and therefore
avoid using LTOT. Some patients avoid using oxygen in public, because they fear the
reaction of others. Some may regard oxygen as an addictive substance and may there-
fore avoid its use as much as possible. These and other concerns need to be explored
and discussed with the patient and family to provide the appropriate rationale for, and
reassurance of the benefits of, LTOT (see Fig. 12.2).

Ventilatory Support

The introduction of long term ventilatory support has been one of the most important
advances in the management of patients at home with chronic respiratory failure.
Home ventilation is a growth area: rapid expansion during the 1990s was stimulated
by the development of noninvasive ventilation (NIMV) via a mask and the recogni-
tion that an increased number of patient groups can benefit [39]. The benefit obtained
from the therapy depends, however, on the underlying cause of the respiratory failure.
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Tritrate Exercise Flow
Sa02 > 90%

Tritrate Sleep Flow
8 hr sleep - Sa02 > 90%

Hypoxemia identified
during exacerbation

Pa02 < 55 or 55-59 +
YES: Cor pulmonale / polycythemia
rest, sleep, exercise

Fig. 12.2. Algorithm for long term oxygen therapy (Modified from [3])

Patients with chest wall disease and post-poliomyelitis show the best improvements in
survival and quality of life. But even patients with progressive neuromuscular disease
such as Duchenne muscular dystrophy and amyotrophic lateral sclerosis can also
derive prolongation of life, palliation of symptoms and an improvement in quality of
life. The longer-term effects of home mechanical ventilation in hypercapnic COPD are
not so clear, and further large, well-designed controlled studies are required to evalu-
ate the effects of non-invasive mechanical ventilation (NIMV) not only on survival,
but also on quality of life and disease exacerbation [40, 41]. If the initial experience
with NIMV in COPD is confirmed in larger trials, then this important therapy will be
available for an even larger group of patients worldwide. At present chronic ventilatory
support in COPD is reserved for patients who are unweanable after an episode of acute
respiratory failure or unable to maintain an acceptable PaCO, value in time without
partial ventilatory support (usually night-time).

Although patients receiving NIMV in the home outnumber those receiving invasive
ventilation via tracheostomy [42], there is substantial variation in practice between
European countries.

As stated before, home ventilation in COPD patients remains controversial, not-
withstanding the presence of studies of undoubted interest that underline its efficacy
and important role in the management of end-stage COPD [43-48]. Multi-centre
randomised controlled trials on LTOT versus NIMV +LTOT in COPD have produced
mixed results [40, 41], although certain subgroups, e.g. those with recurrent infective
exacerbations requiring short-term NIV, patients aged >65 years, and those with uncon-
trolled hypercapnia on LTOT or symptomatic nocturnal hypoventilation, may benefit.
At the other end of the age spectrum, children as young as a few months can be
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successfully treated with non-invasive ventilation [43]. Most work on paediatric home
ventilation centres has been carried out on children with congenital neuromuscular
disease. Pressure preset bilevel ventilators are now the dominant form of ventilator
in adults and children. Discharge planning is vital for the home ventilator patient and
a sensible risk management strategy needs to be already in place. Long term ventila-
tory support is not realisable without a structured organisation including the hospital
team and the home team in close cooperation. In particular, the home is responsible
for providing home equipment and specialised nursing staff who will attend at home,
evaluating and reinforcing correct health care habits and delivering community-based
physician coverage.

The provision of home care to patients on ventilatory support is complex and chal-
lenging. The following aspects can contribute to a successful home placement:

1. An interdisciplinary approach assures that all aspects of care are included in the
clinical plan

2. Clinical care pathways, algorithms, and standard protocols based on physician,
caregiver, and clinical nurse collaboration are successful management strategies

3. Formal discharge planning meetings with participation of patients, families, car-
egivers, and social workers provide a forum for discharge planning and an avenue
to address ethical issues such as advance directives, resuscitation status, and patient
self-determination decisions

4. Full participation by nurses in all aspects of the unit’s activities is a cost-effective
strategy for maximising positive outcomes for patients and their families. Patients
on chronic ventilatory support and their families are in great need of emotional
support. Although a cost-benefit analysis is an effective way to evaluate the home
ventilatory support programme, the human element must not be forgotten. This is a
daily challenge for the staff and other health professionals engaged in the home care
of the patient

Our goal should be to increase understanding of the challenges and opportunities
present in the care of these patients and their families from the nursing perspective.
Aspects of this model are adaptable to other health systems, and can be modified as
appropriate. For example, in environments without caregivers, trained respiratory
nurses can collaborate with dedicated physicians to coordinate the care of patients.

Methods

Artificial ventilation is achieved by delivering positive pressure to the airway (either
invasively via an endotracheal tube (ET) or tracheostomy, or noninvasively via nasal/
oral interface) or applying negative pressure to the chest wall.

Mechanical ventilation can be proposed, in the absence of exacerbations, as a
long-term treatment for two principal reasons: to ensure patient survival in the case
of permanently insufficient spontaneous breathing and to prevent episodes of acute
respiratory failure (ARF).

1. In the first case, use of the ventilator is restricted to patients who, following
intubation, cannot be weaned and thus are tracheostomised and prescribed home
mechanical ventilation. Such patients, completely dependent on the ventilator, must
be assisted totally by the ventilator in the case of apnea. Only volume-cycled ven-
tilators are at present able to ensure support ventilation.
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2. Long-term preventive ventilation, on the other hand, can be used in stable patients
to diminish episodes of acute respiratory failure and, as a consequence, improve
survival. Two possibilities exist:

(a)

(b)

Invasive ventilation via tracheostomy. The data reported in the literature
come from retrospective studies or are based on historical controls: in one
study there was no difference in the 5-year survival of such patients com-
pared to groups treated only with traditional medical therapy [43]. Since a
large proportion of these patients had been tracheostomised in the presence
of satisfactory blood gas levels, this therapeutic approach is thus not recom-
mendable at least in these stages of the disease.

Non-invasive ventilation, using positive pressure ventilators with face or
nasal mask or intermittent negative-pressure devices. Non-invasive mechan-
ical ventilation, whether by positive pressure [44-49] or negative pressure
[50], has proved particularly effective as a treatment of acute or chronic res-
piratory failure, but its efficacy as a long-term preventive measure has still
to be established. American authors showed that nocturnal ventilation for
3 months is poorly tolerated and fails to produce significant physiological
effects apart from those concerning the neuropsychological state [47]. But
more recently, British authors reported that non-invasive pressure support
ventilation associated with oxygen therapy can improve the level of capnia,
exercise tolerance and quality of sleep compared to oxygen alone [44, 48].
The discordance between the two studies can be explained by the fact that,
in the first study, patients were recruited with a low level of capnia and were
on controlled ventilation, whereas in the second the patients were generally
more severe and were on total-assist ventilation.

LTOT remains the treatment of choice in respiratory failure due to COPD. However,

it has been argued that non-invasive positive pressure ventilation (NIPPV) may offer
advantages by controlling hypercapnia and reducing the work of breathing by rest-
ing the respiratory muscles in patients with severe airflow obstruction. At present the
value of NIPPV in COPD is controversial. The advantages of mask ventilation are as

follows:

Intermittent delivery of ventilation

No need for endotracheal intubation

Use of different modalities of ventilation

Normal swallowing, feeding, speech
Physiological air warming and humidification
Physiological cough

Easier weaning

Unchanged possibilities of endotracheal intubation

The predominant mode is now NIPPV, which has superseded tracheostomy-

intermittent positive pressure ventilation (T-IPPV) in most cases where bulbar
reflexes are intact and ventilatory dependence is not complete.

At present there are no precise indications concerning which is the better mode of

ventilation since no studies on the subject exist in patients affected by COPD. However
the following guidelines may be useful:

1. Positive-pressure devices are preferable to intermittent negative-pressure devices
because they are easier to handle and less noisy
2. Nasal masks are better tolerated than face masks
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3. Pressure-cycled ventilators seem better adapted to the needs of the patient since
they are theoretically able to determine the patient’s breathing pattern (flow vol-
ume and timing), whereas with volume-cycled ventilators the breathing pattern is
“dictated” by the operator.

Indications

As mentioned previously the indication for NPPV in patients with COPD is the
presence of hypercapnia. However, the “critical threshold” of PaCO, to implement
this method is still controversial. It is important also to take into account the natural
history of the underlying condition, in order to anticipate future needs such as, for
example, the extension from nocturnal to diurnal ventilatory support and the associ-
ated co-morbidities, and the level of impairment that might determine the success of
maintaining the individual at home.

Taking all of this into account, it would seem advisable to restrict home care to
carefully selected patients who have: severe hypercapnia (PaCO,>55 mmHg), a good
stable ventilator response, good compliance to mechanical ventilation, valid caregiver
support, and in whom the use of chronic ventilation is the only medical procedure
suitable for obtaining a satisfactory arterial blood gas equilibrium.

Home Follow Up

Periodic assistance should be provided by a multidisciplinary team including nurses,
respiratory therapist, psychologist, and physician. The ideal follow-up system should
include one visit weekly by the respiratory therapist and one domiciliary check up
by the physician [51]. Once a year, one short-term hospitalisation is recommended in
order to check the efficacy of ventilatory therapy.

The education of patients and all the individuals involved in the home care con-
stitutes a crucial aspect that is fundamental for the success of the home care itself.
The education process should start as soon as possible during the patient’s hospital
stay. The most suitable method is bedside teaching in small groups for sessions of
30-60 min [52], including a description of the disease, the principles of assisted ven-
tilation and the goals of long term ventilatory support. The training procedure should
include routine and emergency management of all respiratory equipment as well as
the administration of drugs and any other care, when needed. Before the discharge of
patients from hospital to the home, all the care givers involved should be well prepared
and confident in their ability to cope: a short trial of home care is strongly recom-
mended before discharge.

Prior to discharge, the home environment needs to be checked to make sure that
there is adequate space for the patient, family and other care givers, and adequate stor-
age facilities [53-57]. There should be no fire, health or safety hazards present in the
home. Electrical, heating, air-conditioning and ventilation systems need to be of an
adequate standard. Finally, caregivers must have assured access to the medical team
through a hotline or 24-h/day telephone service, for any advice or if the need arises
for patient readmission.

Long term ventilatory support requires medical, nursing and technical resources.
Medical support is best assured through an ongoing collaboration between the general
practitioner and pulmonologist, in order to ensure clinical stability and manage
co-morbidities and acute exacerbation of the disease. Usually, a regular monitoring
of daytime and overnight gas exchange is recommended every 6 months or at least at
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annual intervals. Nurses or respiratory therapists with experience in home mechanical
ventilation represent the reference figure for home monitoring, providing an essential
support for the many issues that usually challenge the family caregivers. Technical
support includes the regular maintenance of all devices, with periodic checks.
Advances in telematic communication systems have opened up new possibilities for
home monitoring, making it possible to have continuous data on the clinical monitoring
and also on the correct functioning of the devices. This aspect is particularly important
for patients living in outlying areas [51].

With a careful selection of patients and a carefully designed programme, the home
care of patients on chronic ventilatory support can improve not only the quality of life
of these patients but also (despite its high costs) reduce the health care costs through
a drastic cut in the costs of hospitalisation and through a reduction in the number of
admissions to ICU for acute exacerbation.

Quality control of the equipment used in home mechanical ventilation is necessary
in order to ensure that patients safely and accurately receive the prescribed ventila-
tory support. The aim of a 2005 European Survey [58] was to collect data on the
quality-control procedures in different centres and countries. The survey was carried
out in the context of a European Commission Concerted Action covering 16 European
countries. The study was extensive and detailed, involving 326 centres, which provided
home ventilation to >20,000 patients. The survey showed that (1) ventilator servic-
ing was mainly carried out by external companies (62% of centres), with a servicing
frequency ranging from 3 to 12 months; (2) interaction between servicing companies
and prescribers was limited (only 61% of centres were always informed of major
incidents); (3) participation of centres in equipment quality control was poor (only
56% of centres assessed that patients/caregivers correctly cleaned/maintained the ven-
tilator); and (4) centres were insufficiently aware of vigilance systems (only 23% of
centres). Moreover, the data showed considerable inter- and intra-country differences.
The size of the centre was an important determinant of many of these quality-control
aspects. This survey provides information that will enable the European Commission
Concerted Action to formulate recommendations on procedures for home-ventilator
quality control [58].

Home Rehabilitation

Rehabilitation is an ongoing therapeutic approach that lasts for the whole of the
patient’s life and for which it is very important to ensure the best possible compliance
to treatment. Home care can play an important role in ensuring a good adherence to
treatment in patients on pulmonary rehabilitation. For example, there are very posi-
tive results in the community-based programmes of rehabilitation, which have a very
positive impact on quality of life and exercise tolerance [59]. Strijbos described a case
series of patients, randomised to either a hospital outpatient pulmonary rehabilitation
programme or a home-based programme lasting 12 months, with supervision twice
a week. Similar improvements in both groups were observed at 3 and 6 months, but
only the patients who underwent the home-based programme showed a sustained
improvement at 18 months [60].

Although there is good evidence that rehabilitation improves HRQoL and functional
exercise capacity, these improvements diminish with time almost certainly because
of reduced patient compliance [61]. Pulmonary rehabilitation involves a coordinated
multidisciplinary treatment plan that focuses on all aspects of the disease over time and
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is indeed a component of integrated care of the COPD patient [62]. Home rehabilitation
should play a major role in assuring sufficient adherence to treatment in COPD
patients. However, given the high costs of actuating a good home care program, a
cost-benefit analysis should be carried out, and home care should be reserved to severe
patients and those who have frequent exacerbation of the disease and especially to
patients who, after a trial period, have demonstrated a good compliance to the home
management programme.

Summary

Home care services offer a great advantage for patients with respiratory disorders,
especially for infant or elderly patients, reducing the amount of time needed to be spent
in hospital during an acute event, or removing altogether the need for hospitalisation.
Home care facilitates the hospital discharge for severe COPD patients, in particular
for those on LTOT or ventilatory support, representing an indispensable pre-requisite
for home placement of patients on chronic mechanical ventilation. The education of
patients and all the individuals involved in the home care constitutes a crucial aspect
that is fundamental for the success of the home care itself, and the education process
should start as soon as possible during the patient’s hospital stay.

Home rehabilitation should play a major role in assuring sufficient adherence to
treatment in COPD patients. However, given the high costs of actuating a good home
care programme, a cost-benefit analysis needs to be carried out, and home care should
be reserved for severe patients and those who have frequent exacerbation of the disease,
and especially for patients who, after a trial period, have shown a good compliance.

References

1. Statement on home care for patients with respiratory disorders. Am J Respir Crit Care Med
171:1443-1464 (2005)

2. Nici L, Donner CF, Wouters E, Zuwallack R, Ambrosino N, Bourbeau J, Carone M, Celli B,
Engelen M, Fahy B, Garvey C, Goldstein R, Gosselink R, Lareau S, Maclntyre N, Maltais F,
Morgan M, O’Donnell D, Prefault C, Reardon J, Rochester C, Schols A, Singh S,
Troosters T, on behalf of the ATS/ERS Pulmonary Rehabilitation Writing Committee (2006)
American Thoracic Society/European Respiratory Society statement on pulmonary rehabilita-
tion. Am J Respir Crit Care Med 173:1390-1413

3. Celli BR, MacNee W, and committee members (2004) Standards for the diagnosis and
treatment of patients with COPD: a summary of the ATS/ERS position paper. Eur Respir J
23:932-946

4. Davies L, Wilkinson M, Bonner S, Calverley PMA, Angus RM (2000) “Hospital at home”
versus hospital care in patients with exacerbations of chronic obstructive pulmonary dis-
ease: prospective randomized controlled trial. BMJ 321:1265-1268

5. Richards SH, Coast J, Gunnell DJ, Peters TJ, Pounsford J, Darlow M-A (1998) Randomised
controlled trial comparing effectiveness and acceptability of an early discharge, hospital at
home scheme with hospital care. BMJ 316:1796-1801

6. Sala E, Alegre L, Carrera M, Ibars M, Orriols FJ, Blanco ML, Carceles F, Bertran S, Matta
F, Font I et al (2001) Supported discharge shortens hospital stay in patients hospitalized
because of an exacerbation of COPD. Eur Respir J 17:1138-1142

7. Gravil JH, Al-Rawas OA, Cotton MM, Flanigan U, Irwin A, Stevenson RD (1998) Home
treatment of exacerbations of chronic obstructive pulmonary disease by an acute respiratory
assessment service. Lancet 351:1853-1855

221



222

C.F. Donner

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

. Hernandez C, Casas A, Escarrabill J, Alonso J, Puig-Junoy J, Farrero E, Vilagut G, Collvinent B,

Rodriguez-Roisin R, Roca J, partners of CHRONIC Project (2003) Home hospitalization of exac-
erbated chronic obstructive pulmonary disease patients. Eur Respir J 21:58-67

. Skwarska E, Cohen G, Skwarski KM, Lamb C, Bushell D, Parker S, MacNee W (2000)

Randomized controlled trial of supported discharge in patients with exacerbations of
chronic obstructive pulmonary disease. Thorax 55:907-912

Cotton MM, Bucknall CE, Dagg KD, Johnson MK, MacGregor G, Stewart C, Stevenson
RD (2000) Early discharge for patients with exacerbations of chronic obstructive pulmo-
nary disease: a randomized controlled trial. Thorax 55:902-906

Shepperd S, Harwood D, Jenkinson C, Gray A, Vessey M, Morgan P (1998) Randomized
controlled trial comparing hospital at home care with inpatient hospital care. I. Three
month follow up of health outcomes. BMJ 316:1786-1791

Bourbeau J, Julien M, Maltais F, Rouleau M, Beaupre A, Begin R, Renzi P, Nault D,
Borychi E, Schwartzman K et al (2003) Reduction of hospital utilization in patients with
chronic obstructive pulmonary disease. Arch Intern Med 163:585-591

Neff DF, Madigan E, Narsavage G (2003) APN-directed transitional home care model:
achieving positive outcomes for patients with COPD. Home Healthc Nurse 21:543-549
Naylor MD, Brooten D, Campbell R, Jacobsen BS, Mezey MD, Pauly MV, Schwartz JS
(1999) Comprehensive discharge planning and home follow-up of hospitalized elders.
JAMA 281:613-620

Spratt G, Petty TL (2001) Partnering for optimal respiratory home care: physicians work-
ing with respiratory therapists to optimally meet respiratory home care needs. Respir Care
46:475-488

Hernandez MTE, Rubio M, Ruiz FO, Riera HS, Gil RS, Gomez JC (2000) Results of a
home-based training program for patients with COPD. Chest 118:106-114

Oh E-G (2003) The effects of home-based pulmonary rehabilitation in patients with
chronic lung disease. Int J Nurs Stud 40:873-879

Strijbos JH, Postma DS, van Altena R, Gimeno F, Koéter GH (1996) Feasibility and effects
of a home-care rehabilitation program in patients with chronic obstructive pulmonary dis-
ease. J Cardiopulm Rehabil 16:386-393

. Puente-Maestu L, Sanz ML, Cubillo JM, Mayol J, Casaburi R (2000) Comparison of

effects of supervised versus self-monitored training programmes with chronic obstructive
pulmonary disease. Eur Respir J 15:517-525

Strijbos JH, Postma DS, van Altena R, Gimeno F, Koéter GH (1996) A comparison between an
outpatient hospital-based pulmonary rehabilitation program and a home-care pulmonary reha-
bilitation program in patients with COPD: a follow-up of 18 months. Chest 109:366-372
Wijkstra PJ, van der Mark TW, Kraan J, van Altena R, Koéter GH, Postma DS (1996)
Long-term effects of home rehabilitation on physical performance in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 153:1234-1241

Hughes SL, Weaver FM, Giobbie-Hurder A, Manheim L, Henderson W, Kubal JD,
Ulasevich A, Cummings J (2000) Effectiveness of team-managed home-based primary
care: a randomized multicentre trial. JAMA 284:2877-2885

Hermiz O, Comino E, Marks G, Daffurn K, Wilson S, Harris M (2002) Randomised con-
trolled trial of home based care of patients with chronic obstructive pulmonary disease.
BM1J 325:938-940

Report of the Medical Research Council Working Party (1981) Long-term domiciliary
oxygen therapy in chronic hypoxic cor pulmonale complicating chronic bronchitis and
emphysema. Lancet 1:681-685

Nocturnal Oxygen Therapy Trial Group (1980) Continuous or nocturnal oxygen therapy in
hypoxemic chronic obstructive lung disease. Ann Intern Med 93:391-398

Weitzenblum E, Sautegeau A, Ehrhart M, Mammosser M, Pelletier A (1985) Long-term
oxygen therapy can reverse the progression of pulmonary hypertension in patients with
chronic obstructive pulmonary disease. Am Rev Respir Dis 131:493-498



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

12 Home Management Issues

Oswald-Mammosser M, Weitzenblum E, Quoix E et al (1995) Prognostic factors in COPD
patients receiving long-term oxygen therapy: importance of pulmonary artery pressure.
Chest 107:1193-1198

Zielinski J, Tobiasz M, Hawrylkiewicz I, Sliwinksi P, Palasiewicz G (1998) Effects of long-
term oxygen therapy on pulmonary hemodynamics in COPD patients: a 6-year prospective
study. Chest 113:65-70

MacNee W, Wathen CG, Flenley DC, Muir AD (1988) The effects of controlled oxygen
therapy on ventricular function in patients with stable and decompensated cor pulmonale.
Am Rev Respir Dis 137:1289-1295

Zielinski J (1999) Effects of long-term oxygen therapy in patients with chronic obstructive
pulmonary disease. Curr Opin Pulm Med 5:81-87

Dean NC, Brown JK, Himelman RB et al (1992) Oxygen may improve dyspnea and
endurance in patients with chronic obstructive pulmonary disease and only mild hypox-
emia. Am Rev Respir Dis 146:941-945

Somfay A, Porszasz J, Lee SM, Casaburi R (2001) Dose-response effect of oxygen on
hypertension and exercise endurance in nonhypoxaemic COPD patients. Eur Respir J
18:77-84

Eaton T, Garrett JE, Young P et al (2002) Ambulatory oxygen improves quality of life of
COPD patients: a randomised controlled study. Eur Respir J 20:306-312

Grant I, Heaton RK (1985) Neuropsychiatric abnormalities in advanced COPD. In: Petty
TL (ed) Chronic obstructive pulmonary disease. Marcel Dekker, New York, pp 355-373
Thakur N, Blanc PD, Julian LJ, Yelin EH, Katz PP, Sidney S, Iribarren C, Eisner MD
(2010) COPD and cognitive impairment: the role of hypoxemia and oxygen therapy. Int J
Chron Obstruct Pulmon Dis 5:263-9.

Eaton T, Lewis C, Young P, Kennedy Y, Garrett JE, Kolbe J (2004) Long-term oxygen
therapy improves health-related quality of life. Respir Med 98:285-93

Kory RC, Bergmann JC, Sweet RD et al (1962) Comparative evaluation of oxygen therapy
techniques. JAMA 179:123-128

Gibson RL, Comer PB, Beckman RW et al (1976) Actual tracheal oxygen concentration
with commonly used therapy. Anesthesiology 44:71-73

Mehta S, Hill NS (2001) Noninvasive ventilation. Am J Respir Crit Care Med 163:540-77
Muir JF, Cuvelier A, Tenang B (1997) European task force on mechanical ventilation
COPD. Long-term home nasal intermittent positive pressure ventilation (NIPPV) plus oxy-
gen therapy (LTOT) versus LTOT alone in severe hypercapnic COPD. Preliminary results
of a European multicentre trial. Am J Respir Crit Care Med 155:A408

Clini E, Sturani C, Rossi A, Viaggi S, Corrado A, Donner CF, Ambrosino N, on the
behalf of the Rehabilitation and Chronic Study Group, Italian Association of Hospital
Pulmonologists (AIPO) (2002) The Italian multicentre study on noninvasive ventilation in
chronic obstructive pulmonary disease patients. Eur Respir J 20(3):529-538

Muir JF, Girault C, Cardinaud JP, Polu JM (1994) Survival and long-term follow up of tra-
cheostomized patients with COPD treated by home mechanical ventilation. A multicentre
French study in 259 patients. French Cooperative Study group. Chest 106:201-209
Fauroux B, Boffa C, Desguerre I, Estournet B, Trang H (2003) Long-term noninva-
sive mechanical ventilation for children at home: a national survey. Pediatr Pulmonol
35(2):119-25

Meecham Jones DJ, Paul EA, Jones PW, Wedzicha JA (1995) Nasal pressure support
ventilation plus oxygen compared with oxygen therapy alone in hypercapnic COPD. Am J
Respir Crit Care Med 152:538-44

Gay PC, Hubmayr RD, Stroetz RW (1996) Efficacy of nocturnal nasal ventilation in stable,
severe chronic obstructive pulmonary disease during a 3-month controlled trial. Mayo Clin
Proc 71:533-42

Casanova C, Celli BR, Tost L et al (2000) Long-term controlled trial of nocturnal nasal
positive pressure ventilation in patients with severe COPD. Chest 118:1582-90

223



224

C.F. Donner

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Strumpf DA, Millman RP, Carlisle CC et al (1991) Nocturnal positive-pressure ventilation
via nasal mask in patients with severe chronic obstructive pulmonary disease. Am Rev
Respir Dis 144:1234-9

Elliott MW, Mulvey DA, Moxham J, Green M, Branthwaite MA (1991) Domiciliary noc-
turnal nasal intermittent positive pressure ventilation in COPD: mechanisms underlying
changes in arterial blood gas tensions. Eur Respir J 4:1044—-1052

Nava S, Navalesi P (2001) Domiciliary noninvasive ventilatory support. In: Similowski T,
Whitelaw WA, Derenne JP (eds) Clinical management of chronic obstructive pulmonary
disease. Marcel Dekker, New York, pp 731-758

Corrado A, De Paola E, Gorini M, Messori A, Bruscoli G, Nutini S, Tozzi D, Ginanni R
(1996) Intermittent negative pressure ventilation in the treatment of hypoxic hypercapnic
coma in chronic respiratory insufficiency. Thorax 51:1077-1082

Robert D, Vitacca M (2005) Ventilatory assistance at home. In: Donner CF, Ambrosino N,
Goldstein RS (eds) Pulmonary rehabilitation. Hodder Arnold, London, pp 343-352
Thompson CL, Richmond M (1990) Teaching home care for ventilator-dependent patients:
the patients’ perception. Heart Lung 19:79-83

Findei A, Larson JL, Gallo A, Shekleton M (1994) Caring for individuals using home
ventilators: an appraisal by family caregivers. Rehabil Nurs 19:6-11

Make B, Gilmartin M, Brody JS, Snider GL (1984) Rehabilitation of ventilator-dependent
subjects with lung diseases. The concept and initial experience. Chest 86:358-365
Goldberg Al, Noah Z, Fleming M et al (1987) Qualita of care for life-supported children
who require prolonged mechanical ventilation at home. QRB Qual Rev Bull 13:81-88
Miller MD, Steele NF, Nadell JM et al (1993) Ventilator-assisted youth: appraisal and
nursing care. J Neurosci Nurs 25:287-295

Rozell BR, Newman KL (1994) Extending a critical path for patients who are ventilator
dependent: nursing case management in the home setting. Home Healthc Nurse 12:21-25
Farre R, Lloyd-Owen SJ, Ambrosino N, Donaldson G, Escarrabill J, Fauroux B,
Robert D, Schoenhofer B, Simonds A, Wedzicha JA (2005) Quality control of equipment
in home mechanical ventilation: a European survey. Eur Respir J 26(1):86-94

Wijkstra PJ, Ten Vergert EM, Van Altena RM et al (1995) Long term benefits of rehabilita-
tion at home on quality of life and exercise tolerance in patients with chronic obstructive
pulmonary disease. Thorax 50:824-828

Strijbos JH, Postma DS, Van Altena RM et al (1996) A comparison between an outpatient
hospital-based pulmonary rehabilitation program and a home-care pulmonary rehabilita-
tion program in patients with COPD. A follow-up of 18 months. Chest 109:366-372
Goldstein RS, ZuWallack R (2005) Long term compliance after chronic obstructive pulmo-
nary disease rehabilitation. In: Donner CF, Ambrosino N, Goldstein RS (eds) Pulmonary
rehabilitation. Hodder Arnold, London, pp 369-376

Nici L, Raskin J, Rochester C, Bourbeau JC, Carlin BW, Casaburi R, Cote C, Crouch RH,
Diez-Morales LF, Celli BR, Donner CF, Fahy BF, Garvey C, Goldstein R, Lane-Reticker A,
Lareau SC, Make B, Maltais F, McCormick J, Morgan MDL, Ries AL, Troosters T,
ZuWallack R (2009) Pulmonary rehabilitation what we know and what we need to know. J
Cardiopulm Rehabil Prev 29:141-151



13

Co-Morbidities and Systemic
Effects of COPD

Emiel EM. Wouters and Erica P.A. Rutten

Key Points:

e Chronic obstructive pulmonary disease (COPD) is defined as a preventable and
treatable disease with significant extrapulmonary effects, which may contribute to
the disease severity in individual patients.

* An increasing amount of attention has been paid to causal relationships between
one disorder and another and to an underlying vulnerability to different disorders.

* A patient-oriented approach to COPD needs to take into account that several
coexisting components of the chronic disease can contribute to the experienced
symptomatology.

Keywords Cardiovascular disease ® Charlson index ¢ extrapulmonary ¢ inflammation
* neoplasm ® osteoporosis ® systemic

Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mor-
tality worldwide, and the burden of the disorder will continue to increase over the next 20
years. COPD is characterized by airflow limitation and classification or staging systems,
which so far have been largely based only on the degree of airflow limitation despite the
recognized imperfect relation between the extent of airflow limitation and the presence
of symptoms. Especially in the later phase of the disease, COPD is now considered as a
multicomponent disease and the use of all-cause mortality as a paramount end-point for
the evaluation of novel therapies has focused attention on the role of co-morbidities as
part of the natural history of the disease process. Unfortunately, there is no universally
accepted definition of co-morbidity. Co-morbidity has been defined as the presence of
more than one disease or health condition in an individual at a given time. This associa-
tion may reflect a causal relationship between one disorder and another or an underlying
vulnerability to both disorders or the appearance of the illnesses may be unrelated to any
common etiology or vulnerability. Others define co-morbidity more strictly as the pres-
ence of a concomitant but unrelated pathological or disease process.

Smoking is still the most important risk factor for COPD. Cigarette smoking is the
leading cause of preventable mortality in the developed world and is related to a wide
spectrum of smoke-related diseases. The 2004 US Surgeon General’s report reviewed
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Table 13.1 Smoking related disorders.

Cancer of the:

Bladder

Cervix

Esophagus

Kidney

Larynx

Lung

Acute myeloid leukemia
Oral cavity and pharynx
Pancreas

Stomach

Reproductive effects:
Fetal death and stillbirths
Reduced fertility

Low birth weight
Pregnancy complications

The presence of:

Abdominal aortic aneurysm
Atherosclerosis

Cerebrovascular disease

Coronary heart disease

Chronic obstructive pulmonary disease
Pneumonia

Respiratory effects in utero
Respiratory effects in childhood

Other effects:

Cataract

Diminished health status
Hip fractures

Low bone density

Peptic ulcer disease

available data linking active cigarette smoking to disease and determined that
smoking causes various pathologies [1] (Table 13.1). The relation between
tobacco smoke and disease is complex and influenced by a number of factors.
Presence of these diseases in patients diagnosed with COPD is at least related
to a common vulnerability to the toxic and carcinogenic effects of tobacco
smoke. Other diseases have probably a more mechanistic link to COPD: some
evidence has implicated pulmonary and systemic inflammation as a common
link between COPD and certain co-morbid conditions. This process of sys-
temic inflammation may also increase the vulnerability of the patient to other
smoke-related conditions. Indeed, COPD is characterized by an abnormal
inflammatory response of the lung parenchyma to inhaled irritants and toxins
and by the presence of systemic inflammation. By this mechanism, a link has
been suggested between COPD and systemic complications such as cachexia
or muscle wasting, osteoporosis, and cardiovascular diseases [2].

This chapter reviews current evidence with respect to muscle wasting,
cardiovascular morbidity, endocrinological disturbances, disturbances in fluid
homeostasis, and osteoporosis.

Prevalence of Co-Morbidities in COPD

A limited number of studies have systematically reviewed co-morbid conditions in
COPD. A study conducted by UK General Practices reported that COPD is associ-
ated with many co-morbidities, particularly those related to cardiovascular-, bone-,
and other smoking-related conditions [3]. Another study revealed that patients with
COPD had a higher prevalence of certain co-morbid conditions, including coronary
artery disease, congestive heart failure, other cardiovascular disease, local malig-
nant neoplasm, neurological disease other than stroke with hemiplegia, ulcers, and
gastritis [4]. Other studies have evaluated co-morbidity as part of the work-up
of patients hospitalized for acute exacerbations [5, 6]. Co-morbidity in these studies
was checked by the Charlson-index, an automated method to quantify co-morbidity
for analytic purposes [7]. These studies showed that the Charlson index is associ-
ated with reduced survival. A recent evaluation of the USA National Hospital
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discharge survey revealed that hospital diagnosis of COPD was associated with a higher rate
of age-adjusted, in-hospital mortality for pneumonia, hypertension, heart failure, ventilatory
failure, and thoracic malignancies and was not associated with a greater prevalence of hos-
pitalization or in-hospital mortality for acute and chronic renal failure, HIV, gastro-intestinal
hemorrhage, and cerebrovascular disease [8].

Further prospective studies based on adequate definitions of co-morbid conditions
and objective criteria of these pathological conditions are urgently needed in order to
objectify the problem of co-morbidity in COPD.

Muscle Wasting

Typical symptoms of patients with COPD are shortness of breath, first only during
exercise and, at a later stage, also at rest [9, 10], and exercise intolerance. The latter is
not only related to the respiratory impairment, but also to systemic features like weight
loss and loss of fat-free mass (FFM). FFM gives a reflection of the metabolic active
organs in which skeletal muscle is being the largest, and therefore, FFM depletion is
associated with muscle weakness, reduced exercise tolerance [11], and impaired health
status [12]. Body mass index (BMI) and overall systemic inflammation appeared to
be the major determinants for hospitalization and death risk in end-stage respiratory
disease [13]. However, Schols et al. [14]. showed that the FFMI (FFM corrected for
height squared) was an independent predictor for survival. The authors concluded that
FFMI provided information concerning disease prognosis that is beyond that provided
by BML. In line, measurement of the mid-tight cross-sectional area with computed
tomography(CT) scan gave a better prediction of survival than did BMI [15]. Another
study also reported that FFMI is a significant predictor of mortality, independent of
covariates such as sex, smoking, lung function, and even BMI [16]. Since it is shown
that the prevalence of muscle wasting in COPD is an independent predictor of mor-
tality, the systemic effects of the disease cannot be overlooked any more. Therefore,
objective assessment of FFM in the screening of COPD gained interest. In addition,
to develop effective therapies and rehabilitation programs to prevent or treat muscle
wasting in COPD, it is important to receive knowledge about the factors and the
mechanisms involved in the process of muscle wasting.

Prevalence of Muscle Wasting

Weight loss commonly occurs in patients with COPD. A decreased body weight was
reported in 49% of 253 patients with COPD in a pulmonary rehabilitation center [17].
Besides the prevalence of weight loss, the actual prevalence of muscle wasting is prob-
ably underestimated when extrapolated from body weight measurements because FFM
may be reduced despite preservation of body weight. In a study by Schols et al. [14], a
group of 412 COPD patients was divided into four subgroups, depending on their BMI
and body composition. The results showed that the survival rate of patients suffering
from cachexia (low BMI and low FFMI) or muscle atrophy (normal BMI and low FFMI)
did not differ significantly, but was higher than the survival rate of patients suffering
from semistarvation (low BMI and normal FFMI). Thus, independent of the BMI and
disease severity, FFMI predicted the mortality rate. From a study conducted in a large
out-patient group, it was concluded that the prevalence of FFM depletion was about
30% in patients with an FEV1 between 30% and 70% pred [18], and was associated
with impaired peripheral muscle strength [19]. These data imply, together with recent
national and international guidelines [20, 21], a need for a multidimensional index for the
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staging for COPD that incorporates, besides the lung function measurements, assessment
of the body composition. Indeed, recent national and international guidelines imply a
need for a multidimensional index for the staging of COPD that incorporates assessment
of the body composition, as well as the lung function measurements. In practical terms,
bioelectrical impedance measurement (BIA) is an easy, noninvasive, validated, and
convenient method of measuring the fat and fat-free body compartments.

Pathogenesis of Muscle Wasting

Whole body weight loss generally occurs when energy expenditure exceeds energy
intake. Increased resting energy expenditure has indeed been reported in patients
with COPD [22],which was independent of the severity of COPD but influenced the
patients’ physical performance [23].However, in numerous patients, daily activity level
was decreased [24], so that their total energy expenditure was actually not different
compared to healthy controls. Loss of body weight together with an excessive loss of
skeletal muscle mass in chronic disease (cachexia) differs from loss of body weight
alone by the presence of metabolic modifications related to the underlying disease.
Inactivity per se contributes to a decrease of skeletal muscle mass via several adaptive
changes such as reduced proportion of type I fibers and oxidative enzyme capacity,
muscle fiber atrophy, and reduced muscle capillarization [25].However, peripheral
skeletal muscle wasting in COPD is due not only to muscle disuse, but also to a form of
myopathy that involves a whole cascade of factors that contribute to the development
of muscle wasting (Fig. 13.1).

Wasting of skeletal muscle mass is always the result of an imbalance between
muscle protein synthesis and muscle protein breakdown. A higher myofibrillar protein
breakdown is shown in cachectic COPD patients, although there are no differences in

Hypoxemia
I Inflammatory markers | ‘I’

|

Ubiquitine-proteasome pathway

\ ROS
Protein breakdown /

>I Muscle wasting I

Environmental markers: ]’1'0!0.1” 1!['L’21|—L\ll\.\\ n
Protein synthesis |

Energy intake |

Activity |

Energy expenditure T Endocrinological influence

Fig. 13.1. Schematic overview of various factors involved in the development of muscle wast-
ing in patients with COPD
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whole body protein breakdown [26]. Various mechanisms are involved in the increased
protein breakdown, but the ubiquitine-proteasome pathway is assumed to provide most
of the proteolytic activity required for the degradation of myofibrillar protein [27]. The
contribution of this pathway to the development of cachexia is a hot topic now, and a
number of factors that play a crucial role in the activation of the ubiquitine-proteasome
pathway have been detected. Animal studies have shown that the proinflammatory
cytokines tumor necrose factor-o. (TNF-a) and interleukine-6 (IL-6) stimulate the
ubiquitine-proteasome pathway [28], via the activation of nuclear factor-kappa B
(NF-xB) that was increased in underweight COPD patients [29]. A direct effect of
inflammation on muscle wasting has not been found so far in humans, but many data in
the literature strongly support a causal relationship. Like other chronic diseases, COPD
is characterized by low-grade systemic inflammation [30, 31], which is associated with
an increased production of TNF-a [32] and IL-6 [33]. In addition, it has recently been
shown that exercise induces more systemic inflammation in muscle-wasted patients
with COPD than in nonmuscle-wasted patients [34]. Besides systemic inflamma-
tion, patients with COPD also suffer from local lung inflammation as proved by the
increased markers of soluble TNF-a and IL-6 in the sputum of clinically stable patients
[35]. However, the results described in this manuscript did not show a direct correla-
tion between local and systemic inflammation. On the other hand, a meta-analysis by
Gan et al. [36] concluded that system inflammation is at least partly caused by the lung
inflammation, although the mechanism behind it is not clear. In a recent paper, overex-
pression of pulmonary inflammatory markers in a mouse model showed decreased mus-
cle and body weights, suggesting that local inflammation can extend through the system
and cause muscle wasting [37]. Like inflammation, systemic hypoxia is a common find-
ing in COPD and both factors contribute to the generation of reactive oxygen species
(ROS) [38]. Oxidative stress occurs during an imbalance between the ROS production
and the antioxidant capacity to scavenge these ROS products. In COPD patients, both
altered antioxidant status [39, 40] and an increased systemic oxidative stress [41] at
rest and after low-intensity exercise [42] have been shown. Moreover, an impairment
of the adaptive response to oxidative stress is also reported in COPD patients [39, 43].
The exercise-induced oxidative stress was even more pronounced in muscle-wasted
patients with COPD compared to — nonmuscle-wasted patients [34]. Although a rela-
tion between systemic oxidative stress and muscle wasting is well described [25], the
mechanisms of how oxidative stress contributes to muscle wasting is not completely
clear. ROS affect the cellular metabolism by damaging DNA and by affecting the cel-
lular oxidative capacity, resulting in apoptosis. On the other hand, ROS can induce the
production of IL-6, assuming that oxidative stress can act as the cause rather than the
effect of systemic inflammation [34]. More research has to clarify the exact mechanism
of how a disturbed oxidant-antioxidant balance induces muscle in COPD patients.
Besides an increased protein breakdown, a decreased muscle protein synthesis due to a
disturbed cell regeneration capacity can also contribute to the muscle-wasting syndrome.
Satellite cells are myogenic precursor cells that play an essential role in the regeneration of
injured muscle and maintenance of muscle mass. The myogenic regulatory factor MyoD
appears to be important in satellite cell differentiation. A number of factors have been
implicated in the activation and proliferation of satellite cells. On the other hand, inflam-
matory markers like NF-kB and TNF-a. have been shown to inhibit MyoD expression and
can thus contribute to a disturbed regeneration capacity and hence muscle wasting.
Amino acids are the building blocks of muscle proteins and a disturbance in the
amino acid metabolism can contribute to skeletal muscle wasting. In this view, plasma
leucine concentration is often reduced in patients with COPD and this was associated
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with decreased levels of FFM [44]. Moreover, skeletal muscle glutamate concentration
is consistently decreased in patients with COPD [30, 44]. Both amino acids are able
to induce an insulin response, and leucine increases protein synthesis, while glutamate
plays a central role in the amino-transamination reactions. Therefore, disturbances in
these amino acids can also contribute to muscle wasting.

Apart from the mechanical alterations in skeletal muscle of patients with COPD
due to inflammation or hypoxia, endocrinological differences can also be a factor
contributing to the muscle-wasting process in these patients. In this view, a reduced
level of anabolic hormones in patients with COPD contributes to an impaired anabolic
response needed for maintenance of skeletal muscle mass. In general, anabolic stimuli
induce an increase in protein synthesis and a reduction in protein breakdown in order
to stimulate muscle growth and development.

Consequences

FFM and FFMI are independent predictors of mortality in COPD [14, 45]. In a cohort
of more than 4,000 patients treated with long-term oxygen therapy, it was shown that
low body weight is an independent risk factor for mortality and the highest survival
rate was reported in overweight patients [46].In addition, in patients with chronic
respiratory insufficiency, the nutritional status was closely linked to the prognosis
[47]. Furthermore, muscle wasting was associated with muscle weakness and reduced
exercise tolerance [11], which was in turn related to less muscle strength [18, 19, 48]
and impaired health status [12]. Furthermore, reduced body mass had an independent
negative effect on muscle aerobic capacity in COPD patients [49]. The risk of being
hospitalized with COPD was significantly increased in patients with low BMI and a
limited 6-min walking distance [50].

Management

Even with the knowledge of the multifactorial pathogenesis of muscle wasting in
patients with COPD, prevention and management of muscle wasting is complex
(Fig. 13.2). Reasonably, nutritional supplementation is often prescribed in patients
with low body mass, with or without low FFM, to increase their food intake and
thereby help them to gain body weight. However, nutritional supplementation alone
is overruled because there is a risk of their gaining only fat mass instead of FFM
after restoration of energy balance. Also, normal food intake can be substituted by
the supplement with the consequence that the total energy intake remains unchanged.
Indeed, a meta-analysis of reported randomized trials of calorie supplementation
given for more than 2 weeks found no significant improvements in anthropometry,
lung function, or exercise capacity [51]. Physical exercise is often suggested as an
anabolic stimulus to increase the protein storage in skeletal muscle instead of gain-
ing fat mass. Whole body exercise training during an 8-week rehabilitation program
was indeed able to increase body weight as a result of increased FFM, while body fat
mass tended to decrease in normal-weight patients with COPD [52]. Additionally, in
depleted patients with COPD who were entering an 8-week rehabilitation program,
embedding of nutritional supplementation was effective in improving body composi-
tion and muscle function capacity [53]. However, a substantial number of patients
failed to respond to nutritional support, as they were able to gain neither FFM nor
body weight. These patients were characterized by elevated systemic inflammatory
response [31, 54].
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Fig. 13.2. Various options to modulate the muscle wasting process in patients with COPD

Research on hormonal treatment or treatment of their mediators to increase skeletal
muscle mass is currently in the spotlights. For example, testosterone supplementation
combined with physical resistance training resulted in increased lean body mass and
muscle strength in men with severe COPD and low testosterone levels [55]. Ghrelin is
another circulating hormone that is implicated in both energy metabolism and inflam-
mation, and which stimulates secretion of growth hormone. Three-week treatment
with ghrelin resulted in improved body composition, reduced level of muscle wasting,
and increased functional capacity in cachectic patients with COPD [56]. Following the
cascade, modulating the ubiquitine proteasome pathway by proteasome inhibitors such
as Muscle Ring Finger 1 (MURF1) is shown to protect against muscle wasting [57].
However, although hormonal therapy or other pharmacological treatment may result
in an increase in skeletal muscle mass and strength or a prevention of muscle wasting,
other drug-related metabolic pathways may be affected as well. Before routine use can
be accomplished, caution is warranted until research confirms the safety of their use.

Apart from nutritional or pharmacological therapy, dietary adaptation, possibly
combined with an anabolic stimulus, is one of the most obvious modulations to prevent
or treat nutritional depletion and muscle wasting in patients with COPD. Concerning
macronutrient distribution, protein should correspond for 20% of the total energy
intake, whereas the quantity of carbohydrates ranges between 50% and 60% and
that of fat between 25% and 30% [58]. Adequate availability of nonprotein calories
prevents the ingested protein from being consumed as a source of energy. Besides the
macronutrient content, various specific nutrients play a role in the treatment of several
underlying mechanisms involved in muscle wasting. Amino acids are the constitu-
ents of muscle proteins and a disturbed amino acid metabolism can contribute to the
development of muscle wasting. Therefore, supplementation of specific amino acids
can be an option to prevent loss of skeletal muscle. Subsequently, branched chain
amino acids and particular leucine are suggested to play a pivotal role in the regula-
tion of protein metabolism [59]. In line, the increased whole-body myofibrillar protein
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breakdown in cachectic patients with COPD was associated with decreased plasma
glutamate concentration [26]. Because glutamate plays a central role in the amino acid
metabolism via transamination reactions, its role in the development of muscle wasting
should be investigated. However, glutamate supplementation in patients with COPD
influenced the intestinal area particularly [60]. Fish oil derived n-3 polyunsaturated
fatty acids (PUFA) have been suggested to positively affect the inflammatory response
and, hence, skeletal muscle wasting. Inflammatory cells contain high proportions of
n-6 PUFA and low proportions of n-3 PUFA. Accordingly, n-3 PUFA supplementa-
tion of the diet of healthy volunteers resulted in a decreased production of proinflam-
matory cytokines [61]. However, an 8-week supplementation of n-3 PUFA capsules
resulted in improved exercise capacity without increased FFM in normal weight
patients with moderate-to-severe COPD [31]. L-Carnitine is an amine that functions
in the energy metabolism in favor of the lipid metabolism, to spare muscle glycogen
in muscle fatigue [62]. Normal-weight patients with COPD receiving L-carnitine sup-
plementation during rehabilitation showed higher exercise tolerance and inspiratory
muscle strength, but again no effect on nutritional status. The same story goes with
antioxidant supplementation in periods of oxidative stress in patients with COPD.
Supplementation of N-acetyl cysteine [62] or vitamin E or A [63] may result in a better
oxidant/antioxidant balance but no data are yet available about the body composition
or the prognosis of muscle wasting after long-term food supplementation of these food
nutrients. Creatine phosphate is an explosive and anaerobic energy source in skeletal
muscle. Creatine supplementation to enhance performance via increasing muscle mass
is investigated in many population groups. In normal weight patients with COPD, crea-
tine supplementation for 12 weeks during rehabilitation resulted in increased FFM,
peripheral muscle strength, and endurance [64].

Hormonal Disturbances in COPD

Disturbances in the growth hormone/insulin-like growth factor-I (IGF-I) system, in
the thyroid hormone system, and in the hypothalamic—pituitary—gonadal axis are
discussed as these endocrinological disturbances can contribute to systemic manifesta-
tions of COPD as muscle weakness, muscle wasting, and osteoporosis.

Growth Hormone/Insulin-Like Growth Factor-I in COPD

Growth hormone provides stimulation for muscle growth and development. Growth
hormone exerts its effects primarily by increasing levels of insulin-like growth fac-
tors. Healthy elderly individuals have decreased levels of IGF-I, the major mediator
of growth hormone’s anabolic action on muscle [65]. In addition to increasing age,
systemic corticosteroids (commonly used to treat COPD exacerbations) are known to
down-regulate the growth hormone system.

Little information is available regarding circulating growth hormone or IGF levels
in COPD. Pituitary growth hormone secretion is pulsatile; circulating levels vary sub-
stantially over the course of the day. For this reason, growth hormone level in a single
blood sample has limited importance. Most data about the function of the growth hor-
mone axis have been inferred from measurement of IGF-I levels, which are considered
to reflect integrated growth hormone secretion. The data that exist suggest that IGF-I
levels in stable COPD patients tend to be low [66, 67], consistent with the impression
that the growth hormone axis is suppressed by chronic disease. On the other hand, a few
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studies suggested increased growth hormone concentrations in COPD and especially
in hypoxemic COPD [68]. In COPD, physiological stress such as chronic hypoxia
and bronchoconstriction could possibly induce an increase in growth hormone. In
growth hormone-deficient adults, administration of growth hormone increases muscle
mass and strength, and improves exercise performance [69]. However, while admin-
istration of growth hormone to healthy elderly individuals increases muscle mass,
improvements in muscle strength and endurance have not generally been detected.
Considering studies in patients with COPD, Suchner et al. [69] reported that 1-week
treatment with growth hormone in six severely underweight (>10% weight loss in the
previous year) patients with COPD resulted in a positive nitrogen balance, and also
in increased fat oxidation and energy expenditure, and decreased glucose oxidation.
No changes in body weight, muscle function or lung function were found [70]. In an
uncontrolled study design involving seven underweight (<90% of ideal body weight)
patients with COPD, 3 weeks of recombinant human growth hormone administration
increased weight and improved nitrogen balance and maximal inspiratory pressure,
with no adverse effects [71]. A controlled study has examined whether administration
of growth hormone enhances the benefits of exercise training in a study of 16 patients
with COPD [66]. The group that received growth hormone plus endurance exercise
training increased lean body mass, whereas the group that received exercise training
alone did not. Despite the increase in muscle mass, no significant change in maximum
inspiratory pressure or handgrip strength was observed in either group. There were
no significant differences between groups in the improvements after training in peak
oxygen uptake in an incremental exercise test; 6-min walk distance decreased in the
growth hormone group but not the placebo group [66]. Altogether, it is difficult to find
a rationale for the use of growth hormone in COPD at this time.

Thyroid Hormone in COPD

An important function of thyroid hormone is regulation of metabolism and
thermogenesis. Abnormalities in thyroid function potentially influence energy bal-
ance and body composition. Hypermetabolism is commonly observed in patients with
COPD:; this has been attributed to increased energy expenditure both at rest [22] and
during physical activities [72]. A hypermetabolic state in combination with insufficient
dietary intake will result in a negative energy balance and may conceivably contribute
to weight loss in COPD [73]. The prevalence of thyroid dysfunction in COPD and its
role in pulmonary cachexia has not been extensively studied.

Thyroid hormone levels have been reported in a group of 11 clinically stable nor-
mal-weight patients with COPD [74]. Dimopoulou et al. [75] found that, as a group,
patients with COPD had normal serum thyroid hormone levels. Serum total thyroxine
(TT4), total triiodothyronine (TT3), resin T3 uptake (RT3U), reverse triiodothyronine
(rT3), and thyroid-stimulating hormone (TSH) levels were measured. The free thyrox-
ine and free triiodothyronine indexes along with the TT3/TT4 ratio were calculated;
the latter was used as a marker of peripheral conversion of thyroxine into triiodothyro-
nine. In patients with forced expiratory volume in one second (FEV ) > 50% predicted
TT3, TT4, and TT3/TT4 ratio did not correlate with age, FEV,, arterial oxygen tension
(Pa,0,) or inhaled corticosteroid use. In patients with FEV, < 50% predicted, how-
ever, there was a strong positive correlation between TT3/TT4 ratio and Pa,O, [75].
Based on this work, hypoxemia seems to be a determinant of the peripheral metabo-
lism of thyroid hormones. Whether this constitutes an unfavorable adaptation in the
metabolism of patients with COPD must be studied further. Another study investigated
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neuroendocrine function before and after at least 4 months of long-term oxygen
treatment (LTOT) in 12 male, stable, hypoxemic COPD patients [76]. Patients received
thyroid-releasing hormone challenge before and after this period. Pretreatment thyroid
hormone levels were within normal range. Low FEV, was associated with low basal
and stimulated TSH levels. No significant hormonal changes were noted following an
average of 8 months of LTOT for the entire study group. However, in a subgroup (n=06)
with an increase in arterial oxygen saturation exceeding 7% points while receiving
LTOT, nocturnal excretion of S-free thyroxin was reduced by 20%. Therefore, in patients
with chronic hypoxemia, thyroid function is not influenced by LTOT except for a
subgroup with severe nocturnal hypoxemia [76]. Taken together, no evidence has been
presented so far that thyroid function is substantially altered in COPD, except perhaps
in a subgroup of patients with severe hypoxemia.

Testosterone in COPD

In males, testosterone is secreted mainly by the gonads. Secretion is stimulated by
luteinizing and follicle-stimulating hormones, which are produced in the pituitary. In
females, circulating testosterone levels are much lower; the main sites of secretion
are the adrenals and the ovaries. Total testosterone consists of ~30% of testosterone
strongly bound to sex hormone binding globulin (SHBG), with the remaining 70%
denoting bioavailable testosterone, including testosterone weakly bound to albumin
(68%) and free testosterone (2%) [77].

Semple et al. [78] found low testosterone levels in acutely ill, hospitalized COPD
patients with hypoxemia (Pa,O, ranging from 5 to 10 kPa). The degree of testosterone
depression was correlated to the severity of arterial hypoxemia and hypercapnia [78].
Whether hypogonadism is correlated to disease severity in terms of low FEV, or
impaired diffusing capacity, remains to be determined. Given the clinical impression
that patients with COPD may demonstrate signs compatible with hypogonadism,
Kamischke et al. [79] investigated the relationship between testosterone deficiency and
corticosteroid use. Thirty-six males with COPD of whom 16 were receiving oral gluco-
corticoid medication (mean+SD dose 9.4 +4.4 mg prednisolone) were cross-sectionally
investigated. No differences were seen between the groups, except for a shorter 6-min
walking distance in patients receiving glucocorticoids compared to patients without
oral steroid therapy. Serum levels of testosterone were below normal (<12 nM) in 15 of
36 patients. Serum levels of free testosterone (free T) were decreased (<200 pM) in 25
of the 36 patients, including all patients receiving glucocorticoid treatment. In the 16
patients taking glucocorticoids, free T was inversely correlated with current glucocor-
ticoid dosage and positively correlated with BMI. Therefore, glucocorticoid treatment
appears to aggravate hypogonadism. A study in asthmatic males treated with mainte-
nance systemic glucocorticoids showed reduced total and free testosterone concentra-
tions, which could be restored by 12 months’ therapy with intramuscular testosterone
[80]. Additional factors besides hypoxemia and chronic use of systemic glucocorticoids
may be involved in hypogonadism in COPD. There is evidence of an enhanced systemic
inflammatory response associated with FFM wasting in COPD [81]. Although little
information is yet available on the involvement of the systemic inflammatory response
in testosterone metabolism, experimental data in healthy males showed that a single
dose of recombinant human TNF induced an increase in luteinizing hormone, followed
by a 50% decrease in serum total testosterone [82]. These data suggest that TNF affects
the hypothalamopituitary-testicular axis at multiple levels and might be involved in
hypogonadism in systemic diseases. Hypogonadism, accompanied by chronic disease
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or not, is associated with wasting of body cell mass [83, 84]. In healthy, elderly males,
no association was found between functional tests (isometric strength of upper and
lower extremities, up-and-go test) and testosterone concentrations. The effects of tes-
tosterone supplementation have been studied in health and in certain diseases. Bhasin
et al. [85] performed a randomized, double-blind, placebo-controlled study in 43 healthy
males with experience in weight-lifting. They were randomized into four groups: pla-
cebo-no strength training, placebo-strength training (weight-lifting three times daily),
testosterone (600 mg intramuscularly weekly for 10 weeks) — no strength training,
and testosterone-strength training. Protein and energy intake were standardized. Of the
males in the no-strength training groups, those with testosterone treatment had greater
increases in FFM (3.2 kg vs 0.8 kg), in triceps and quadriceps muscle size, and in mus-
cle strength. The males in the testosterone-strength training group had greater increases
in FFM (6.1 kg, p<0.001), muscle size, and muscle strength than those in the two
no-strength training groups. The males in the placebo strength-training group achieved
an increase in FFM of 2.1 kg (p=0.017). It can be concluded from this well-designed
study that supraphysiological doses of testosterone, especially when combined with
strength training, increase FFM and muscle size and strength in healthy males. Only
a few studies of anabolic steroid supplementation in COPD have been reported. In a
study by Schols et al. [86] where a relatively low dose of nandrolone every 2 weeks for
8 weeks was administrated to males and females with COPD, an increase in lean body
mass and respiratory muscle strength was observed. Six months of stanozolol adminis-
tration to males with COPD resulted in increased body weight, lean body mass, but no
endurance exercise changes [87]. Forty-nine subjects completed a 4-month uncontrolled
observational study of oxandrolone; their body weight increased, but 6-min walk did not
[88]. It seems appropriate to conclude that further evidence has to be gathered before
testosterone repletion can be routinely recommended for patients with COPD.

Bone Disturbances in COPD

Osteoporosis has been recognized as one of the systemic effects of COPD.
Osteoporosis is a systemic skeletal disease characterized by microarchitectural reduc-
tion of bone tissue, leading to a low bone mass, increased bone fragility, and thereby,
increased fracture risk [89]. The preclinical state of osteoporosis is called osteopenia.
Osteoporosis is commonly found in postmenopausal females and elderly subjects,
or as a consequence of chronic disease or medical treatment. Different methods of
bone mineral density (BMD) measurements can be used. Dual energy X-ray absorp-
tiometry (DXA) is currently the most frequently used and is accurate, reproducible,
and involves very low doses of radiation. BMD is expressed in standard deviation of
means, the T and Z scores. The T score is a standard deviation compared to a young
adult sex-matched control population. The Z score is a standard deviation compared to
an age- and sex-matched control population [90]. One standard deviation reduction in
the BMD increases the fracture risk by 1.5-3-fold [91]. Large epidemiological studies
aimed at assessing the incidence and prevalence of osteoporosis within populations of
patients with COPD at various stages of disease severity are lacking. Depending on
the study population, as many as 35-72% of patients with COPD have been reported
to be osteopenic, and 36-60% of patients with COPD have osteoporosis [92]. In 56%
of the COPD patients admitted for pulmonary rehabilitation, there were indications
of bone mineral loss, and osteoporosis was present in 36% of these patients [93].
Another study reported osteoporosis in 27.2% and osteopenia in 38.3% at the total
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lumbar site; at the total hip site, osteoporosis was present in 19.8% and osteopenia in
51.9% of the patients [94]. Frequency of bone loss at either the hip or lumbar spine
was related to the severity of lung disease. Based on the data from participants in the
Third National Health and Nutrition Examination Survey in the United States, Sin
et al. reported that airflow limitation was associated with increased odds of osteoporo-
sis compared with no obstruction: airflow obstruction, independent of age, BMI, and
medications including recent use of corticosteroids, increased the risk of osteoporosis
in a severity-dependent fashion [95]. These and other data suggest that osteoporosis
is found in a proportion of patients with COPD and confirms the view that long-term
epidemiological studies are required in order to identify the patients who have a high
risk to develop osteoporosis.

The etiology of osteoporosis in COPD is very complex and various factors may
contribute to its pathogenesis. Potential risk factors are extensively reviewed in recent
papers [90]. In the context of the current review, BMI and body composition, hypogo-
nadism and endocrinological abnormalities, as well as the potential role of the chronic
systemic inflammation, are important aspects to be discussed.

Some studies have reported that in underweight elderly patients, the bone mineral
content is reduced compared to that in age-matched subjects with normal BMI [96,
97]. Others have reported positive relationships between the BMI and bone mass in
patients with COPD [98, 99]. The possible relationship between weight loss and par-
ticularly loss of FFM and BMD in COPD is further explored in the study of Bolton
et al. [94]. These authors reported that loss of FFM and loss of BMD were related,
occurred commonly, and could be subclinical in patients with COPD. Furthermore,
they demonstrated increased excretion of cellular and bone collagen protein break-
down products in those patients with low FFM and low BMD, indicating a protein
catabolic state in these patients.

Hypogonadism and the reduced availability of sex hormones contribute to the devel-
opment of osteoporosis. In addition to sex hormones, the insulin-like growth factors
play a potential role in the development of osteoporosis. Insulin growth factor 1 (IGF-1)
may influence bone mass directly or through its role in the preservation of the skeletal
muscle mass. Further studies are needed to analyze the potential link between IGF-1
activity on the bone and skeletal muscles, and the pathogenesis of osteoporosis [90].

Systemic inflammation may have an association with loss of bone, with similar
relationships reported in other chronic diseases [90, 100, 101]. In vitro, both IL-6
and TNFalpha stimulate osteoclasts and increase bone resorption [102—-106]. Further
research is required to evaluate the possible relationships between systemic inflamma-
tion and bone loss in COPD.

Systemic inflammation is particularly linked to activation of the osteoclastogenesis
by the OPG/RANK/RANKL system. Differentiation, activation, and survival of osteo-
clasts are regulated by the balance between RANKL (RANK ligand) and osteoprote-
gerin (OPG). OPG is also known as osteoclast inhibitory factor and is a TNF receptor
family member, which functions as a decoy receptor. RANKL is also a TNF family
member. RANKL exhibits its activity thorough RANK (receptor activator of NF-«B),
another membrane-bound member of the TNF receptor family [107-109]. RANKL is
produced in bone marrow by osteoblasts, and both osteoblastic and fibroblastic stro-
mal cells. Known inducers of bone resorption and hypercalaemia, such as IL-1, TNFa,
parathyroid hormone (PTH), PTH-related peptide (PTHrp), Vitamin D, and others
act indirectly through production of RANKL, so OPG can be considered as a natural
RANKL antagonist of osteoclast activity independent of inducing cytokine [110]
(Fig. 13.3). In this way, OPG may provide a pharmacological tool for osteoporotic and
erosive bone disorders [111].
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Fig. 13.3. The balance of RANKL and osteoprotegerin (OPG) controls osteoclast activity. Most
(all?) known inducers of bone resorption and hypercalcaemia act indirectly through production
of RANKL, hence OPG can be used pharmacologically to control osteoclast activity independ-
ent of the inducing cytokine

Disturbances in Fluid Homeostasis

COPD commonly leads to massive oedema and the development of cor pulmonale. The
mechanisms by which patients with COPD retain salt and water are not completely
understood. Little information is available on changes in body fluid volumes in
patients with COPD, and the few available data are conflicting [112-116]. Although
there is certainly volume excess at advanced stages when gross oedema is present, the
extent to which expansion of the extracellular volume occurs at earlier stages is not
clear. Both hypoxemia and hypercapnia can affect renal sodium excretion in severe
COPD. Clinically stable hypercapnic patients commonly show impaired excretion of
sodium and water, and correlations have been found between the degree of hypercap-
nia and the impairment in sodium excretion. Renin and aldosterone concentrations
are inversely correlated with total sodium loss, both in patients with severe but stable
COPD and those with acute respiratory failure [117-120]. Hypoxemia causes a sig-
nificant fall in urinary sodium output, with no changes in water excretion, probably
related to a decline in glomerular filtration rate [121]. Correction of hypoxemia results
in increased natriuresis [122]. Patients with COPD probably have impaired ability
to excrete sodium and their kidneys are likely to be in a sodium-retaining state, par-
ticularly evident when hypoxemia and hypercapnia develop. Renal blood flow is also
severely depressed in patients with acute exacerbations and extensive oedema. Cardiac
output is generally normal even in patients with severe COPD; therefore, the renal
fraction — that part of the cardiac output flowing through the kidneys — must be reduced
[116]. Severe hypoxemia is associated with reduced renal flow [123—126]. In the pres-
ence of hypercapnia, renal perfusion also progressively falls, and this vasoconstrictor
mechanism withstands vasodilatory stimuli [124, 127, 128]. Several neurohumoral
systems have been investigated in patients with COPD. The findings show that both
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antinatriuretic and natriuretic systems are activated in COPD [76, 116, 119-121,
129-135]. De Leeuw and Dees [136] have formulated a vascular theory to explain
disturbed fluid homeostasis in COPD. They postulate that underfilling is the driving
force behind the continuous expansion of the extracellular volume; carbon dioxide
acts as a potent vasodilator and an increased carbon dioxide tension will substantially
lower peripheral vascular resistance and increase arterial capacity. Furthermore, owing
to the reduction in precapillary tone, the point of filtration equilibrium in the capillaries
will move distally, resulting in increased extravasation and loss of plasma volume.
Consequently, the effective circulating volume will be reduced and the reduction
will stimulate the sympathetic nervous system, renin, and arginine vasopressin. The
kidney will respond with vasoconstriction and sodium retention to restore intravascular
volume and tissue perfusion. Because the whole volume cannot be kept within the
vascular system, oedema develops. As long as hypercapnia is maintained or worsens,
there will be continuing vasodilation, retention of sodium and water, and expansion of
oedema. The use of diuretics will even aggravate this vicious circle by further stimulat-
ing sodium loss and compensatory renin activation.

Cardiovascular Morbidity and Mortality

Cardiovascular diseases form one of the most important co-morbidities related to
COPD. In a cohort of mild COPD patients, the Lung Health Study showed that lung
cancer and cardiovascular complications accounted for nearly two-thirds of all deaths
during follow-up. The main causes of death in mild or moderate COPD are lung
cancer and cardiovascular diseases, while in more advanced COPD respiratory fail-
ure becomes the most important cause of death [137]. Other studies confirmed these
findings. A 3-year follow-up study of 4,284 patients who received hospital treatment
for coronary heart disease reported mortality rates of 21% for patients diagnosed with
COPD versus 9% for those without COPD [138]. A cohort study including 11,943
COPD patients reported an approximately two to fourfold increased risk of death
at 3-year follow-up due to cardiovascular diseases compared with an age- and sex-
matched control group without COPD. Cardiovascular diseases accounted for 42% of
first hospitalizations and 44% of second hospitalizations of patients with mild COPD,
followed up in the Lung Health Study [137]. The rate of hospitalizations for lower
respiratory tract infection was only one-third of that for cardiovascular illnesses. For
every 10% decrease in FEV , cardiovascular mortality increased by 28%, and nonfatal
cardiovascular events increased by almost 20%, after adjustments for relevant con-
founders such as age, sex, smoking status, and treatment assignment [139].

Strong epidemiological evidence points to reduced FEV, as a marker of cardiovas-
cular mortality. A longitudinal population-based study reported that patients with poor
lung function had the highest risk of cardiovascular mortality. The risk of death from
ischemic heart disease was more than fivefold higher for the lowest vs. the highest lung
function quintiles [140]. An increased mortality with decreased lung function is con-
firmed by many other studies [141-144]. A systematic review and meta-analysis that
included >80.000 patients identified an almost twofold risk of cardiovascular mortality
in patients with the lowest vs. the highest lung function quintiles [140]. Another study
assessed the role of lung function on cardiovascular mortality and reported that FEV
is a predictor of all-cause mortality, after controlling for physical fitness and smok-
ing status [145]. Others found that poor lung function accounted for approximately
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one-quarter of the attributable mortality risk related to ischemic heart disease [146].
Therefore, it can be concluded that COPD is an important risk factor for atherosclerosis,
ischemic heart disease, stroke, and sudden cardiac death.

The underlying mechanisms contributing to this increased risk for atherosclerosis
in COPD are poorly understood. The pathogenesis of atherosclerosis is complex and
multifactorial. Persistent low-grade systemic inflammation is believed to be one of
the centerpiece events leading to plaque formation, and there are compelling epi-
demiological data linking systemic inflammation to atherosclerosis, ischemic heart
disease, strokes, and coronary deaths [147]. COPD is characterized by systemic
inflammation [148]. Interestingly, systemic inflammation is not solely associated
with severe COPD but may also be present in those with mild and moderate COPD.
Most of these data are obtained in cross-sectional study; the persistence of this
systemic inflammation is yet poorly documented. Most studies in COPD have been
conducted by evaluation of a limited number of molecules involved in the promotion
or amplification of atherosclerosis. The most studied of these molecules in COPD is
C-reactive protein (CRP).

Indeed, accumulating evidence suggests that circulating CRP represents one of the
strongest independent predictors of vascular death. CRP influences vascular vulner-
ability directly by a variety of mechanisms [149]. In one study, an important interplay
is suggested between systemic inflammation measured by CRP levels and airflow
limitation in the development of cardiovascular morbidity by application of a cardiac
infarction injury score based on a ECG scoring scheme [150]. Recently, increased
arterial stiffness related to the severity of airflow limitation was reported in COPD
patients. This arterial stiffening was related to the level of systemic inflammation
[151]. Besides CRP, fibrinogen has been evaluated in a limited number of studies,
demonstrating increased fibrinogen levels in COPD patients.

Besides CRP and fibrinogen, many other factors can induce and promote inflamma-
tion or atherogenesis [147]. Low-density lipoprotein (LDL) is one of the principal risk
factors for atherosclerosis. Indeed, LDL is a major cause of injury to the endothelium
and underlying smooth muscle. When LDL particles become trapped in an artery,
they can undergo progressive oxidation and be internalized by macrophages by means
of the scavenger receptors on the surfaces of these cells. The internalization leads to
the formation of lipid peroxides and facilitates the accumulation of cholesterol esters,
resulting in the formation of foam cells. Homocysteine is another factor contributing
to atherogenesis as it is toxic to the endothelium and is prothrombic and it increases
collagen production and decreases the availability of nitric oxide. Limited data in
COPD are yet available demonstrating elevated plasma homocysteine levels in COPD.
An immunoregulatory molecule, CD40 ligand, can be expressed by macrophages,
T cells, endothelium and smooth muscle and its receptor, CD40 is expressed on the
same cells. Both are upregulated in lesions of atherosclerosis providing evidence of the
role of immune activation in the process of atherosclerosis. Ligation of CD40 mediates
an array of proinflammatory effects, including the expression of cytokines, chemok-
ines, adhesion molecules, matrix metalloproteinases, and growth factors. These activi-
ties are crucial to the process of atherogenesis and promote plaque instability. No data
are yet available about upregulation of the CD40 system in COPD [149].

At present, adipose tissue is no longer considered as an inert tissue mainly devoted
to energy storage but is emerging as an active participant in regulating physiologic and
pathologic processes, including inflammation. Adipose tissue in the current view is
that of an active secretory organ, sending out and responding to signals that modulate a
variety of biological processes. Adipokines are proteins produced by adipocytes: leptin
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and adiponectin are primarily produced by these cells and can therefore be properly
classified as adipokines [152, 153].

Leptin, a 167-amino acid peptide hormone produced by white adipose tissue, is
primarily involved in the regulation of food intake and energy expenditure. Leptin
receptors are expressed in many tissues including the cardiovascular system. Plasma
leptin concentration is proportional to body adiposity and is markedly increased in
obese individuals. Recent studies suggest that hyperleptinaemia may play a role in
cardiovascular diseases including atherosclerosis [154]. Leptin exerts many poten-
tially atherogenic effects such as induction of endothelial dysfunction, stimulation
of inflammatory reaction, oxidative stress, decrease in paraoxonase activity, platelet
aggregation, migration, hypertrophy, and proliferation of vascular smooth muscle
cells. Leptin-deficient and leptin-receptor-deficient mice are protected from arterial
thrombosis and neointimal hyperplasia in response to arterial wall injury. Several
clinical studies have demonstrated that high leptin level predicts acute cardiovascular
events, restenosis after coronary angioplasty, and cerebral stroke independently of
traditional risk factors. In addition, plasma leptin correlates with markers of sub-
clinical atherosclerosis such as carotid artery intima thickness and coronary artery
calcifications.

Adiponectin, the protein that is almost exclusively secreted from adipocytes, is
a potent modulator of glucose and lipid metabolism and an indicator of metabolic
disorders. Low-plasma adiponectin levels are negatively associated with insulin resist-
ance; they are predictive of type 2 diabetes onset and are related to increased risk for
the development of cardiovascular disease. The underlying mechanisms include the
direct effects of adiponectin on fat oxidation and vasculature [155]. Fat tissue is also
involved in the systemic inflammatory process by production of other cytokines and
acute phase response proteins such as Interleukin-6 and plasminogen activator inhibi-
tor-1 (PAI-1). PAI-1 is an important factor in the maintenance of vascular hemostasis,
inhibiting the activation of plasminogen, the precursor of plasmin, which is involved
in the breakdown of fibrin. In order to understand the underlying mechanisms of car-
diovascular changes in COPD, it would be important to understand the interplay and
relative contribution of the multifactorial factors involved [152].

Conclusions

Nowadays COPD is defined as a preventable and treatable disease with significant
extrapulmonary effects, which may contribute to the disease severity in individual
patients. Some of these extrapulmonary effects are at present considered as co-morbid
conditions. There is growing attention on causal relationships between one disorder
and another or for an underlying vulnerability to different disorders. Better understand-
ing of the role and consequences of systemic inflammation in certain phenotypes of
COPD as well as understanding the chronicity of underlying inflammatory processes
will broaden our current approach to COPD as a single disease. A patient-oriented
approach of COPD needs to take into account that several co-existing components of
the chronic disease can contribute to the experienced symptomatology of the patient.
Respiratory specialists need to extend their expertise to broader diagnostic and treat-
ment approaches to optimally manage the patient suffering from COPD. This approach
certainly will result in a better treatable disease condition and more health for the
patient.
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Non-Pharmacological and Surgical
Management of COPD

Kevin M. Chan, Fernando J. Martinez, and Andrew C. Chang

Key Points:

* Surgical intervention including bullectomy, lung volume reduction surgery (LVRS)
and lung transplantation can be considered in a select group of chronic obstructive
pulmonary disease (COPD) patients.

* Bullectomy may result in improvement of some of the indices of respiratory func-
tion and dyspnoea with a gradual worsening over the years.

e Surgical LVRS results in improvement of various lung function parameters and
exercise capacity. In addition, LVRS offers survival benefit in patients with upper
lobe dominant disease and low exercise tolerance at base line. In contrast, patients
with diffuse very advanced disease have higher mortality with LVRS.

* Lung transplantation may be complicated by chronic allograft rejection and
infection. Careful preoperative selection and preparation is essential for a success-
ful outcome.

Keywords Lung volume reduction surgery e« transplant « bullectomy

History of Nonpharmacological Therapy for Emphysema

Detailed discussions of the surgical history of emphysema management have been pub-
lished [4]. These approaches reflected the state of knowledge of their era. Early investiga-
tors attempted to improve thoracic mobility, with procedures including costochondrectomy
and transverse sternotomy, with upredictable results [5]. Subsequently, techniques were
developed to decrease the size of the thoracic cage, to improve diaphragmatic architecture
and function, or support the membranous trachea using various prosthetic devices [5].
Practical considerations limited widespread use of these techniques [5].

Brantigan and colleagues attempted to reduce hyperinflation by surgically reduc-
ing lung volume [6, 7]. Although symptomatic improvement was reported, significant
operative mortality [6] limited widespread application. Over the subsequent 40 years,
various groups applied similar principles in small case series using various surgi-
cal techniques [8]. The current era of surgical lung volume reduction was ushered
by Cooper and colleagues who reported dramatic improvement following bilateral
LVRS performed via median sternotomy (MS) [9]. Subsequently, multiple investiga-
tors reported more limited improvement [10]. The results of the National Emphysema
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Treatment Trial (NETT) [11, 12] and other randomized trials [13—15] have
provided much more definitive recommendations regarding the role of LVRS
in patients with advanced emphysema.

Lung transplantation dates back to the early 1960s albeit with uniformly
poor initial results [16]. Patterson et al. reported successful double lung
transplantation (DLT) in COPD patients [17], while Mal et al. reported
successful single lung transplantation (SLT) in COPD patients [18]. SLT
became the predominant surgical therapy for advanced COPD [4] until
2006 when over 50% of annual lung transplants for COPD reported to the
International Society of Heart and Lung Transplantation (ISHLT) Registry
were double lung procedures [19]. COPD remains the main indication for
lung transplantation (36%)[19].

Techniques

As exhaustive descriptions of the surgical techniques are outside the scope of
this article, only important concepts will be briefly reviewed.

Bullectomy

Multiple techniques have been utilized to achieve resection of localized bullae,
including standard lateral thoracotomy, bilateral resection via MS and video
assisted thoracoscopy (VATS) with stapling or endoloop ligation.

LVRS Without Giant Bullae

The approaches to LVRS have included MS [20], standard thoracotomy and
VATS [21]. Laser ablation has fallen out of favor due to its higher complication
rates [22]. In general, comparative studies have suggested greater improvement
with bilateral procedures. NETT investigators prospectively confirmed similar
morbidity and mortality with bilateral VATS or MS although the overall length
of stay was longer for MS and more MS patients were living independently by
30 days after surgery [12].

Bronchoscopic Lung Volume Reduction

Despite the success of surgical LVRS, surgical morbidity and mortality is still
significant[11, 12]. Safer alternatives incorporating an endobronchial approach
to lung volume reduction are under investigation [23, 24]. The most studied
technique involves endoscopically placed one-way valves that prevent air from
entering isolated segments while allowing gases and secretions to escape [25, 26].
An alternative method involves the creation of broncho-parenchymal passages.
This has been postulated to increase expiratory flow in diffusely emphysematous
lungs [27]. Multicenter trials evaluating these techniques are ongoing.
Placement of one-way valves in selected airways is guided by flex-
ible bronchoscopy while the patient is under conscious sedation or general
anesthesia [23, 28a, 29]. Device deployment requires guidewire placement
with direct bronchoscopic visualization. Revised versions of these devices
can be deployed by using a catheter passed through the working channel of
the bronchoscope [23]. One to ten valves are inserted in unilateral [28a] or
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bilateral upper lobes [29]. The creation of communications between segmental bronchi
and emphysematous lung parenchyma has been investigated using a catheter to create
the “bypass” channels followed by the placement of a drug-eluting stent [27]. In a
recently completed randomized trial evaluating unilateral endobronchial valve therapy
with standard medical care, improvements were observed in lung function, exercise
tolerance and symptom relief. Subjects treated with endobronchial valve therapy also
had higher rates of COPD exacerbation, pneumonia and post-implantation hemoptysis
[28b]. While these results are promising, further clinical trials will be necessary to
identify suitable populations for this therapy.

Lung Transplantation

Controversy continues to revolve around the optimal transplant procedure in patients
with COPD [30], although recent data suggest improved long-term outcomes in COPD
patients treated with DLT versus SLT [31, 32]. For example, data from the Registry of
the ISHLT reveals significantly better survival after DLT for COPD even when strati-
fied by age [19, 32] (Fig. 14.4). Unfortunately, the lack of prospective data collection
and adjustment for influencing variables limits definitive conclusions.

What Are the Results of Nonpharmacological Therapies?

Bullectomy

Bullectomy appears to be of short-term benefit in highly selected patients [33]. None
of the 22 studies reviewed included a control group and most were retrospective in
nature. Improvements in hypoxemia and hypercapnea were most frequently reported,
while improvement in airflow was more heterogeneous. When measured, total lung
capacity, residual volume and trapped gas generally decreased. In highly selected
patients, cor pulmonale reversed if hypoxemia and hypercapnea were present. Most
authors described improvement in dyspnoea. Little long-term follow-up data have been
reported. In general, maintenance of improvement was generally noted although in
many of the patients a gradual worsening was seen over the years [34-38].

LVRS Without Giant Bullae

Since the early report of Cooper and colleagues in 1995 [9] numerous reports of out-
comes following LVRS have appeared in the literature [10, 39]. Although several of
these studies likely reported duplicate patient data, several methodological problems
were noted consistently in these studies. The results of several randomized, controlled
trials have clarified results of LVRS [13-15, 40—43]. The NETT was a large prospective,
randomized, multicenter study comparing optimum medical therapy with optimum ther-
apy plus LVRS [11]. Of 3,777 patients considered for entry, 1,218 were randomized to
treatment. Importantly, LVRS was associated with an improvement in long-term mortal-
ity compared to medically treated patients in an intention-to-treat analysis (Fig. 14.1).
In comparison to initial reports, the majority of case series have confirmed signifi-
cant mean improvements in spirometry although to a lesser extent than initially sug-
gested [39]. Reported changes in pulmonary function clearly indicated a short-term
improvement in spirometry favoring surgery over medical therapy. This was exemplified
by the results of two randomized trials (Fig. 14.2a, b). In general, bilateral LVRS
has resulted in greater short-term improvement. One multicenter prospective study
comparing unilateral VATS LVRS with bilateral VATS LVRS noted that pulmonary
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Fig. 14.2. (a) Absolute change in FEV1% predicted in patients treated with surgery (SG) compared to those
treated with continued training (7G). (b) Histograms of changes from base line in FEV, after 24 months of
follow-up. Base-line measurements were performed after pulmonary rehabilitation. Patients previously identified
as high-risk were excluded. Patients who were too ill to complete the procedure or who declined to complete the
procedure but did not explain why were included in the “missing” category. p values were determined by the
Wilcoxon rank-sum test. The degree to which the bars are shifted to the upper left of the chart indicates the degree
of relative benefit of lung-volume-reduction surgery over medical treatment. The percentage shown in each quad-
rant is the percentage of patients in the specified treatment group with a change in the outcome falling into that
quadrant. This was an intention-to-treat analysis (a: From [43]; b: From [11]. With permission)
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function improvement favored the bilateral approach [45]. The results of laser pro-
cedures appeared to be worse than stapling techniques [21, 46]. Modest differences
are noted when comparing bilateral LVRS performed by VATS or MS. Prospectively
collected data from the NETT confirmed similar functional benefits between bilateral
LVRS performed using MS or VATS [12].

Variability in improved FEV, has been well described. Figure 14.2b illustrates the
heterogeneous spirometric response for the NETT 24 months after randomization
to surgery or medical therapy. A significant proportion of patients experienced little
improvement in FEV , even in the short term. Although data are limited, lung volumes
have generally decreased during short-term follow-up while changes in DL, have
been modest [39]. Changes in resting arterial blood gases have ranged from significant
improvements in paO, and decreases in paCO, to little change [39, 47]. Data regarding
long-term functional follow-up are limited. Brenner et al. reported the rate of FEV,
change greater than 6 months after LVRS [48]. They noted a greater decrease in FEV
(0.255+0.057 l/year) in those patients experiencing the greatest improvement in the
initial 6 months after surgery. The lowest rate of drop in FEV | appeared in those with
the least initial improvement. One group presented a median of 4 years of follow-up
in 200 patients treated with bilateral LVRS [49]. Although data collection was not
complete, a majority of patients still exhibited spirometric improvement 3 and 5 years
after surgery.

Most available data have described consistent improvements in simple measures of
exercise capacity such as timed measures of walk distance [11, 39]. Several groups have
reported consistent, short-term increases in maximal work load,VO ) and VE.[39]. The
NETT investigators confirmed an increase in maximal achieved wattage during oxygen
supplemented cycle ergometry in surgical patients; less improvement was noted in
patients that continued aggressive medical management [11]. Dolmage and colleagues
[50] reported improved peak \702 and power with a greater minute ventilation and tidal
volume. Importantly, this study confirmed an improvement in operational lung volumes
among patients undergoing operation. Limited data are available regarding long-term
maintenance of improvements in exercise capacity. Compared to preoperative values, a
higher 6-min walk distance has been seen in surgically treated patients [51, 52]. NETT
investigators noted that surgical patients, in contrast to medically treated patients, were
more likely to maintain improved maximal wattage during oxygen supplemented
cardiopulmonary exercise testing during long-term follow-up [44].

Dyspnoea improvement has been reported by several groups using the Medical
Research Council dyspnoea scores or the transitional dyspnoea index (TDI) [39].
NETT investigators have presented detailed assessment of breathlessness using the
University of California Shortness of Breath Questionnaire (UCSD SOB) (Fig. 14.3);
a heterogenous response was noted, although a clear benefit is seen in the surgically
treated group compared to medically managed patients. Results of formal health sta-
tus measurement have been presented [53]. Short-term improvement in health status
using the Medical Outcomes Survey-Short Form 36 (SF-36), the Nottingham Health
Profile, and other disease specific instruments have been published [39]. The Canadian
controlled trial reported clear improvement in health status measured with the Chronic
Respiratory Questionnaire (CRQ) in patients treated surgically compared to a matched
group randomized to medical therapy [14], while NETT investigators noted significant
improvement in the St. George’s Respiratory Questionnaire (SGRQ) of surgically
treated patients compared to medically treated patients [11]. Long-term SGRQ follow-
up from this sentinel group has been reported, which supports a beneficial response
favoring surgically treated patients [44].



254 K.M. Chan et al.

Surgery Medical thera
(N=371) (N=378)
50% 21%
50% 79%

P<0.001

a Surgery Medical therapy b Surgery Medical therapy [+
(N=578) {(N=579) (N-521) (N=519)

<14 <14+ <47
-14to0 -10- -14 to -10 il
9t0-5-] e ~9t0 -5 e ~9to-54
-4 to 0+ -4 to 0 -4 to 0+
1esd  rem cesd CER a3
6to 104 6to 10 6to 10+
11t 154 662% 11t015- 1% 11to 15
154 2154 >154
Missing - Missing- Missing~
Dead Dead Dead
50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 4 5

S P S g R R e Eq
0 40 30 20 10 O 10 20 30 40

Fig. 14.3. Histograms of changes from base line in the UCSD SOBQ after 6, 12, and 24 months of follow-up.
Base-line measurements were performed after pulmonary rehabilitation. Patients previously identified as high-risk
were excluded. Patients who were too ill to complete the procedure or who declined to complete the procedure but
did not explain why were included in the “missing” category. p values were determined by the Wilcoxon rank-sum
test. The degree to which the bars are shifted to the upper left of the chart indicates the degree of relative benefit of
lung-volume-reduction surgery over medical treatment. The percentage shown in each quadrant is the percentage
of patients in the specified treatment group with a change in the outcome falling into that quadrant. This was an

intention-to-treat analysis (From [11]. With perm

ission)

100
P <0.0001
75 Feeesesnerasenae?

S
g 1 T T S
< N=38
3
w =

<50/Single lung (N=689) == <50/Double lung (N=631) N=171

= 50+/Single lung (N=4,627) =—50+/Double lung (N=1,813)
0 T L} Ll T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Years

Fig. 14.4. Kaplan-Meier survival after lung transplantation for recipients with COPD for transplantations per-
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Lung Transplantation

Long-term results of lung transplantation have been limited by significant complica-
tions which impair survival. Data from the Registry of the ISHLT suggests 82% 1-year,
50% 5-year, and 22% 10-year survival for emphysema patients [19] (Fig. 14.4). While
emphysema patients enjoy the greatest survival advantage in the first year after lung
transplantation compared to other diagnostic groups, they have the lowest survival rate

at 10 years [19].
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Consistent spirometric improvement after both SLT and DLT has been reported with
less improvement generally seen in SLT compared to DLT [54, 55]. Documentation
of long-term results of pulmonary function is scarce. In general, early reports noted
that some patients demonstrated stability in FEV, improvement while others experi-
enced a decline in pulmonary function after several months [54, 56]. The importance
of obliterative bronchiolitis (OB) on this loss of lung function has been recently
reviewed [57, 58]. In fact, bronchiolitis obliterans syndrome (BOS) has been defined
physiologically as a persistent 20% or greater drop in postoperative FEV,, in the
absence of other acute conditions (airway complications, infection, congestive
heart failure, reversible airway reactivity, and systemic disease) [59]. Furthermore,
BOS can be staged according to the drop in FEV, from the peak, posttransplant
value. A decrease in pulmonary function with BOS is particularly likely in SLT com-
pared to DLT recipients [60].

Numerous investigators have reported improved 6-min walk distance after both SLT
and DLT [55, 56]. Exercise after SLT or DLT appears to be limited by aerobic capacity
and not by ventilatory restriction. Most reports support peripheral muscle dysfunction
as the predominant cause of exercise limitation after lung transplantation [61-63].
The cause of this peripheral muscle dysfunction posttransplantation remains unclear,
although chronic disease, drug therapy, disuse, and poor nutrition have all been
invoked [64—-66]. Reports of long-term exercise data after lung transplantation are few.
Improvement in 6-min walk distance after transplantation for COPD has been reported
to be maintained up to 4 years after transplantation [67]. The same group has recently
published a 13-year experience with lung transplantation in COPD [68]. These authors
noted a mild decrease in 6-min walk distance 5 years after transplantation although
continued stability up to 7 years after surgery in DLT recipients has been described
[69]. A significant limitation to exercise remains for patients after lung transplantation,
although the effect of long-term aerobic training has not been described in this patient
population.

Limited data are available detailing changes in health status after lung transplantation.
In general, improvement in health status has been reported [70-72]. Pretransplant
anxiety and psychopathology predict posttransplant adjustment with greater anxiety
predicting worse posttransplant quality of life [73]. Importantly, recipients with BOS
experience decrements in health status, particularly in physical and social function-
ing and bodily pain [71, 74, 75]. Long-term data reporting improved health related
quality of life (HRQL) after transplantation have been reported [69, 76]. After a mean
follow up of 2 years, significant improvement in 7 of 8 subscales of the SF-36 were
noted but remained below that of the general population in one study [76]. Three
to 5-year posttransplant survivors reported more frequent affective, neurocognitive,
and physical appearance issues. Headaches and depression were also more common
when compared to patients earlier in their transplant course [76]. These symptoms
had a greater influence on women resulting in a lower percentage gain in quality of
life than men [77].

Which Patients Should and Which Should not Be Considered
for Nonpharmacological Therapy?

Increasingly health care providers need to decide which surgical approach is optimal
for an individual patient.
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Table 14.1 Potential indications and contraindications for classical bullectomy
(Adapted from www.thoracic.org/copd).

Parameter Indications Contraindications
Clinical Young age (<50 years) Age>50 years
Rapid progressive dyspnoea despite Comorbid illness
maximal medical therapy Cardiac disease
Ex smoker Pulmonary hypertension

>10% weight loss

Frequent respiratory infections —
chronic bronchitis

Ongoing tobacco use

Physiologic  Normal or slightly ¥ FVC FEV, <35% pred
FEV,>40% pred “Low” trapped gas volume
Little bronchoreversibility Decreased DL,

“High” trapped lung volume
Normal or near normal DL,

Normal PaO, and PaCO,
Imaging CXR — Bulla> 1/3 hemithorax CXR — Vanishing lungsyndrome
CT - large and localized bulla with Poorly defined bullae
vascular crowding and normal, CT — Multiple ill-defined bullae in
compressed pulmonary underlying lung

parenchyma around bulla
Angiography — Vascular crowding with ~ Angiography — Vague bullae;

preserved distal vascular branching disrupted vasculature elsewhere

Isotope scan — well-localized matching  Isofope scan — Absence of target
defect with normal uptake & washout zones, poor washout in remaining
for underlying lung lung

Bullectomy

Most investigators have attempted to identify optimal surgical candidates using pulmo-
nary function tests and radiographic studies to identify compressed normal lung that
is most likely to respond to bullectomy [78]. These are summarized in Table 14.1. In
general, ideal candidates experience persistent exertional limitation despite optimal
medical therapy including pulmonary rehabilitation. Some series have suggested worse
surgical result in older patients [34, 79]. Some have suggested higher morbidity and
worse long-term results in the presence of superimposed chronic bronchitis [34, 79].
As such, a history of chronic sputum production and recurrent respiratory infections
may provide a suggestion of such primary airway disease [1]. Similarly, most authors
have reported poorest long-term outcome in those individuals with greater degrees of
emphysema in the remaining lung.

Patients with a “restrictive” picture by spirometry with simultaneous elevation of
FRC and TLC [80] tend to experience more favorable results, while those with severe
obstruction, particularly when associated with smaller bullae, have been suggested to
experience worse long-term results [80, 81]. Significant bronchoreversibility has been
proposed as an additional, relative contraindication (Table 14.1) [78]. Elevation of the
trapped gas volume has been seen in patient groups demonstrating better responses
to classic bullectomy [34, 80]. The DL, has been suggested as a marker of greater
underlying emphysema with a better response in those patients with higher DL, and
lack of exertional desaturation [81, 82]. Multiple authors have reported inferior results
in patients with bullae occupying<1/3 of the hemithorax, particularly for the long-
term maintenance of long-term functional improvement [34, 79, 83, 84]. In the past
15 years, computed tomography (CT) has become the imaging study of choice in the
assessment of bullous structure and size [78].
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Lung Volume Reduction Without Giant Bullae

The clinical evaluation should be used to identify patients with predominant emphysema
[78]. The presence of frequent respiratory infections and chronic, copious sputum
production may be useful in identifying patients with primary airway disease [85].
Clinical assessment should attempt to identify patient features predicting a higher mor-
tality or likelihood of a poor functional result (Table 14.2). Coronary artery disease,
although frequently seen in this patient group [86], should not be considered an abso-
lute contraindication to surgery [87, 88]. Similarly, pulmonary hypertension has been
described as a relative contraindication for LVRS [89], although prohibitive pulmonary
hypertension is infrequent in this patient population. The effect of milder pulmonary
vascular abnormality has not been prospectively studied [90]. Less favorable outcomes
have been reported in the presence of a-1 antitrypsin deficiency [20, 91-94]. NETT
investigators reported inferior clinical outcomes in a small number of o-1 antitrypsin
deficient individuals undergoing bilateral LVRS [92]. An impaired nutritional status
as measured by a lower body mass index (BMI) or by decreased percentage of ideal
body weight or fat-free mass index has been associated with increased perioperative
complications [95, 96].

Pulmonary function testing has proven instrumental in identifying optimal candi-
dates for surgery (Table 14.2) [78]. A lower limit of FEV that identifies individuals at
prohibitive risk has not been agreed upon, although the NETT investigators suggested
that a lower FEV, was independently predictive of greater postoperative pulmonary

Table 14.2 Potential indications and contraindications for LVRS (Adapted from
www.thoracic.org/copd).

Parameter Indications Contraindications
Clinical Age<75 years Age>75-80 years
Clinical picture consistent with Comorbid illness that increases surgical
emphysema mortality
Dyspnoea despite maximal Clinically significant coronary artery
medical treatment pulmonary disease
rehabilitation Pulmonary Hypertension
Ex smoker (> 6 months) (PA systolic>45 mmHg, PA

mean>35 mmHg)
Requiring<20 mg prednisone/day Surgical constraints:

Previous thoracic procedure

Pleuradesis

Chest wall deformity

Physiologic ~ FEV after bronchodilator<45%  FEV, <20% predicted and
pred DLCO<20% pred
Hyperinflation 1 inspiratory resistance

TLC>100% pred
RV>150%
Pa0,>45 mmHg
PaCO,<60 mmHg
Postrehabilitation 6 min walk
distance>140 m
Low postrehabilitation maximal
achieved cycle ergometry watts

Imaging CXR — Hyperinflation Homogeneous emphysema and
FEV,<20% predicted
CT - High resolution CT confirm- Non-upper lobe predominant emphysema
ing severe emphysema, ideally and high post-rehabilitation cycle
with upper lobe predominance ergometry maximal achieved wattage
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P <0.001 0.001 012 086 050 053 - P 020 0.01<0.001 0.001 0.003 004 0.006

Fig. 14.5. Kaplan—Meier Estimates of the probability of death as a function of the number of months after ran-
domization in the National Emphysema Treatment Trial (NETT). p values were derived by Fisher’s exact test for
the comparison between groups over a median follow-up period of 4.3 years. High-risk patients were defined as
those with a forced expiratory volume in 1 s that was 20% or less of the predicted value and either homogeneous
emphysema or a carbon monoxide diffusing capacity that was 20% or less of the predicted value. A low base-
line exercise capacity was defined as a maximal workload at or below the sex-specific 40th percentile (25 W for
women and 40 W for men); a high exercise capacity was defined as a workload above this threshold. This was an
intention-to-treat analysis. (a) Mortality in high risk patients, (b) Mortality in patients with upper lobe predomi-
nant emphysema and low, post-rehabilitation exercise capacity(From [44]. With permission)

morbidity [97]. Patients with airflow obstruction from emphysema appear to be the
ones who benefit most from LVRS [98, 99]. The RV and RV/TLC ratio may be better
predictors of response [100], although the NETT did not identify lung volume as a
predictor of mortality or functional improvement after bilateral LVRS [11]. Similarly,
NETT investigators identified two subgroups of patients at particularly high risk of
surgical mortality after bilateral LVRS (Fig. 14.5) [11, 97]; patients with a -postbron-
chodilator FEV, <20% predicted and a DL, <20% exhibited a much higher mortality
with LVRS than with medical management. This same group has confirmed that a
lower DL, was independently associated with postoperative pulmonary morbidity
[97]. Arterial blood gas abnormalities have been suggested as predictive of a bad out-
come. The most definitive data come from the NETT where baseline paCO, was not
associated with impaired outcome despite over 30% of randomized patients exhibiting
baseline hypercapnea [11]. Preoperative exercise capacity has been documented to
be a predictor of outcome. The most compelling data comes from the NETT, where
one of the primary endpoints was maximal achieved work load achieved on a cycle
ergometer while breathing 30% supplemental oxygen [11]. A threshold of 40% of the
baseline workload demonstrated a clear breakpoint in mortality for the overall study
group; this corresponded to a work load of 25 watts for females and 40 watts for male
patients [11]. These thresholds, in conjunction with CT data, allowed a clear separation
of nonhigh risk patients into four distinct categories (Fig. 14.6 and Table 14.3).
Thoracic imaging is crucially important in the evaluation of patients for LVRS
[102], CT has proven particularly useful in identifying topographic heterogeneity
[103, 104]. Several groups have suggested that the severity and heterogeneity of
emphysema on CT is associated with outcome of LVRS [105-107]. The most compel-
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Fig. 14.6. Diagnostic algorithm for patients being considered for LVRS based on data from the National
Emphysema Treatment Trial (NVETT) [11] (From [101]. With permission)

ling data supporting the value of visual grading of emphysema distribution have been
provided by NETT investigators [11]. Radiologists at participating clinical centers
classified HRCT scans as predominantly exhibiting upper lobe or non-upper lobe
emphysema based on visual scoring of disproportionate disease between nonanatomic
thirds divided equally from apex to the base [108]. Using this method, in conjunction
with the maximal achieved workload during oxygen supplemented maximal cycle
ergometry, NETT investigators published several sentinel observations clarifying the
role of CT imaging in the evaluation of patients for LVRS. An increased risk of surgi-
cal mortality was observed in patients with severe airflow obstruction (FEV <20%
predicted) and either diffuse emphysema on HRCT or a DL.,<20% predicted (RR
3.9,95% CI 1.9, 9.0) [11]. Patients with upperlobe predominant emphysema and a
low postrehabilitation exercise tolerance exhibited a decreased risk of mortality dur-
ing long-term follow-up (RR 0.57, p=0.01) after LVRS (Fig. 14.5b) [44]. Patients
with non-upper lobe predominant emphysema and a high postrehabilitation exercise
capacity experienced an increased risk of death during long-term follow-up after
LVRS, which was not statistically significant (RR 1.10, p = 0.79). Patients with
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Table 14.3 Results of bilateral LVRS compared to medical therapy in patients with severe emphy-
sema. Values in parentheses indicates percentage. Groups A-E refer to the patients as defined in
Fig. 14.6 (Adapted from [11, 101]).

90-day mortality Total mortality
Medical Risk
Patients LVRS Medical therapy p-value LVRS therapy ratio® p value
Group A 20/70 (28.6) 0/70 (0) <0.001 42/70 30/70 1.82 0.06
Group B 4/139 (2.9) 5/151 (3.3) 1.00 26/139 51/151 0.47 0.005
Group C 6/206 (2.9) 2/213 (0.9) 0.17 34/206 39/213 0.98 0.70
Group D 7/84 (8.3) 0/65 (0) 0.02 28/84 26/65 0.81 0.49
Group E 11/109 (10.1) 1/111 (0.9) 0.003 27/109 14/111 2.06 0.02
Improvement in health-related quality
Improvement in exercise capacity” of life
Medical Odds Medical Odds
Patients LVRS therapy ratio p value LVRS therapy ratio p value
Group A 4/58 (7) 1/48 (2) 3.48 0.37 6/58 (10) 0/48 (0) - 0.03
Group B 25/84 (30) 0/92 (0) - <0.001  40/84 (48)  9/92 (10) 8.38 <0.001
Group C 17/115 (15) 4/138 (3)  5.81 0.001 47/115 (41) 15/138 (11) 5.67 <0.001
Group D 6/49 (12) 3/41 (7) 1.77 0.50 18/49 (37)  3/41 (7) 7.35 0.001
Group E 2/65 (3) 2/59 (3) 0.90 1.00 10/65 (15)  7/59 (12) 1.35 0.61

“Risk ratio for total mortality in surgically versus medically treated patients during a mean follow-up of 29.2 months

*Increase in the maximal workload of more than 10 W from the patient’s postrehabilitation base-line value (24 months after
randomization)

‘Improvement in the health-related quality of life was defined as a decrease in the score on the St. George’s Respiratory
Questionnaire of more than 8 points (on a 100-point scale) from the patient’s postrehabilitation base-line score (24 months after
randomization)

upper lobe predominant emphysema and a high postrehabilitation exercise capacity
or patients with non-upper lobe predominant emphysema and a low postrehabilitation
exercise capacity did not experience a survival advantage or disadvantage [11, 44].
However, regarding this latter group of patients, homogeneous emphysema alone was
found to confer increased odds of 90-day mortality, regardless of postrehabilitation
exercise capacity (OR 2.99, p = 0.009) [97]. Finally, patients with upper lobe predom-
inant emphysema treated surgically were more likely to improve their exercise capac-
ity compared to medically treated patients (Table 14.3). Figure 14.6 and Table 14.3
illustrate an approach to the evaluation of patients based on NETT data.

Lung Transplantation

Given the high morbidity and mortality associated with lung transplantation, careful
patient selection is crucial [109]. Furthermore, controversy exists regarding whether a
survival benefit is noted after lung transplantation for COPD [110-116]. A summary
of potential selection criteria is presented in Table 14.4.

Candidates for lung transplantation should have end-stage pulmonary disease that
is nonresponsive to maximal medical management, no other serious major organ
system dysfunction or active systemic disease, no active extrapulmonary infection,
have the ability to ambulate and participate in pulmonary rehabilitation, have strong
social support systems, no evidence of malignancy for at least 2-5 years, no substance
addiction (including tobacco use) for at least 6 months, and no untreatable psychiatric
condition that would compromise compliance or the ability to “cope” with high stress
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Table 14.4 General and disease specific selection guidelines for candidate selection
for lung transplantation in COPD patients (Adapted from [109]).

General selection guidelines COPD disease specific criteria

Relative contraindications Referral

Age older than 65 years BODE>5

Critical or unstable clinical condition Listing

Severely limited functional status BODE>7-10 or at least one of the
following:

Colonization with highly resistant or highly History of hospitalizations for exacerba-

virulent bacteria, fungi, or mycobacteria tions associated with acute hypercapnia

Severe obesity (BMI>31 kg/m?) Pulmonary hypertension despite oxygen
therapy

Severe or symptomatic osteoporosis FEV,<20% pred and either DL, <20%

Mechanical ventilation pred or homogenous distribution of

Other medical conditions that have not emphysema

resulted in end-stage organ damage
should be optimally treated

Absolute contraindications

Malignancy in the last 2 years, with the exception
of cutaneous (basal and squamous cell) tumors.

Untreatable advanced dysfunction of another
organ system

Non-curable chronic extrapulmonary infection
including chronic active hepatitis B, hepatitis C
and HIV

Significant chest wall/spinal deformity

Documented nonadherence or inability to
follow through with medical therapy or office
follow-up

Untreatable psychiatric or psychologic condition

Absence of consistent or reliable social support
system

Substance addiction that is either active or within
the previous 6 months

situations [109]. These criteria are usually designated as “absolute” contraindications.
Numerous other “relative” contraindications have been suggested and are generally
center-dependent (Table 14.4).

Older recipients have a significantly worse survival [19]. The most recent update
of the Pulmonary Scientific Council of the ISHLT suggests a potential upper limit
for recipient age of greater than 65 years [109]. A BMI of<17 kg/m2 or>30 kg//m2
has been associated with greater 90-day mortality [117-119]. Severe osteoporosis
should also be considered prior to transplant listing as accelerated bone loss as well as
atraumatic fractures are associated with lung transplantation [120-122]. Mechanical
ventilation, colonization with antibiotic-resistant bacteria, fungi or atypical mycobac-
teria; other medical conditions including previous coronary artery bypass grafting,
severe gastroesophogeal reflux disease or diabetes mellitus, are additional relative
contraindications for lung transplant listing [109]. Therefore, these criteria may be
considered contraindications for transplantation.

Physiologic testing has been the most frequently used modality to assess prognosis
in patients with COPD [123]. As such, numerous investigators have documented that
the FEV, after bronchodilator administration is an important predictor of mortality
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Fig. 14.7. (a) Kaplan-Meier survival curves for four quartiles of the body mass index, degree of airflow obstruc-
tion, dyspnoea, and exercise capacity index (BODE) for a cohort of 625 COPD patients. Quartile 1 is a score of
0-2, quartile 2 is a score of 3—4, quartile 3 is a score of 5-6, while quartile 4 is a score of 7-10. (b) Kaplan-Meier
estimates of the probability of death as a function of the number of years after randomized patients for medically
treated patients in the NETT segregated by modified BODE index. The p value was derived from the log rank test
for the comparison between subgroups over a median follow-up period of 3.9 years. The curve labels reflect the
ranges of BODE scores (a: From [132]; b: From [133]. With permission)

in COPD [123]. Other predictors of mortality include weight loss [124, 125], dysp-
noea [126], and exercise capacity [127]. An acute exacerbation of COPD requiring
hospitalization can be predictive of a poor outcome [128, 129]. Multivariate analysis
of factors predicting death of patients on the United Network for Organ Sharing
(UNOS) lung transplant waiting list confirmed these findings [130].

Recent data have suggested that multidimensional approaches to stratifying disease
severity is a better approach to prognostication in COPD [131]. An index incorporating
FEV, 6-min walk distance, measurement of dyspnoea and BMI, the BODE score, pre-
dicts survival better in COPD than spirometry alone [132]. Figure 14.7a illustrates how
an increasing quartile of BODE score is associated with a worse prognosis in a large
cohort of COPD patients. Similarly, in the NETT medically treated cohort, a group that
in many ways resembles COPD patients eligible for transplantation, increasing BODE
score is associated with impaired prognosis [133] (Fig. 14.7b). Although comparisons
must be made with great caution, one can contrast these estimates of survival with
the most recent data presented from the ISHLT (Fig. 14.4). It is evident that one can
suggest that only COPD patients with greater BODE scores are likely to experience
any survival benefit from transplantation (Table 14.4). Additional data are required to
better refine these concepts.

Imaging techniques have a less-defined role in the preoperative evaluation for
lung transplantation. The recent report of the NETT Research Group confirms that
increasing emphysema volume and distribution independently impact long-term
survival in a large cohort of medically treated patients with emphysema [133]. CT
appears to alter the surgical approach to lung transplantation in selected patients.
Kazerooni and colleagues noted that baseline CT prompted a change in determining
which lung was more severely diseased in 27 of 169 patients transplant candidates
[134]. Similarly, pulmonary nodules, suspicious for malignancy, have been identi-
fied in pretransplant CTs of lung transplant candidates [135]. Finally, the presence
of unsuspected bronchiectasis could alter the decision to perform DLT in contrast
to SLT.
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Fig. 14.8. Potential algorithm for the consideration of LVRS and lung transplantation in patients with advanced
COPD. NETT criteria include a clinical and radiological scenario consistent with bilateral emphysema,
BMI<31.1 for men and 32.3 for women, prednisone dose <20 mg daily, FEV1<45% predicted, TLC>100% pre-
dicted, RV>150% predicted, paCO,<60 mmHg (<55 mg at altitude), paO,>45 mmHg (= 30 at altitude), stable
cardiac status, post-pulmonary rehabilitation 6-min walk distance > 140 m and able to complete 3 min of unloaded
pedaling in maximal, oxygen supplemented exercise test [40]. (Modified from [136])

Lung Transplantation Versus LVRS

Given the overlap of selection criteria for lung transplantation and LVRS, it is evi-
dent that careful consideration for the optimal surgical procedure needs to take place
for individual COPD patients. The data from the NETT are particularly valuable in
allowing the proposal of a detailed algorithm (Fig. 14.8). Recommendation for LVRS
in patients with non-upper lobe predominant emphysema and low postrehabilitation
exercise capacity (Group D, Table 14.3) is tempered by the finding of increased risk
for 90-day mortality in this subgroup [97], and consideration of LVRS for this subset
of patients should be considered carefully. Additional data are required to confirm the
validity of this approach and to refine recommendations.

Conclusions

Extensive literature has been published regarding surgical therapies for advanced
COPD, with the most widely accepted directed at surgical relief of hyperinflation.
Bullectomy and LVRS are established surgical techniques for a very limited number
of patients. The patients with the poorest long-term outcomes appear to be those with
the most abnormal respiratory function or greater extent of emphysema on imaging
studies. Lung transplantation may serve as a viable therapeutic option for some of
these COPD patients.



264 K.M. Chan et al.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Martinez F (1998) Diagnosing chronic obstructive pulmonary disease. The importance of

differentiating asthma, emphysema and chronic bronchitis. Postgrad Med 103:112-125

. Pauwels R, Buist A, Calverley P, Jenkins C, Hurd S, Committee GS (2001) Global strategy

for the diagnosis, management, and prevention of chronic obstructive pulmonary disease.
NHLBI/WHO global initiative for chronic obstructive lung disease (GOLD) workshop
summary. Am J Respir Crit Care 163:1256-1276

. Celli B, MacNee W, Committee members, ATS/ERS task force (2004) Standards for the

diagnosis and treatment of patients with COPD: A summary of the ATS/ERS position
paper. Eur Respir J 23(6):932-946

. Meyers B, Patterson G (2003) Chronic obstructive pulmonary disease. 10: bullectomy,

lung volume reduction surgery, and transplantation for patients with chronic obstructive
pulmonary disease. Thorax 58:634—-638

. Deslauriers J (1996) History of surgery for emphysema. Semin Thorac Cardiovasc Surg

8:43-51

. Brantigan O, Kress M, Mueller E (1959) A surgical approach to pulmonary emphysema.

Am Rev Respir Dis 39:194-202

. Brantigan O, Mueller E (1957) Surgical treatment of pulmonary emphysema. Am Surg

23:789-804

. Wakabayashi A (1995) Thoracoscopic laser pneumoplasty in the treatment of diffuse

bullous emphysema. Ann Thorac Surg 60:936-942

. Cooper JD, Trulock EP, Triantafillou AN, Patterson GA, Pohl MS, Deloney PA,

Sundaresan RS, Roper CL (1995) Bilateral pneumectomy (volume reduction) for chronic
obstructive pulmonary disease. J Thorac Cardiovasc Surg 109:106-116

Benditt J (2004) Surgical therapies for chronic obstructive pulmonary disease. Respir Care
49:53-61

National Emphysema Treatment Trial Research Group (2003) A randomized trial compar-
ing lung-volume-reduction surgery with medical therapy for severe emphysema. N Engl J
Med 348:2059-2073

National Emphysema Treatment Trial Research Group (2004) Safety and efficacy of
median sternotomy versus video-assisted thoracic surgery for lung volume reduction sur-
gery. J Thorac Cardiovas Surg 127:1350-1360

Pompeo E, Marino M, Nofroni I, Matteucci G, Mineo TC (2000) Reduction pneumoplasty
versus respiratory rehabilitation in severe emphysema: a randomized study. Pulmonary
Emphysema Research Group. Ann Thorac Surg 70:948-953, discussion 954

Goldstein R, Todd T, Guyatt G, Keshavjee S, Domage T, van Rooy S, Krip B, Maltais F,
Leblanc P, Pakhale S et al (2003) Influence of lung volume reduction surgery (LVRS) on
health related quality of life in patients with chronic obstructive pulmonary disease. Thorax
58:405-410

Geddes D, Davies M, Koyama H, Hansell D, Pastorino U, Pepper J, Agent P, Cullinan P,
MacNeill S, Goldstraw P (2000) Effect of lung-volume-reduction surgery in patients with
severe emphysema. N Engl J] Med 343:239-245

Dunitz J, Hertz M (1999) Surgical therapy for COPD: lung transplantation. Semin Respir
Crit Care Med 20:365-373

Patterson G, Cooper J, Goldman B et al (1988) Technique of successful clinical double
lung transplantation. Ann Thorac Surg 45:626-633

Mal H, Andreassian B, Pamela F, Duchatelle J, Rondeau E, Dubois F, Baldeyrou P,
Kitzis M, Sleiman C, Pariente R (1989) Unilateral lung transplantation in end-stage pul-
monary emphysema. Am Rev Respir Dis 140:787-802

Christie JD, Edwards LB, Aurora P, Dobbels F, Kirk R, Rahmel AO, Taylor DO,
Kucheryavaya AY, Hertz MI (2008) Registry of the International Society for Heart and
Lung Transplantation: Twenty-fifth official adult lung and heart/lung transplantation
report—2008. J Heart Lung Transplant 27:957-969



14 Non-Pharmacological Therapy of COPD 265

20. Cooper JD, Patterson GA, Sundaresan RS, Trulock EP, Yusen RD, Pohl MS, Lefrak SS
(1996) Results of 150 consecutive bilateral lung volume reduction procedures in patients
with severe emphysema. J Thorac Cardiovasc Surg 112:1319-1329

21. Brenner M, Yusen R, McKenna R Jr, Sciurba F, Gelb A, Fischel R, Swain J, Chen J,
Kafie F, Lefrak S (1996) Lung volume reduction surgery for emphysema. Chest 110:205-218

22. McKenna R, Brenner M, Gelb A, Mullin M, Singh N, Peters H, Panzera J, Calmese J,
Schein M (1996) A randomized, prospective trial of stapled lung reduction versus laser
bullectomy for diffuse emphysema. J Thorac Cardiovasc Surg 111:317-322

23. Hopkinson NS (2007) Bronchoscopic lung volume reduction: indications, effects and
prospects. Curr Opin Pulm Med 13:125-130

24. Venuta F, Rendina EA, De Giacomo T, Anile M, Diso D, Andreetti C, Pugliese F, Coloni
GF (2006) Bronchoscopic procedures for emphysema treatment. Eur J Cardiothorac Surg
29:281-287

25. Snell GI, Holsworth L, Borrill ZL, Thomson KR, Kalff V, Smith JA, Williams TJ (2003)
The potential for bronchoscopic lung volume reduction using bronchial prostheses: a pilot
study. Chest 124:1073-1080

26. Toma TP, Hopkinson NS, Hillier J, Hansell DM, Morgan C, Goldstraw PG, Polkey MI,
Geddes DM (2003) Bronchoscopic volume reduction with valve implants in patients with
severe emphysema. Lancet 361:931-933

27. Lausberg HF, Chino K, Patterson GA, Meyers BF, Toeniskoetter PD, Cooper JD (2003)
Bronchial fenestration improves expiratory flow in emphysematous human lungs. Ann
Thorac Surg 75:393-397, discussion 398

28a. Wan 1Y, Toma TP, Geddes DM, Snell G, Williams T, Venuta F, Yim AP (2006)
Bronchoscopic lung volume reduction for end-stage emphysema: report on the first 98
patients. Chest 129:518-526

28b. Sciurba FC, Ernst A, Hert FJF, Strange C, Criner GJ, Marquette CH, Kovitz KL,
Chiacchierini RP, Goldin J, McLennan G (2010) A randomized study of endobronchial
valves for advanced emphysema. N Engl J] Med 363:1233-1244

29. Wood DE, McKenna RJ Jr, Yusen RD, Sterman DH, Ost DE, Springmeyer SC, Gonzalez
HX, Mulligan MS, Gildea T, Houck WV et al (2007) A multicenter trial of an intrabron-
chial valve for treatment of severe emphysema. J Thorac Cardiovasc Surg 133:65-73

30. Weill D, Keshavjee S (2001) Lung transplantation for emphysema: two lungs or one. J Heart
Lung Transplant 20:739-742

31. Hadjiliadis D, Angel LF (2006) Controversies in lung transplantation: are two lungs better
than one? Semin Respir Crit Care Med 27:561-566

32. Thabut G, Christie JD, Ravaud P, Castier Y, Brugiere O, Fournier M, Mal H, Leseche G,
Porcher R (2008) Survival after bilateral versus single lung transplantation for patients with
chronic obstructive pulmonary disease: a retrospective analysis of registry data. Lancet
371:744-751

33. Snider GL (1996) Reduction pneumoplasty for giant bullous emphysema. Implications for
surgical treatment of nonbullous emphysema. Chest 109:540-548

34. Fitzgerald M, Keelan P, Angell D (1974) Long-term results of surgery for bullous emphy-
sema. Surgery 68:566-582

35. Pearson M, Ogilvie C (1983) Surgical treatment of emphysematous bullae: late outcome.
Thorax 38:134-137

36. Schipper P, Meyers B, Battafarano R, Guthrie T, Patterson G, Cooper J (2004) Outcomes
after resection of giant emphysematous bullae. Ann Thorac Surg 78:976-982

37. Palla A, Desideri M, Rossi G, Bardi G, Mazzantini D, Mussi A, Giuntini C (2005) Elective
surgery for giant bullous emphysema. A 5-year clinical and functional follow-up. Chest
128:2043-2050

38. Neviere R, Catto M, Bautin N, Robin S, Porte H, Desbordes J, Matran R (2006)
Longitudinal changes in hyperinflation parameters and exercise capacity after giant bullous
emphysema surery. J Thorac Cardiovasc Surg 132:1203-1207

39. Flaherty KR, Martinez FJ (2000) Lung volume reduction surgery for emphysema. Clin
Chest Med 21:819-848



266

K.M. Chan et al.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

National Emphysema Treatment Trial Research Group (1999) Rationale and design of the
National Emphysema Treatment Trial: a prospective randomized trial of lung volume reduc-
tion surgery. Chest 116:1750-1761

Lilm E, Ali A, Cartwright N, Sousa I, Chetwynd A, Polkey M, Geddes D, Pepper J, Diggle P,
Goldstraw P (2006) Effect and duration of lung volume reduction surgery: mid-term results
of the Brompton Trial. Thorac Cardiovasc Surg 54:188-192

Miller J, Malthaner R, Goldsmith C, Goeree R, Higgins D, Cox P, Tan L, Road J, the
Canadian Lung Volume Reduction Surgery Study (2006) A randomized clinical trial of
lung volume reduction surgery versus best medical care for patients with advanced emphy-
sema: a two-year study from Canada. Ann Thorac Surg 81:314-321

Hillerdal G, Lofdahl C, Strom K, Skoogh B, Jorfeldt L, Nilsson F, Forslund-Stiby D,
Ranstam J, Gyllstedt E, the Swedish VOLREM Group (2005) Comparison of lung volume
reduction surgery and physical training on health status and physiologic outcomes. A rand-
omized controlled clinical trial. Chest 128:3489-3499

Naunheim K, Wood D, Mohsenifar Z, Sternberg A, Criner G, DeCamp M Jr, Deschamps C,
Martinez F, Sciurba F, Tonascia J et al (2006) Long-term follow-up of patients receiv-
ing lung-volume reduction surgery versus medical therapy for severe emphysema
by the National Emphysema Treatment Trial Research Group. Ann Thorac Surg 82:
431-443

Lowdermilk G, Keenan R, Landreneau R, Hazelrigg S, Bavaria J, Kaiser L, Keller C,
Naunheim K (2000) Comparison of clinical results for unilateral and bilateral thoraco-
scopic lung volume reduction. Ann Thorac Surg 69:1670-1674

Keenan R, Landrenau R, Sciurba F, Ferson P, Holbert J, Brown M, Fetterman L, Bowers
C (1996) Unilateral thoracoscopic surgical approach for diffuse emphysema. J Thorac
Cardiovasc Surg 111:308-316

Albert R, Benditt J, Hildebrandt J, Wood D, Hlastala M (1998) Lung volume reduction
surgery has variable effects on blood gases in patients with emphysema. Am J Respir Crit
Care Med 158:71-76

Brenner M, McKenna R Jr, Gelb A, Fischel R, Wilson A (1998) Rate of FEV1 change
following lung volume reduction surgery. Chest 113:652-659

Yusen R, Lefrak S, Gierada D, Davis G, Meyers B, Patterson G, Cooper J (2003) A pro-
spective evaluation of lung volume reduction surgery in 200 consecutive patients. Chest
123:1026-1037

Dolmage T, Waddell T, Maltais F, Guyatt G, Todd T, Keshavjee S, van Rooy S, Krip B,
LeBlanc P, Goldstein R (2004) The influence of lung volume reduction surgery on exercise
in patients with COPD. Eur Respir J 23:269-274

Cordova F, O’Brien G, Furukawa S, Kuzma A, Travaline J, Criner G (1997) Stability of
improvement in exercise performance and quality of life following bilateral lung volume
reduction surgery in severe COPD. Chest 112:907-915

Flaherty KR, Kazerooni EA, Curtis JL, lannettoni M, Lange L, Schork MA, Martinez FJ
(2001) Short-term and long-term outcomes after bilateral lung volume reduction surgery:
prediction by quantitative CT. Chest 119:1337-1346

Yusen R, Morrow L, Brown K (2002) Health-related quality of life after lung volume
reduction surgery. Semin Thorac Cardiovasc Surg 14:403—412

Levine S, Anzueto A, Peters J, Cronin T, Saki E, Jenkinson S, Bryan C (1994) Medium
term functional results of single-lung transplantation for endstage obstructive lung disease.
Am J Respir Crit Care Med 150:398—402

Gaissert H, Trulock E, Cooper J, Sundaresan R, Patterson G (1996) Comparison of early
functional results after volume reduction or lung transplantation for chronic obstructive
pulmonary disease. J Thorac Cardiovasc Surg 111:296-307

Mal H, Sleiman C, Jebrak G, Messian O, Dubois F, Darne C, Duchatelle J, Mollo J,
Fournier M, Kitzis M et al (1994) Functional results of single-lung transplantation for
chronic obstructive lung disease. Am J Respir Crit Care Med 149:1476-1481

Boehler A, Estenne M (2003) Post-transplant bronchiolitis obliterans. Eur Respir J
22:1007-1018



58.
59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

14 Non-Pharmacological Therapy of COPD 267

Chan A, Allen R (2004) Bronchiolitis obliterans: an update. Curr Opin Pulm Med 10:133-141
Estenne M, Maurer J, Boehler A et al (2002) Bronchiolitis obliterans syndrome 2001: an
update of the diagnostic criteria. J] Heart Lung Transplant 21:297-310

Lama VN, Murray S, Lonigro RJ, Toews GB, Chang A, Lau C, Flint A, Chan KM,
Martinez FJ (2007) Course of FEV1 after onset of bronchiolitis obliterans syndrome in
lung transplant recipients. Am J Respir Crit Care Med 175(11):1192-1198

Kerber A, Szidon P, Kesten S (2000) Skeletal muscle dysfunction in lung transplantation.
J Heart Lung Transplant 19:392-400

Reinsma GD, ten Hacken NHT, Grevink RG, van der Bij W, Koeter GH, van Weert E
(2006) Limiting factors of exercise performance 1 year after lung transplantation. J Heart
Lung Transplant 25:1310-1316

Williams T, Slater W (2002) Role of cardiopulmonary exercise testing in lung and heart-lung
transplantation. In: Weisman I, Zeballos R (eds) Clinical exercise testing prog respir res.
Karger, Basel, pp 254-263

Hokanson J, Mercier J, Brooks G (1995) Cyclosporine A decreases rat skeletal muscle
mitochondiral respiration in vitro. Am J Respir Crit Care Med 151:1848-1851

Mercier J, Hokanson J, Brooks G (1995) Effects of cyclosporine A on skeletal muscle mito-
chondrial respiraton and endurance time in rats. Am J Respir Crit Care Med 151:1532-1536
Biring M, Fournier M, Ross D, Lewis M (1998) Cellular adaptations of skeletal muscles to
cyclosporin. J Appl Physiol 84:1967-1975

Sundaresan R, Shiraishi Y, Trulock E, Manley J, Lynch J, Cooper J, Patterson G (1996)
Single or bilateral lung transplantation for emphysema? J Thorac Cardiovasc Surg
112:1485-1495

Cassivi S, Meyers B, Battafarano R, Guthrie T, Trulock EP, Lynch DA, Cooper J, Patterson G
(2002) Thirteen-year experience in lung transplantation for emphysema. Ann Thorac Surg
74:1663-1669

Gerbase MW, Spiliopoulos A, Rochat T, Archinard M, Nicod LP (2005) Health-related
quality of life following single or bilateral lung transplantation: a 7-year comparison to
functional outcome. Chest 128:1371-1378

Gross C, Savik K, Bolman R III, Hertz M (1995) Long-term health status and quality of
life outcomes of lung transplant recipients. Chest 108:1587-1593

TenVergert E, Essink-Bot M, Geertsma A, van Enckevort P, de Boer W, van der Bij W
(1998) The effect of lung transplantation on health-related quality of life. A longitudinal
study. Chest 113:358-364

Vermuelen KM, van der Bij W, Erasmus ME, TenVergert EM (2007) Long-term health-
related quality of life after lung transplantation: different predictors for different dimen-
sions. J Heart Lung Transplant 26:188-193

Cohen L, Littlefield C, Kelly P, Maurer J, Abbey S (1998) Predictors of quality of life and
adjustment after lung transplantation. Chest 113:633-644

van Den Berg J, Geertsma A, van der Bij W et al (2000) Bronchiolitis obliterans syndrome
after lung transplantation and health-related quality of life. Am J Respir Crit Care Med
161:1937-1941

Anyanwu A, McGuire A, Rogers C, Murday A (2001) Assessment of quality of life in lung
transplantaion using a simple generic tool. Thorax 56:218-222

Rodrigue JR, Baz MA, Kanasky JWF, MacNaughton KL (2005) Does lung transplantation
improve health-related quality of life? The University of Florida experience. J Heart Lung
Transplant 24:755-763

Rodrigue JR, Baz MA (2006) Are there sex differences in health-related quality of life after
lung transplantation for chronic obstructive pulmonary disease? J Heart Lung Transplant
25:120-125

Martinez F, Chang A (2005) Surgical therapy for chronic obstructive pulmonary disease.
Semin Respir Crit Care Med 26:167-191

Laros CD, Gelissen HJ, Bergstein PG, Van den Bosch JM, Vanderschueren RG,
Westermann CJ, Knaepen PJ (1986) Bullectomy for giant bullae in emphysema. J Thorac
Cardiovasc Surg 91:63-70



268

K.M. Chan et al.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Gaensler E, Jederlinic P, FitzGerald M (1986) Patient work-up for bullectomy. J Thorac
Imaging 1:75-93

Nakahara K, Nakoaka K, Ohno K, Monden Y, Maeda M, Masaoka A, Sawamura K,
Kawashima Y (1983) Functional indications for bullectomy of giant bulla. Ann Thorac
Surg 35:480-487

Hugh-Jones P, Whimster W (1978) The etiology and management of disabling emphy-
sema. Am Rev Respir Dis 117:343-378

Nickoladze G (1992) Functional results of surgery for bullous emphysema. Chest
101:119-122

Kinnear W, Tatterfield A (1990) Emphysematous bullae: surgery is best for large bullae
and moderately impaired lung function. BMJ 300:208-209

Flaherty K, Kazerooni E, Martinez F (2000) Differential diagnosis of chronic airflow
obstruction. J Asthma 37:201-223

Thurnheer R, Muntwyler J, Stammberger U, Bloch K, Zollinger A, Weder W, Russi E
(1997) Coronary artery disease in patients undergoing lung volume reduction surgery for
emphysema. Chest 112:122-128

Whyte R, Bria W, Martinez F, Lewis P, Bolling S (1998) Combined lung volume reduction
surgery and mitral valve reconstruction. Ann Thorac Surg 66:1414-1416

Schmid R, Stammberger U, Hillinger S, Vogt P, Amman F, Russi E, Weder W (1999) Lung
volume reduction surgery combined with cardiac interventions. Eur J Cardiothorac Surg
15:585-591

Lefrak S, Yusen R, Trulock E, Pohl M, Patterson A, Cooper J (1997) Recent advances in
surgery for emphysema. Annu Rev Med 48:387-398

Utz J, Hubmayr R, Deschamps C (1998) Lung volume reduction surgery for emphysema:
out on a limb without a nett. Mayo Clin Proc 73:552-556

Teschler H, Thompson A, Stamatis G (1999) Short- and long-term functional results after
lung volume reduction surgery for severe emphysema. Eur Respir J 13:919-925

Stoller J, Gildea T, Ries A, Meli Y, Karafa M, the National Emphysema Treatment Trial
Research Group (2007) Lung volume reduction surgery in patients with emphysema and
a-1 antitrypsin deficiency. Ann Thorac Surg 83:241-251

Cassina P, Teschler H, Konietzko N, Theegarten D, Stamatis G (1998) Two-year results
after lung volume reduction surgery in o-1 antitrypsin deficiency versus smoker’s emphy-
sema. Eur Respir J 12:1028-1032

Gelb A, McKenna R, Brenner M, Fischel R, Zamel N (1999) Lung function after bilateral
lower lobe lung volume reduction surgery for ol-antitrypsin emphysema. Eur Respir
J 14:928-933

Mazolewski P, Turner J, Baker M, Kurtz T, Little A (1999) The impact of nutritional
status on the outcome of lung volume reduction surgery. A prospective study. Chest 116:
693-696

Nezu K, Yoshikawa M, Yoneda T, Kushibe K, Kawaguchi T, Kimura M, Kobayashi A,
Takenaka H, Fukuota A, Narita N et al (2001) The effect of nutritional status on morbidity in
COPD patients undergoing bilateral lung reduction surgery. Thorac Cardiovasc Surg 49:
216-220

Naunheim K, Wood D, Krasna M, DeCamp M Jr, Ginsburg M, McKenna R, Criner G,
Hoffman E, Sternberg A, Deschamps C et al (2006) Predictors of operative mortality
and cardiopulmonary morbidity in the National Emphysema Treatment Trial. J Thorac
Cardiovasc Surg 131:43-53

Ingenito EP, Loring SH, Moy ML, Mentzer SJ, Swanson SJ, Reilly JJ (2001) Interpreting
improvement in expiratory flows after lung volume reduction surgery in terms of flow
limitation theory. Am J Respir Crit Care Med 163:1074-1080

Kim V, Criner G, Abdallah H, Gaughan J, Furukawa S, Solomides C (2005) Small airway
morphometry and improvement in pulmonary function after lung volume reduction sur-
gery. Am J Respir Crit Care Med 171:40-47

Fessler H, Permutt S (1998) Lung volume reduction surgery and airflow limitation. Am J
Respir Crit Care Med 157:715-722



14 Non-Pharmacological Therapy of COPD 269

101. Martinez F, Flaherty K, Iannettoni M (2003) Patient selection for lung volume reduction
surgery. Chest Surg Clin N Am 13:669-685

102. Gierada D (2002) Radiologic assessment of emphysema for lung volume reduction sur-
gery. Semin Thorac Cardiovasc Surg 14:381-390

103. Kazerooni E (1999) Radiologic evaluation of emphysema for lung volume reduction sur-
gery. Clin Chest Med 20:845-861

104. Goldin J (2002) Quantitative CT of the lung. Radiol Clin North Am 40:45-58

105. Rogers RM, Coxson HO, Sciurba FC, Keenan RJ, Whittall KP, Hogg JC (2000)
Preoperative severity of emphysema predictive of improvement after lung volume reduc-
tion surgery: use of CT morphometry. Chest 118:1240-1247

106. Slone RM, Pilgram TK, Gierada DS, Sagel SS, Glazer HS, Yusen RD, Cooper JD (1997)
Lung volume reduction surgery: comparison of preoperative radiologic features and clini-
cal outcome [see comments]. Radiology 204:685-693

107. Bloch K, Georgescu C, Russi E, Weder W (2002) Gain and subsequent loss of lung function
after lung volume reduction surgery in cases of severe emphysema with different morpho-
logic patterns. J Thorac Cardiovasc Surg 123:845-854

108. Sciurba F (2002) Preoperative predictors of outcome following lung volume reduction
surgery. Thorax 57(Suppl 11):ii47—ii52

109. Orens JB, Estenne M, Arcasoy S, Conte JV, Corris P, Egan JJ, Egan T, Keshavjee S, Knoop C,
Kotloff R et al (2006) International guidelines for the selection of lung transplant candidates:
2006 update — a consensus report from the Pulmonary Scientific Council of the International
Society for Heart and Lung Transplantation. J Heart Lung Transplant 25:745-755

110. Studer S, Levy R, McNeil K, Orens J (2004) Lung transplant outcomes; a review of sur-
vival, graft function, physiology, health-related quality of life and cost-effectiveness. Eur
Respir J 24:674-685

111. DeMeester J, Smits J, Persijn G, Haverich A (1999) Lung transplant waiting list: differ-
ential outcome of type of end-stage lung disease, one year after registration. J Heart Lung
Transplant 18:563-571

112. Demeester J, Smits J, Persijn G, Haverich A (2001) Listing for lung transplantation:
life expectancy and transplant effect, stratified by type of end-stage lung disease, the
Eurotransplant experience. J Heart Lung Transplant 20:518-524

113. Hosenpud JD, Bennett LE, Keck BM, Edwards EB, Novick RJ (1998) Effect of diagnosis
on survival benefit of lung transplantation for end-stage lung disease. Lancet 351:24-27

114. Charman SC, Sharples LD, McNeil KD, Wallwork J (2002) Assessment of survival benefit
after lung transplantation by patient diagnosis. J Heart Lung Transplant 21:226-232

115. Stavem K, Bjortuft O, Borgan O, Geiran O, Boe J (2006) Lung transplantation in patients
with chronic obstructive pulmonary diseaes in a national cohort is without obvious survival
benefit. ] Heart Lung Transplant 25:75-84

116. Gunes A, Aboyoun CL, Morton JM, Plit M, Malouf MA, Glanville AR (2006) Lung transplan-
tation for chronic obstructive pulmonary disease at st Vincent’s Hospital. Intern Med J 36:5-11

117. Madill J, Gutierrez C, Grossman J, Allard J, Chan C, Hutcheon M, Keshavjee S, Program
TLT (2001) Nutritional assessment of the lung transplant patient: body mass index
as a predictor of 90-day mortality following transplantation. J Heart Lung Transplant
20:288-296

118. Culver D, Mazzone P, Khandwala F, Blazey H, DeCamp M, Chapman J (2005) Discordant
utility of ideal body weight and body mass index as predictors of mortality in lung trans-
plant recipients. J Heart Lung Transplant 24:137-144

119. Kanasky W, Anton S, Rodrigue J, Perri M, Szwed T, Baz M (2002) Impact of body weight
on long-term survival after lung transplantation. Chest 121:401-406

120. Shane E, Papadopoulos A, Staron R, Addesso V, Donovan D, McGregor C, Schulman L
(1999) Bone loss and fracture after lung transplantation. Transplantation 68:220-227

121. Spira A, Gutierrez C, Chaparro C, Hutcheon M, Chan C (2000) Osteoporosis and lung
transplantation: a prospective study. Chest 117:476-481

122. Aris RM, Neuringer IP, Weiner MA, Egan TM, Ontjes D (1996) Severe osteoporosis before
and after lung transplantation. Chest 109:1176-1183



270 K.M. Chan et al.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Martinez F, Kotloff R (2001) Prognostication in chronic obstructive pulmonary disease:
implications for lung transplantation. Semin Respir Crit Care Med 22:489-498

Landbo C, Prescott E, Lange P, Vestbo J, Almdal T (1999) Prognostic value of nutritional status
in chronic obstructive pulmonary disease. Am J Respir Crit Care Med 160:1856-1861
Gray-Donald K, Gibbons L, Shapiro S, MacKlem P, Martin J (1996) Nutritional status and
mortality in chronic obstructive pulmonary disease. Am J Respir Crit Care Med 153:961-966
Nishimura K, Izumi T, Tsukino M, Oga T (2002) Dyspnea is a better predictor of 5-year
survival than airway obstruction in patients with COPD. Chest 121:1434—-1440, On Behalf
of the Kansai COPD Registry and Research Group in Japan

Oga T, Nishimura K, Tsukino M, Sato S, Hajiro T (2002) Analysis of the factors related
to mortality in chronic obstructive pulmonary disease. Role of exercise capacity and health
status. Am J Respir Crit Care Med 167:544-549

Groenewegen K, Schols A, Wouters E (2003) Mortality and mortality-related factors after
hospitalization for acute exacerbation of COPD. Chest 124:459-467

Connors A Jr, Dawson N, Thomas C, Harrell F, Desbiens N, Fulkerson W, Kussin P,
Bellamy P, Goldman L, Knaus W et al (1996) Outcomes following acute exacerbation of
severe chronic obstructive lung disease. Am J Respir Crit Care Med 154:959-967

Egan TM, Murray S, Bustami RT, Shearon TH, McCullough KP, Edwards LB, Coke MA,
Garrity ER, Sweet SC, Heiney DA et al (2006) Development of the new lung allocation
system in the United States. Am J Transplant 6:1212-1227

Celli B, Calverley P, Rennard S, Wouters E, Agusti A, Anthonisen N, MacNee W, Jones P,
Pride N, Rodriguez-Roisin R et al (2005) Proposal for a multidimensional staging system
for chronic obstructive pulmonary disease. Respir Med 99:1546-1554

Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez RA, Pinto Plata V,
Cabral HJ (2004) The body-mass index, airflow obstruction, dyspnea, and exercise capac-
ity index in chronic obstructive pulmonary disease. N Engl J Med 350:1005-1012
Martinez F, Foster G, Curtis J, Criner G, Weinmann G, Fishman A, DeCamp M, Benditt
J, Sciurba F, Make B et al (2006) Predictors of mortality in patients with emphysema and
severe airflow obstruction. Am J Respir Crit Care Med 173:1326-1334

Kazerooni EA, Chow LC, Whyte RI, Martinez FJ, Lynch JP (1995) Preoperative examina-
tion of lung transplant candidates: value of chest CT compared with chest radiography.
AJR Am J Roentgenol 165:1343-1348

Kazerooni EA, Hartker FW, Whyte RI, Martinez FJ, Lynch JP (1996) Transthoracic needle
aspiration in patients with severe emphysema. A study of lung transplant candidates. Chest
109:616-619

Nathan S (2005) Lung transplantation. Disease-specific considerations for referral. Chest
127:1006-1016



15

Depression and Anxiety in COPD:
Diagnosis and Management Issues

Key Points:

» Depression, often with anxiety, is common in COPD, contributes to disability, and
is detectable by simple screening tools.

e Mild mood symptoms often respond well to good medical management and pul-
monary rehabilitation, but major depressive episodes and panic disorder should be
diagnosed and specifically treated. Treatment outcome studies are too limited to
provide guideline-level support for choosing among interventions.

e Current best practices include screening COPD patients for major depression and
panic disorder, initiating specific treatment, and monitoring patient response at
planned intervals. Persistently symptomatic patients should be referred to an appro-
priate mental health specialist.

Keywords Antidepressant « anxiety « anxiolytic  collaborative care « depression
« disease management « family involvement « lung disease « pulmonary rehabilitation

Introduction

Clinically significant symptoms of depression and anxiety affect at least 40% of patients
with COPD. When persistent, mood symptoms worsen quality of life and diminish moti-
vation to sustain important disease-management activities such as regular exercise and a
smoke-free lifestyle. Mild mood symptoms can, for many patients, be alleviated by opti-
mizing management of lung and other comorbid disease and exercise-based pulmonary
rehabilitation. A key to effective management of depression and anxiety is to distinguish
such mild symptoms — that generally do not require a separate treatment — from those
due to mood disorders that will likely persist or worsen unless specifically treated.
Major depression and panic disorder are two mood disorders that require specific treat-
ment. Use of simple screening measures in primary care and pulmonary disease clinics
would improve recognition of depression and panic disorder in COPD patients, and
antidepressant therapy can be helpful for both conditions. However, studies evaluating
the efficacy and proper selection of antidepressants in COPD patients are very limited in
size and scope, and often inconclusive for methodological reasons. The best data support
the efficacy of an older tricyclic antidepressant, nortriptyline; studies of newer, easier to
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use medications (selective serotonin reuptake inhibitors) have not established
their value for either depression or panic disorder in COPD. In addition, many
patients refuse antidepressants, and clinicians need access to nonpharmaco-
logical modalities of treatment for depressed and anxious patients. Collaborative
models of care utilize depression screening followed by monitored treatment
by the primary physician, and then by mental health specialty consultation and
treatment for poor responders. Such models can be adapted to both primary and
specialty medical settings where COPD patients are managed.

Overview: Depression and Anxiety in COPD

Many studies over the last 40 years have documented the common occurrence
of depression and anxiety symptoms in patients with COPD. Precise preva-
lence figures vary between 40% for clinically significant depression (reviewed
in [1, 2]) and over 80% [3] for any depressive and/or anxiety symptoms. There
is general agreement among investigators that depression is associated with
many different types of adverse outcomes in COPD. These include poorer
quality of life, greater total symptom burden and functional disability, more
persistent smoking, poorer outcomes of pulmonary rehabilitation, more hos-
pital readmissions, longer lengths of stay, refusal of resuscitation as a future
option, and shortened survival [1, 4-8].

There is much less consensus as to how depression and anxiety should be
managed, and very little data demonstrating the effect of treatment for depression
on relevant disability outcomes. In addition, little is known about how the
long-term, changing trajectory of COPD relates to mood disorder risk, onset,
and chronicity. Specific disease-related events are likely to heighten this risk.
Good candidates include: the initial diagnosis of COPD, when the patient
hears that he/she has an incurable, progressive condition; after acute exacer-
bations and hospitalizations; having a pattern of frequent exacerbations or
an episode of respiratory failure and artificial ventilation; needing oxygen at
night and with exercise; becoming permanently oxygen dependent; developing
secondary heart failure; and approaching the end of life.

Although much remains to be learned about the relationship between mood
disorders and COPD, the correct diagnosis has prognostic and therapeutic
significance: among patients followed longitudinally after hospitalization for a
COPD exacerbation, two-thirds with minor or subsyndromal depression remit-
ted by 12 weeks, compared to only one-quarter with major depression [9].
At 24 weeks, still only 49% of those with major depression had remitted [9].
Nevertheless, most studies of mood in COPD do not distinguish mild or minor
from major depression (and similarly, mild anxiety from panic disorder), con-
founding the results of intervention trials. We retain this distinction whenever
relevant throughout the remainder of this chapter.

Diagnosing Depression and Anxiety

Diagnostic criteria for major depression are the same for chronically medically
ill and medically healthy adults [10] and, though less well established, the same
is true of anxiety disorders (see Table 15.1 for criteria). Simple, brief tools well
within the scope of both primary and specialty care practice can screen, diagnose,
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Table 15.1 DSM-IV TR criteria for major depression and panic disorder.

Major depression Panic disorder

Five or more of the following symptoms are ~ Both of the following are present:
endorsed and have been present for at least
2 weeks and constitute a change from pre-
vious functioning (at least one symptom
must be either depressed mood or loss of

1. Recurrent panic attacks
2. At least one attack has been followed by
at least 1 month of one or more of the fol-

. lowing:
interest or pleasure) (a) Neargconstant concern with having addi-
1. Depressed mood most of the day, nearly tional panic attacks
every day; can be self-reported or reported (b) Worry about the implications of the
by others attacks or their consequences
2. Marked decrease in interest or pleasure in  (c) A significant change in behavior related
activities (anhedonia); can be self-reported to the attacks

or reported by others The patient may be afraid to leave home or

3. S1gn1ﬁc'ant change in weight be in large groups (agoraphobia, if present
4. Sleep disturbance note separately)
5. Psychomotor disturbance
6. Fatigue or loss of energy nearly every day ~ The panic attacks are not due to another
7. Feeling worthless or having excessive guilt physical or substance abuse issue
feelings In COPD?: Do not diagnose panic disorder
8. Decreased ability to concentrate, focus, when attacks are caused by overuse of beta
make ordinarily easy decisions agonists, other pulmonary disease medica-
9. Recurrent thoughts of death, suicidal tions, a current exacerbation, or exercise
thoughts with or without a plan or an (in patients with severe airflow limitation).

attempt at suicide

Mood symptoms cause distress and impaired
social, occupational or other important
daily function, and are not due to another
physical or substance abuse issue.

In COPD?: Do not diagnose major depression
during an acute respiratory exacerbation,
or afterwards until respiratory function has
stabilized for 2 weeks or more.

*Limitations on use of diagnostic criteria are based on the author’s clinical experience and are intended to
avoid overdiagnosis. Other forms of mood disorder: Minor depression: Symptoms of depression are present
but do not meet criteria for MDD. General Anxiety Disorder: Excessive worry or anxiety, restlessness, easy
fatigue, difficulty concentrating, irritability, muscle tension, sleep disturbance

and monitor treatment of depression and anxiety disorders. Among the many validated
depression-screening tools, the most useful is the PHQ-9 [11]. Developed specifically for
depression case-finding in general medical practice, it operationalizes the specific criteria
required to diagnose major depression [12]. The PHQ-9 is a 9-item self-report scale that
can be given by interview if necessary, and is downloadable free from the Internet. It
offers good sensitivity and specificity for current major depression, but is also scored to
identify minor (mild or subsyndromal) depression. The PHQ-9 can be used to track the
course of depression over time and to measure treatment response. In addition to depres-
sion severity, it provides a patient with an estimate of the impact of depressive symptoms
on everyday functioning; this feature has not been tested in patients with COPD, who
often do not distinguish depression from the impact of lung disease [1]. A limitation of the
PHQ-9 is lack of items reflecting duration depression; one small study in COPD reported
a mean duration of major depression of over 3 years at the time of diagnosis [13].

In COPD, a substantial body of evidence points to the frequent co-occurrence of
anxiety and depression [2, 3, 14] though they can occur as distinct symptom profiles.
Three-quarters of a sample of moderate to severe COPD patients with major depres-
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sion had concurrent panic disorder [13], and in a group of consecutive COPD patients
attending a pulmonary clinic, the lifetime prevalence of major or chronic depression
was 18% and of anxiety disorders 16%, including 8% with panic disorder [15]. For
practical purposes, in COPD, major depression and panic disorder, as well as milder
depressive and anxiety symptoms, may be considered distinct clinical entities within a
related mood disorder spectrum.

Treatment

Table 15.2 summarizes the three types of interventions for which outcomes of depres-
sion and anxiety have been reported in COPD: psychological approaches, pharma-
cological treatments, and pulmonary rehabilitation. At least some studies of each
modality report significant mood benefits, but many do not; the best outcomes are
found in studies that specify depression diagnosis as an entry criterion and quantify
outcome using the methods of psychiatric research rather than patient-rated scales
alone. The aggregated evidence suggests that exercise-based, multimodal pulmonary
rehabilitation should be the foundation of mood management for patients with
COPD. Exercise itself can be sufficient treatment for major and minor depression in

Table 15.2 Summary of published intervention studies: depression and anxiety in COPD.

Source Sample Intervention Outcome
Psychosocial [16] N=14, mean age 61 4 weeks, relaxation + No effect
interventions pulmonary rehab

[17] N=94, mean age 63 Stress management No effect
versus no treatment

[18] N=89, mean age 67 Dyspnoea management ~ No effect
versus general health
education

[19] N=10 anxious patients 6 session, cognitive No effect

behavioral therapy
(CBT)

[20] N=56 VA patients

Antidepressant pharmacotherapy
[13] N=36 (30 completed),

mean age 62
MDD, anxiety in %;
moderate to severe
COPD

N=60, “depressive
neurosis”

[21]

22] N=12

Single-blind, single-
session 2 h group
CBT, homework

6 weekly follow-up calls
versus 2 hour educa-
tion plus calls

12 week, RPCT of
nortriptyline (NT)

3 week, RCT of imi-
pramine +diazepam,
+ pulmonary medi-
cations versus pul-
monary medications
alone

6 week, PCT of doxepin

Depression and anxiety
symptoms improved
in intervention group

Marked benefit of
NT for depression,
anxiety, self rated
cognition, and somatic
symptoms

Decreased depressive
and anxious symp-
toms, drowsiness a
common side effect

No benefit

(continued)
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Source

Sample

Intervention

Outcome

[23]

[24]

[25]

Pulmonary rehabilitation
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

N=27 (19 completed),
Beck Depression
Inventory >15, lung
transplant patients

N=23 (15 completed),
CRQ scales

N=778 with MDD
(179 with COPD),
electronic pharmacy
records

N=15, ages 46-71

N=40, mean age 59

N=89, mean age 66

N=43, mean age 63

N=119, mean age 63

N=179, mean age 67

N=59 (30 intervention
29 control, all with
COPD)

N=149 patients with
COPD after an exac-
erbation

N=63 (COPD and
MDD)

N=40

12 week RPCT
of citalopram

12 week RPCT
of paroxetine

Track % receiving at
least 72 days (= 80%
of first 90 days) of
prescribed antidepres-
sant

28 weeks versus 14
weeks of an exercise
program

10 weeks of exercise,
patient education +/—
chest muscle training

24 weeks of exercise
and education versus
usual care

12 weeks of exercise
and MD/RN visits
versus usual care

8 weeks of pulmonary
rehabilitation and
1 year of follow-up
versus 4 educational
sessions

10 weeks of exercise,
education and stress
management versus 2
control conditions

3 weeks of pulmonary
rehabilitation versus
usual care

12 daily 3 h rehabilita-
tion sessions

Median length of stay
16 days, inpatient pul-
monary rehabilitation

16 weeks, randomized
trial of pulmonary
rehabilitation versus
no intervention

No overall benefit, cita-
lopram helped mildly
depressed/ anxious
patients (only in the
least disabled)

Significant improvement
in emotional function
and mastery among
paroxetine completers

COPD patients much
less likely to have an
adequate initial trial of
an antidepressant

Anxiety but not depres-
sive symptoms
improved

Depression and anxiety
improved in the exer-
cise groups

Depression and anxiety
improved in interven-
tion group

Depression and anxiety
improved in interven-
tion group

No change in depres-
sion, but self-efficacy
improved in rehab

group

Depression, anxiety and
cognition improved in
the intervention group

Depression and func-
tional status improved
in intervention group

Depression, anxiety,
function, activity
related dyspnoea and
fatigue improved in
the intervention group

32 responders, 25
in remission by
Hamilton Depression
Rating scale

Decrease in depression
symptoms and hostility

Unless a specific depression or anxiety diagnosis is indicated, mood disorder classification if any is unknown. MDD Major

depressive disorder
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older adults [36], and exercise-based pulmonary rehabilitation produces consistently
measurable mood benefits in COPD patients.

Because of the way medical practice is currently organized, treatment for mood
disorder that is provided in physicians’ offices will generally emphasize antidepres-
sant pharmacotherapy, for which the formal evidence base is still surprisingly small.
However, much larger studies of antidepressants for nonmood disorder indications such
as smoking cessation have established their value in COPD, particularly for bupropion
[37]. These studies did not selectively enroll depressed patients and most had a rela-
tively small percentage of patients with clinical depression. Useful information about
side effects of bupropion versus nortriptyline versus placebo is provided in one com-
parative smoking cessation trial [38]. However, evidence from a study of adherence
to initial antidepressant treatment indicates that COPD patients with major depression
are much less likely (OR 0.67) to achieve 80% of prescribed treatment days in the first
3 months than are depressed patients with other chronic medical diseases [25]. Data
explaining this differential adherence were not available in this study; among the many
possibilities that must be considered are behavioral differences in patients who develop
COPD (e.g., neglect of other health-promoting behaviors such as smoking cessation)
and higher rates of drug intolerance in patients with multiple concurrent medications
and low physiological reserve, both of which are prevalent among patients with more
severe COPD. Analysis of nonadherence due to antidepressant side effects needs to be
evaluated as a function of COPD-related disease variables in future research.

Progress in reaching consensus and standardizing treatment of mood disturbances in
COPD has been hindered by several key factors. Well-designed treatment trials using
measures and outcomes accepted by both respiratory and psychiatric specialists are
few. Lack of formal psychiatric diagnosis, relatively small sample sizes, and failure
to consider key illness variables such as severity and course of lung disease, limit the
prescriptive value of these studies. Finally, all available treatment studies lasted only
weeks, a very short time measured against the years of illness most COPD patients
experience, and the chronicity of many major depressive episodes in these patients.

Only two treatment studies have specified a diagnosis of major depression as an
inclusion criterion. One, a small (N=36), 12-week, randomized placebo-controlled
trial of nortriptyline, in medically stable outpatients with moderate to severe airflow
limitation, showed robust treatment effects for depression, anxiety, somatic symptoms,
and everyday (especially psychosocial) function [13].

The second study that selected patients with major depression (N=63), a non-
randomized descriptive study of the effect of multidimensional inpatient pulmonary
rehabilitation, showed general improvement in function and significant depression
benefits (39% remission and 51% improvement) after a median length of stay of 16
days [34]. The duration of major depression at the time of enrollment was not reported
in that study, nor was whether admission to rehabilitation followed hospitalization for
an acute exacerbation (in which case improvement in depression would be expected to
occur as overall health improved).

There is a compelling need for longer-term studies of both antidepressant medica-
tions and pulmonary rehabilitation, as well as well-designed psychological and psy-
chosocial interventions, to evaluate the durability of treatment response, regardless of
modality. There is an equally important need for studies that ground depression and
its treatment in the natural history of COPD as a chronic disease that confers ongoing
risk for mood disorders.

What can we make of the data we have now? A reasonable and practical approach
to managing mood disorders in COPD is shown in Fig. 15.1. Note that exercise-based
pulmonary rehabilitation — or another way of delivering measured exercise on a regular
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Fig. 15.1. Suggested algorithm for diagnosing and managing mood disorders in COPD

basis — is here considered essential for all eligible patients with minor or major mood
disorders complicating COPD, with psychotherapeutic and/or pharmacological treat-
ments applied in conjunction with focused disease management education and sus-
tained physical activation.

Organizing Clinical Practice to Improve Mood Disorders
in COPD Patients

The salience of depression and anxiety as predictors of important outcomes in COPD
calls for making mood disorders a planned focus of disease management models. The
PHQ-9 and related anxiety screens are appropriate for routine screening, monitoring,
and evaluating treatment response [39]. Nonphysician staff in primary care and pul-
monary disease specialty clinics can manage much of this activity, once a systematic,
practice-wide commitment to the process has been established. Collaborative models
of care focus on managing mood disorders as potentially chronic conditions, using an
outcome-based, stepped-care approach. These models require specific patient-centered
actions: identify those with major depression or panic disorder, make an explicit diag-
nosis in the medical record and on the problem list, schedule a focused “depression
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visit” (or “panic visit”), educate patients about why treatment is important in managing
their lung disease, and what their treatment options are. Eliciting patients’ depression/panic
treatment preferences is critical to build sufficient rapport for compliance with the
selected treatment. Once chosen, implement the selected treatment, monitor response,
and revise treatment to improve response, when needed, with the help of collaborating
mental health providers.

Managing depression and panic in COPD patients is best achieved when a practice
adopts a chronic care model that includes mood components. Chronic care models
require creation of a patient registry to keep track of affected individuals over time.
Patient registries for depression and panic in COPD, as for other chronic medical
conditions, can be maintained by specially trained nurses, psychologists, or other
nonphysician providers, who are trained as depression care managers. Psychiatrists
are typically available for consultation regarding switching to more intensive, skilled
interventions (e.g., additional pharmacotherapy and formal psychotherapy for patients
who are not reaching therapeutic goals for mood disorders). Project IMPACT —
Improving Mood-Promoting Access to Collaborative Treatment [40] — is an excellent
model for building collaborative treatment teams that substantially improve depres-
sion outcomes in medical settings. Many papers from this large randomized trial,
comparing collaborative care for depression with usual primary care, report marked
improvements in depression and functional outcomes for older adults even in the
presence of multiple comorbid conditions [41]. Although the model has been suc-
cessfully implemented in replication studies across a range of primary care practice
types and health systems, it may need specific adaptations for sicker patients with
more severe chronic medical disease, such as COPD patients managed in pulmonary
specialty clinics. An analysis of the translatability and sustainability of IMPACT is
available in Blasinsky et al. [42].

Talking with Patients About Mood Problems

Many patients with COPD believe that depression and anxiety are inevitable
components of lung disease and do not see mood disorder as independently
treatable (13; unpublished qualitative data). This may be one reason for the striking
finding [43] that many depressed COPD patients refuse antidepressant treatment.
Educating patients about depression as a disorder that is common among peo-
ple dealing with chronic medical diseases, about the potential to improve their
health and day to day functioning as well as their mood if depression is a focus
of treatment, and engaging close family members in encouraging and supporting
treatment, are all useful interventions. The more confident a physician is in his/
her ability to diagnose and manage depression, the more specific the treatment
and monitoring plan proposed, and the more confidence that patient has in his/her
relationship with the doctor, the more likely they are to respond positively and to
accept the recommended intervention.

Conclusion
Depression and anxiety are common in COPD and adversely affect most important

disease-related outcomes. Clinically significant mood disorders can be readily diag-
nosed using simple tools. Pulmonary rehabilitation including exercise is a maintstay
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of mood management in COPD and should be made available to all patients capable of
participating. Antidepressant medications benefit patients with depression and panic
disorder complicating COPD, but evidence is too limited to direct choice of medication.
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Disease Management Programs
for COPD

Jean Bourbeau, Amir Sharafkhaneh, and Sandra G. Adams

Key Points:

* To optimally manage COPD, healthcare providers must shift their focus from acute
care to chronic care involving the community and health system including self-
management education and support.

* To be successful (healthy behavior change for patients to control their disease),
self-management education programs require fewer lectures, and must focus more
on practice and acquisition of new skills, including decision making and problem
solving, in order to have an impact on self-efficacy leading to behavioral changes.

* To be effective (improvement of patients’ well being and reduction of healthcare
utilization such as hospitalizations), self-management has to be supported by a
delivery system designed to provide planned chronic care:

(a) Team including a skilled health professional “case manager”

(b) Continuous communication to effectively manage COPD in it trajectory
(c) Properly trained professionals to support physicians and patients

(d) Therapies supported by protocol (evidence-based practice guidelines)

* To prevent patient complications such as deterioration of quality of life and hospi-
talizations due to COPD exacerbations, action plans as part of a strategy promoting
self-management education could play a key role in the future.

Keywords COPD e chronic care » patient education e self-management

Introduction

COPD is a chronic, progressive, and debilitating disease that presents with dyspnoea.
Furthermore, the course of COPD is complicated by episodes of worsening respiratory
status that result in seeking medical care and hospitalization. Worsening dyspnoea and
COPD exacerbation episodes result in physical and psychological impairments [1].
Negative experiences caused by physical and psychological impairments diminish sense
of control. In short, with worsening disease, COPD patients feel as though they are los-
ing control of their lives and their confidence, and at times feel incapacitated in dealing
with the disease. COPD patients progressively become less physically active [2], reduce
their social contacts, and often become depressed [3], which creates a downward vicious
circle [4]. Because COPD is one of the most common causes of emergency visits and
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hospitalizations, the healthcare system will continue to bear its weight into the
future. More than 65% of COPD-related costs is due to hospitalizations [5].

Most COPD patients are managed by their primary care physicians. Efforts
to improve care of the chronically ill must begin with the knowledge that the
majority of COPD patients receive their care in family medicine practices. The
medical system has been slow to respond to the concept of chronic disease
management, and remains centered on acute care. However, recent changes in
the philosophy of care from acute to chronic management have led to increased
interest in education programs designed to encourage patient autonomy and
responsibility in the management of their condition. Self-management inter-
ventions with action plans for acute episodes in asthma were proven effective
to improve symptoms and are economically viable [6]. This approach is now
advocated for the management of COPD patients.

In this chapter, we review the importance of shifting from an acute to a
chronic care approach in the management of COPD. We look at characteristic
components of the chronic care approach, such as self-management education
in COPD patients, and features of a successful program. We also look at an
action plan as part of a strategy promoting self-management education and
emphasizing management of exacerbations.

Improving Chronic Illness Care: Shift of Focus
from Acute to Chronic Care

An inordinate amount of healthcare resources are required to manage patients
with COPD. Similar to many other chronic illnesses, COPD management is
usually focused on acute disease treatment rather than on the more efficacious
and cost-effective prevention of exacerbations [7]. In primary care, attention
continues to focus on treatment, usually in the form of drug prescriptions.
Time spent with patients on chronic conditions is not different from that on
acute diseases (11 vs 9.7 min) [8].

Most of the care for COPD patients is tailored to treating acute exacerbations
of COPD (AECOPD) episodes, while minimal effort is expended to educate
patients in building the confidence and the specific skills to manage their disease
on a daily basis and to prevent exacerbations. This may result in inappropriate
resource utilization. Emphasizing the disconnection between current healthcare
systems and “ideal” care that may be attainable for chronic illness management,
the Institute of Medicine reported that “the current care systems cannot do the
job,” “trying harder will not work,” but “changing care systems will” [9, 10].
Therefore, a shift of the paradigm for healthcare from acute to chronic care is
required for the optimal management of patients with COPD (Table 16.1).

Concomitant comorbidities are common in patients with COPD (discussed
in detail in other chapters); therefore, the allotted time during a clinical visit is
often spent on addressing the most acute symptoms and concerns of the patient,
leaving minimal to no time to address the optimal management of the patient’s
chronic illnesses. In the “Acute Care Model,” the goals are generally short term,
healthcare professionals assume the bulk of the responsibility to “fix” the acute
problem, and the patient’s role is often passive. In contrast, management in the
“Chronic Care Model (CCM)” is focused on health promotion with long-term
goals to reduce complications and improve quality of life. In the CCM, the
healthcare provider understands that providing high-quality care is a process
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Table 16.1 Shift of COPD management from acute to chronic care.
Acute care model Chronic care model
Focus Symptoms, pulmonary function, and  Health promotion
other lab results Self-management
Goals Short-term: Long-term:
Reduce symptoms Prevent complications
Reduce exacerbations
Improve quality of life
Reduce utilization of healthcare resources
Healthcare Autocratic (reactive): Facilitator (proactive):
Professionals ~ Short-term vision: “fix” the acute Long-term vision: understand that providing high-
problem quality care is a process
Assume responsibility and control Self-management education to increase patient’s
Minimal consideration of patient’s skills, facilitate lifestyle changes, and promote
concerns autonomy
No emphasis on patient education To support and facilitate self-management, the facili-
tator must:

e Have excellent communication skills
e Have expertise in behavioral change

e Evaluate patient’s concerns, beliefs, readiness, and

life experiences

e Seek partnership with patient/family, healthcare

team, and community resources

Patient/Family Passive Role: Active Role:
Not part of decision making Engaged and actively participates in the care plan
Minimal communication Communicates needs to healthcare provider
Poorly informed Well informed

requiring excellent communication skills and active partnerships with the patient, family,
healthcare team, and the community. In addition, the patient needs to be well informed,
to seek autonomy through self-management, and actively participate in the care plan.

The CCM Components

The CCM identifies essential elements that encourage high-quality chronic disease
care [11-13]. These CCM components (Fig. 16.1) involve the community and health
system and include: (1) self-management support; (2) delivery system design; (3) deci-
sion support; and (4) clinical information systems.

The model fosters productive interactions between informed patients who actively
participate in their care and experienced providers, resulting in a broadly applicable,
higher quality, and possibly more cost-effective patient care environment.

A growing body of health service research points to the design of care delivery, not
to the specialty of the physician, as the main determinant of effective chronic illness
management. Utilizing resources within the community and maintaining support from
the healthcare organization are key elements in this model. Incorporating community-
based resources into clinical practice may allow healthcare providers to improve
chronic care. Tapping into these community resources (e.g., a home health agency that
provides a case manager, an existing pulmonary rehabilitation program, patient educa-
tion material such as the self-management program(SMP) “Living Well with COPD”
www.livingwellwithcopd.com (password: copd), classes such as the “Better Breathers
Club,” etc.) is particularly important for small practices with limited resources.
To provide and sustain high-quality long-term improvements in chronic care, family
physicians and health professionals within the healthcare organization must view
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Fig. 16.1. Chronic care model components (From Wagner EH. http://www.improvingchronic-
care.org)

chronic care as a priority. Therefore, the community and the health system form the
foundation for the other components of the CCM.

Self-management Support

Because many aspects of chronic care management are under the direct control of
patients, effective chronic care should ensure that patients and their families acquire the
confidence and specific skills to manage their illness on a daily basis (self-management).
This requires collaboration and should ideally be supported by a case manager whose
role is to work with the primary care physician and healthcare team to optimize disease
control and routinely assess difficulties and accomplishments. Case managers are used to
empower patients with sufficient knowledge and confidence to take over the responsibility
of managing the illness.

Three important aspects to address in any self-management intervention are: education
(education on specific topics with required skills to cope with the disease on a day-to-day
basis), behavioral support (providing tools to modify behavior), and motivational strate-
gies (linking specific goals for behavioral changes to clinical information). For patients
with COPD, some of the components of a comprehensive self-management support
program include smoking cessation, adequate nutrition, active exercise program,
medication compliance and proper inhaler technique, breathing techniques, control of
anxiety related to shortness of breath, and tools to recognize and manage AECOPD
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(i.e., an Action Plan). Style of teaching has to change from traditional, didactic to
that of self-management. Self-efficacy, which is individuals’ belief in their ability to
execute necessary actions in response to specific situations, is considered in the Social
Cognitive Theory as a predictor of behavioral change [14, 15]. The ongoing assessment
of self-efficacy is critical to the success and improvement of chronic care.

Delivery System Design

Another component of the CCM is the delivery system design, which refers to the
structure of the medical practice. To deliver effective chronic care, there must be a
clear separation between delivering acute care, which is unpredictable, and provid-
ing planned chronic care. An integrated team with a skilled health professional “case
manager” is a critical component of effective chronic disease care and self-management
intervention [16, 17]. The case manager will ensure that patients acquire the confi-
dence and specific skills to manage their disease on a daily basis. Key success to
self-management includes a strong collaboration and good communication between
the patient, the health professional case manager, and the medical team.

The case manager has to be knowledgeable about the specific aspects of each
patient’s medical condition in order to support the self-management process. Personnel
should be trained to support the physician and the patient, arrange routine care to
support complications/comorbidities of COPD (such as screening for depression
and anxiety, scheduling regular bone densitometries for osteoporosis screening, and
emphasizing and aiding smoking cessation efforts, etc.). The therapy has to be sup-
ported by protocol and follow-up with empowerment of self-health behaviors needed
to effectively manage chronic disease such as COPD.

Decision Support

Decision support in the form of evidence-based practice guidelines should be incor-
porated into daily practice of chronic care; however, this is challenging in busy clini-
cal practices. A practical strategy for implementing these guidelines for patients with
COPD is to integrate automated clinical reminders in routine practice. In addition,
specialist expertise in the management of COPD and associated comorbidities, as well
as full specialty consultations, should be readily available by telephone. Shared care
between family physicians and specialists produces the best outcomes [18, 19]. This
model offers the optimal combination of knowledge and skills needed by chronically
ill patients.

Clinical Information Systems

The final component in the CCM involves integrating a computerized clinical informa-
tion system into clinical practice. This computerized system can be used to improve
chronic care by keeping registries for planning individual and population-based care,
implementing automated reminders for the primary care team to comply with clinical
guidelines, and providing individual feedback to physicians and clinical practices
regarding their performance in specific chronic illness care measures.

Self-management in COPD

Definition of Self-management Model (Self-efficacy)

A key element in effective disease management and chronic care is patient self-
management education. Self-management applies to a formalized patient education
program aimed at teaching skills needed to carry out medical regimens and guide
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healthy behavior change for patients to control their chronic disease and improve
their well-being. An SMP in any chronic disease is a process by which patients
gain the knowledge, skills, and confidence (self-efficacy) to deal with their disease.
Patients need to acquire the practical experience to deal with their disease dur-
ing everyday life. In a successful COPD SMP, interventions designed to enhance
patients’ efficacy, beliefs, and confidence in their skills of managing their illness
are as important as strategies to increase patients’ knowledge of COPD. This is pre-
sented as a simple illustration in Fig. 16.2. This model has been the foundation of
the development of the SMP “Living Well with COPD” [20].

We must consider and work on many factors in order to change patient behavior
and impact patient health. Self-efficacy influences actions that individuals choose to
perform and the effort they invest in managing their chronic illness. Individuals will
choose an action only if they believe that they are capable of doing it and that they
will benefit from it. As part of patient education, there are strategies to enhance self-
efficacy: (1) past performance accomplishments; build on successful experiences;
(2) peer observation; role models (group education); (3) verbal persuasion from health
professionals; and (4) self-evaluation of physical/emotional state. Knowledge alone
is clearly insufficient. Self-efficacy is the most important determinant of behavior
change. The adage that “nothing succeeds like success” is crucial if we want lifestyle
changes to occur.
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Fig. 16.2. Progressive course of COPD and effect of self-management program (SMP) associ-
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Review of the Benefits of Self-management

Systematic reviews and clinical studies have demonstrated that implementing the
CCM components in patients with chronic diseases such as diabetes, depression,
asthma, and congestive heart failure is associated with significantly improved out-
comes [21, 22].

Taylor and colleagues [23] evaluated RCTs of self-management in COPD and also
found no difference in quality of life at 12 months, lung function, number of exac-
erbations, or mortality, but they reported that emergency visits “may be reduced.” In
a recent update of the Cochrane review about the effectiveness of self-management
education in COPD, it was demonstrated that self-management education is associ-
ated with a clinically relevant and significant reduction in the probability of at least
one COPD-related hospital admission with no evidence of detrimental effects on other
outcomes [24].

Recently, a systematic review by Adams and colleagues evaluated studies in self-
management in COPD taking a different approach. They divided the studies according
to the presence of self-management alone or self-management associated with other
components of the CCM model [25]. Pooled results from studies that implemented
multiple components of the CCM demonstrated a significant reduction in healthcare
utilization (unscheduled/emergency center visits, number of hospitalizations, and hos-
pital length of stay) compared to the control group (Fig. 16.3). The trials that resulted
in reduced healthcare utilization included two or more of the following components:
(1) an extensive SMP with an individualized Action Plan, (2) delivery system with
“advanced” access to care, which consisted of knowledgeable healthcare provider
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Fig. 16.3. Relative risk ratio of health service use between patients who have taken part in self-
management alone or self-management associated with other components of the CCM model
(a) Emergency/Unscheduled visits (b) Hospitalizations (relative risk ratio) (Adapted from [25])
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“casemanager,” (3) decision support with guideline-based therapy, and (4) a clinical
registry system.

Other systematic reviews in COPD were more limited in their scope and focused on
trials that predominantly involved self-management. Pooled results from these other
reviews did not demonstrate significant improvement in outcomes. Another systematic
review involved disease management programs in various chronic diseases, including
COPD [17]. Only seven COPD studies met their inclusion criteria. They pooled results
of three studies, which included only self-management interventions, and did not dem-
onstrate improved outcomes. Many studies included in these reviews had incomplete
descriptions of interventions and the self-management interventions were often limited
in intensity (half of the studies included in the review by Adams and colleagues had an
intervention duration <7.25 h). Cognitive—behavioral approaches to smoking cessation,
medication and oxygen compliance, and exercise, which are known to be beneficial,
had limited application in many studies. In addition, only seven studies included all
three elements of self-management (education, behavioral changes, and motivation),
whereas most studies were aimed at changing only the participants’ knowledge of
the disease (i.e., education alone is known to be necessary, but insufficient to change
behavior) [25].

In many studies, the focus of self-management education is primarily on teaching
topics specific to COPD (changing knowledge alone is insufficient) and not on the
educational process (teaching self-management, emphasizing day-to-day controls and
healthy behavior, and enhancing self-efficacy). Few studies emphasize continual com-
munication which is key in successful SMPs. Pooled results from these reviews have
failed to demonstrate significant improvement in outcomes. In fact, this may simply
be a failure to intervene.

Building Self-management Strategies in COPD

Understanding the course of a chronic disease, its symptoms, and the way it affects a
patient’s life is essential to develop a successful SMP. Disease process and its treat-
ment affect patients’ ability to pursue a normal way of life. In COPD, dyspnoea limits
patients’ ability to be physically active and lead a productive life. This forces patients
to modify and adjust their lifestyle by avoiding tasks that may result in dyspnoea.
Patients become gradually more sedentary. In addition, the physical limitation often
compromises mental health and results in anxiety and depression. Episodes of COPD
exacerbations add to the impairment. An SMP needs to evaluate and address the effects
of physical and psychological impairments on patients’ daily lives and reduce the wors-
ening effects of exacerbations. Finally, a successful SMP promotes the development of
skills that are required for patients to cope with the disease, its complications, and the
potential side effects of its therapy. This type of SMP aims at improving patients’ self-
confidence and self-efficacy and thus reversing the behavioral effects of the disease.
As mentioned in the previous sections, to be effective, the chronic care approach
requires self-management support within a delivery system designed to provide
planned chronic care. Self-management education includes a mutually understood
care plan and careful and continuous communication with a case manager [16, 17,
26]. Building a successful self-management education program requires emphasis
on the following two components: (1) the educational process “Self-management
model”; (2) the educational topics “Intervention elements.” Style of teaching has to
change from traditional, didactic, to that of self-management. Health educators in
self-management should ensure that patients acquire the confidence and the specific
skills to manage their disease on a daily basis. Ideally this needs to be supported by a
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Table 16.2 Self-management skills and healthy behaviors for COPD self-management.
Healthy behavior Self-management skill (strategy)

Smoking cessation Quit smoking and remain nonsmoker
Avoid second-hand smoke

Proper prescription and use of medication Take medication as prescribed on a regular basis
and use proper inhalation techniques

Breathing techniques and positioning® Use according to directives:

e The pursed-lip breathing technique
e The forward body positions

Regular exercise and physical activities Maintain physical activities (activities of daily
living, walking, climbing stairs, etc)
Exercise regularly (according to a prescribed
home exercise program and ideally following
a pulmonary rehabilitation program)

Early recognition of exacerbation and Get your flu shot every year and your vaccine for
prompt treatment. pneumonia
Identify and avoid factors that can make your
symptoms worse
Use your Plan of Action according to the directives
(recognition of symptom deterioration and actions
to perform)
Contact your resource person when needed

2For some COPD patients, teaching cough techniques may also be needed

case manager whose role is to optimize disease control and follow-up with empowerment.
Proven effective interventions should be the main focus of our self-management
educational approach [27]. These educational topics (Table 16.2) are: (1) smoking
cessation; (2) proper prescription and use of medication; (3) breathing techniques
and positioning; (4) regular exercise and physical activities; and (5) early recognition and
prompt treatment of exacerbation.

An example of a successful SMP is the one used in a study by Bourbeau and col-
leagues [28]. The program “Living Well with COPD” was multifaceted and delivered
as part of the continuum of care. The program provides basic knowledge on COPD
and its symptoms. It also suggests ways for patients to control their symptoms while
effectively continuing to function. In addition, the program educates patients on COPD
exacerbations and promotes early recognition and treatment. The program includes
access to antibiotics and systemic steroid (self-initiated prescription) for early treat-
ment of COPD exacerbations. A comprehensive program acknowledges all aspects of
patients’ health and life including elements that improve physical and emotional well
being. The program promotes a healthy lifestyle through home exercise and healthy
sleep and nutrition. It also explores leisurely activities as a means of improving emo-
tional well being.

The program designed by Bourbeau and colleagues was supported by a case manager
whose role was to optimize disease control and follow-up with empowerment. In
order to assure an efficient follow-up, there was: (1) regular assessment of patients’
general health condition and needs, (2) help provided to patients/families to ensure
integration in daily life of skills and healthy behaviors learned, (3) written action plan
given to patients with a self-administered prescription in case of a COPD exacerbation
and support of its use until complete mastery of skills, and (4) referrals to proper hospital
and community services, if needed. Goals and objectives were reviewed with patients.
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For goals and objectives that were unmet, the educational plan was revised and education
repeated through efficient interventions and methods.

Detailed information including patients’ workbooks and brochure, and health
professionals’ teaching material such as the flip chart, the posters, and the reference
guides are provided on the website www.livingwellwithcopd.com (password: copd)
where all the resources can be accessed and downloaded for free. “Living Well with
COPD” is a program designed to be delivered to patients under the guidance of health-
care professionals. This is why the access to the website is protected by a password.

The website will help you to continue improving the quality of the education provided
to the patients and their families.

Action Plan in COPD

To date, treatment has focused mainly on drug therapy to decrease admission rates,
reduce length of stay, and hasten recovery. More attention needs to be paid to early
treatment of exacerbations to prevent complications such as deterioration in quality
of life and hospitalizations. As Wilkinson et al. showed [29], patient recognition of
COPD exacerbation and early treatment by their physician improved symptom recov-
ery, reduced risk of hospital admission, and is associated with better health-related
quality of life. SMPs have the potential to support the use of action plans, which
include written guidelines on the recognition of worsening symptoms and early exac-
erbation management with self-initiated prescriptions of antibiotics and prednisone.
While action plans were proven effective in the management of asthma [6], evidence
supporting the use of action plans in COPD is limited.

A Cochrane review aimed specifically at action plans for COPD was recently pub-
lished [30]. Studies considered for this review met the following criteria: (1) RCTs;
(2) Patients with primary diagnosis of COPD; (3) The intervention was the use of an
action plan, without a broader SMP, defined as the use of guidelines which outlined self-
initiated interventions (such as antibiotics and prednisone) in response to alterations in
the state of the patients’ COPD that suggested the commencement of an exacerbation;
the active intervention was compared to “usual care”; and (4) The outcomes included
primary measures (hospital admissions, healthcare utilization, use of medications)
and secondary measures (number and length of exacerbations, health-related quality
of life [HRQLY], lung function, symptoms, mortality). Three studies were included in
the review [31-33]. All studies recruited patients through general practitioners. Two
studies were prospective cluster randomized controlled trials and one was a parallel-
group block randomized controlled study. Patients all had one or more exacerbations
in the previous 12 months that required an increase in therapy. Allocation concealment
grades were B (unclear). Furthermore, in one study GP practices were allocated by one
of the investigators which might have introduced confounding factors between treat-
ment methods, possibly diluting the effects of active intervention. The interventions
all involved the use of an action plan and an information booklet. Patients received
an individual education session usually by a nurse experienced in managing COPD.
Self-administered prescriptions of antibiotics and prednisone were part of the action
plan and education to patients. In two studies, patients were instructed to make early
contact with their GP. Two studies had hospital admissions as an outcome measure.
Weighted mean difference for hospital admissions over 12 months was 0.16 [95% CI:
—0.09, 0.42]. The same two studies had ER visits as an outcome measure. Weighted
mean difference for ER visits over 12 months was —0.01 [95% CI: —0.12, 0.10]. The use
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of medication was reported in a variety of ways. One of the studies that measured use
of medication over 6 months [34] showed an increase in the use of antibiotics by the
group using an action plan, but the difference between groups was not as clear-cut for
oral corticosteroid use. The two other studies [31, 32] both reported this outcome using
continuous data over 12 months, which could be combined, showed no significant
difference in medication use for either antibiotics or oral corticosteroids. Finally, the
studies showed that patients provided with an action plan have a better knowledge of
the importance of early intervention and how to implement appropriate treatment for
an exacerbation.

New study results suggest that an action plan as part of a strategy promoting self-
management education could play a key role in reducing emergency visits and hospi-
talization risk, as demonstrated in a subanalysis of a previously successful trial [28].
There were fewer exacerbations in the intervention group compared to the control
group, for which both antibiotics and prednisone were used resulting in hospitalizations
(16.5% vs. 35.1%, p=0.001) and emergency visits (33.1% vs 72.3%, p<0.001) [35],
related to the fact that treatments were started earlier. In addition, 52.9% of patients
recognized the onset of an exacerbation, and used antibiotics and prednisone, as taught
in their self-management training, in the intervention group and 34.8% in the usual care
group (p < 0.01).

An example of a written action plan from the SMP “Living Well with COPD” is
presented in Fig. 16.4. One of the main goals of the written action plan is to prevent
and manage exacerbations, thus preventing complications such as emergency visits
and hospitalizations. Preventive measures such as optimal medication and vaccination
must be part of the action plans. Patient and family’s needs should be assessed (barri-
ers to learning, existing knowledge, beliefs, and abilities) and realistic learning goals
set. Patient and family have to be taught new knowledge and skills leading to expected
healthy behaviors, using the action plan in the event of an exacerbation: (1) identify and
avoid aggravating factors; (2) use action plan (recognition of symptom deterioration
and actions to perform promptly including self-initiation of antibiotics and prednisone);
and (3) contact the resource person when there is deterioration or whenever required.
Finally, patients need to be followed up and to be properly evaluated. Important points
to assess are: (1) patient’s knowledge, level of self-efficacy, and comprehension; (2)
possible barriers to integration of skills and behaviors learned. In case of negative
results, it would be essential to readdress issues in order to reach the specific objectives.
Access to a written action plan including information provided as part of the reference
guides for health professionals is available on the website “Living Well with COPD”
www.livingwellwithcopd.com (password: copd).

Summary

Clinical Implications

A shift from acute to chronic care is required for the optimal management of patients
with COPD. The CCM components involve the community and health system and
include self-management support with action plans (implementing strategies to change
specific behavior in patients), delivery system design (structuring clinical practice to
actively address chronic problems), decision support (using clinical practice guidelines
to guide management), and clinical information systems (computerized registry,
reminders, and providing feedback).
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Self-management applies to a formalized patient education program aimed at
teaching skills needed to carry out medical regimens and guide healthy behavior
change for patients to control their chronic disease and improve their well-being. Self-
management in any chronic disease is a process by which patients gain the knowledge,
skills, and confidence (self-efficacy) to deal with their disease. Self-management
requires an approach as part of a continuum of care that incorporates not only teaching
various disease contents but also implementing strategies to change specific behavior
in patients. Behavior modification implies the appropriate use of many disease-related
skills (smoking cessation, proper prescription and use of medication, breathing tech-
niques and positioning, regular exercise and physical activities, early recognition of
exacerbation, and prompt treatment). Providing COPD patients with the self-manage-
ment skills they need to properly manage their chronic disease should be considered
as important as writing the correct prescription.

The use of action plans to help patients recognize symptom changes, to implement
self-care and to self-initiate a customized prescription (antibiotics and corticosteroids)
in the event of an exacerbation has been suggested as a promising strategy. Studies
have shown that patients can learn how to recognize symptom changes and to react
promptly. However, we have yet to prove that these changes to patients’ behavior
significantly reduce morbidity and use of costly health services such as emergency
department visits and hospital admissions.

Future Research

Further research should be carried out to gain insight into healthy behavior change
interventions in COPD, in order to design more effective SMPs. Future clinical tri-
als need to be planned and designed more carefully; studies should also be powered
properly. Studies claiming to assess self-management education in COPD should
provide complete information allowing readers to evaluate if the intervention met the
criteria for true self-management education. Studies need to assess if the intervention
resulted in intended changes in patients’ behavior. Standardized methods and properly
designed studies need to be adopted if we want to ensure comparability of clinical trial
results and move the field of COPD self-management into high-level evidence.
Considering the emerging evidence that action plans provide an effective approach to
the early management of COPD exacerbations and could result in the intended changes
in patients’ behavior (timely self-administration of antibiotics and prednisone in the
event of an exacerbation), further studies are also needed to investigate if the use of an
action plan results in clinical benefits and reduction in the use of healthcare resources.
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General Management Issues
in COPD: Sleep, Travel
and Preoperative Management
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Key Points:

Sleep disorders in chronic obstructive pulmonary disease (COPD)

* Sleep disorders are prevalent in patients with COPD.

* Insomnia is reported in as much as 50% of patients with COPD.

e Optimal airway targeted pharmacotherapy of COPD may improve sleep in these
patients.

* Attention should be paid to use of sedatives and narcotics in patients with COPD
and insomnia as some of the medications may affect ventilation.

e OSA is not more frequent in COPD compared to a matched population without
COPD, however, the severity of hypoxia or prevalence of hypoxia without OSA is
more in COPD patients.

Travel and COPD

* Travel to high altitude or air travel may result in hypoxia in patients with COPD.

* Severity of hypoxia during the flight not only depends on the baseline arterial par-
tial pressure of O, but also on severity of airflow obstruction and presence of other
comorbid conditions.

¢ O, need during the flight or travel to high altitude can be determined either empiri-
cally or by hypoxia-altitude simulation test (HAST).

* Guidelines recommend having PaO, of 50-55 mmHg at high altitude and during
the flight.

Perioprative care of COPD

* A comprehensive assessment by various practitioners involved in the operation is needed.
* Patient education and smoking cessation plays an important role in outcome of a
surgery in these patients.

N.A. Hanania and A. Sharafkhaneh (eds.), COPD: A Guide to Diagnosis 299
and Clinical Management, Respiratory Medicine, DOI 10.1007/978-1-59745-357-8_17,
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e Optimization of pharmacologic and non-pharmacologic therapies for COPD and
other co-morbidities will improve outcomes of a surgery.

e Implementation of early post-op mobilization, incentive spirometry, and avoidance
of shivering may help to avoid complications post surgery.

Keywords Air travel * insomnia * perioperative management ® sleep apnea

Sleep Disorders in COPD

Sleep disorders such as insomnia, sleep apnea with a greater severity of arterial O,
desaturations and restless leg syndrome are more common in patients with COPD.
More than 50% of COPD patients complain from insomnia and more than 25% report
daytime sleepiness [1]. Sleep in COPD patients is characterized by longer sleep onset
latency, frequent arousals and awakenings, frequent sleep stage shifts and lower sleep
efficiency [2]. Disturbed sleep in COPD patients is associated with the severity of air-
flow obstruction and decreased quality of life. In addition to idiopathic insomnia, patients
with COPD may suffer from insomnia due to the disease or side effects of respiratory
medications.

Normal Respiratory Physiology During Wakefulness, Sleep,
and During the Transition from Wakefulness to Sleep

To better understand the mechanisms underlying COPD-related sleep disorders, it is
first necessary to appreciate differences between wakefulness and sleep physiology.
The dynamics of these physiological processes as one transits from wakefulness to
sleep also influence the effects of obstructive lung disease on sleep and breathing. In
the following sections we will detail normal sleep-wake physiological differences in
respiratory function, control of ventilation, upper and lower airways functions, respira-
tory pump activity, and chemoreceptor sensitivity.

Control of Respiratory Function

The respiratory system’s function is to provide the body with the required O, and remove
CO, produced during the metabolism. Additionally, the respiratory system helps control
acid-base balance. Regulation of respiratory systems function operates through a nega-
tive feedback loop. CO, elevation (hypercapnia) increases ventilation while CO, diminu-
tion (hypocapnia) decreases ventilation. This process involves both chemoreceptors and
non-chemoreceptor sensory elements. The chemoreceptor component consists of both
peripheral and central chemoreceptors. An estimated 30% of the CO, chemosensitivity
and almost all of the hypoxic chemosensitivity is provided by the peripheral chem-
oreceptors [3]. Human peripheral chemoreceptors are located in the carotid body. The
carotid body receptors respond to changes in O, and CO, levels in the blood.

CO, level is mainly regulated by central chemoreceptors located in the superfi-
cial layers of ventral medulla oblongata [4]. Information from sensory receptors is
relayed to the medullary respiratory control center. Finally, the efferent arm of the
feedback loop consists of motor output to upper airway (especially pharyngeal area),
diaphragm, intercostals, and abdominal muscles through phrenic and intercostals
nerves. In summary, the respiratory system under central control by medulla oblon-
gata sustains ventilation and maintains O, and CO, within a normal range required
by blood and tissues. This automatic control of ventilation persists throughout sleep
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and wakefulness. However, during wakefulness, breathing can also be controlled
voluntarily. For example, an awake individual can stop and take a breath whenever
they wish. Thus, respiration can be affected by behavioral and voluntary input from
higher areas of the brain, certainly during the awake state and possibly during rapid
eye movement (REM) sleep.

Ventilation is under automatic control during sleep and thus, the response to CO,
differs slightly during wakefulness, REM and non-REM (NREM) sleep. Of these three
basic states, NREM has the lowest set point for balancing respiration. Most adults,
when they fall asleep, go directly into NREM sleep. Therefore, the transition from
wakefulness to sleep is marked by a ser point drop in ventilation and corresponding
changes in both CO, and O, levels. With initiation of sleep, minute ventilation falls
about 0.5-1.5 L per minute [5, 6]. The minute ventilation reduction at sleep onset fol-
lows from decreased CO, production and O, uptake, absence of a wakefulness stimulus,
reduced chemosensitivity, and increased upper airway resistance. Ventilatory response
to hypercapnia diminishes as sleep deepens during NREM sleep. Similar reduction in
minute ventilation is reported for REM sleep. Reduction of minute ventilation results
in 2-8 mmHg elevation of partial pressure of CO, (PaCO,); up to 10 mmHg reduction
in partial pressure of O, (PaO,); and less than 2% reduction of O, saturation [7, 8].

Upper Airway Function

During the transition from wakefulness to NREM and from NREM to REM sleep,
upper airway resistance increases. This increase is mainly in the palatal or hypopha-
ryngeal areas [8, 9]. The airway resistance increase is greater in snorers and obese
subjects [10, 11], is highest during REM sleep [12], and apparently is induced by
diminished upper airway muscle phasic activity and loss of upper airway protective
reflexes [13]. With transition into REM sleep, the tonic activity of the upper airway
muscles diminishes further; consequently, upper airway occlusion usually occurs more
prominently during REM sleep.

Lower Airways Function
Lower airway resistance follows a circadian pattern, with highest values for normal
individuals occurring in early morning hours [14]. Airways resistance follows a similar
pattern in asthmatics, but with a higher amplitude [15]. The major mechanism of this
change in airway caliber and increased resistance at night is a sleep-synchronized
circadian rhythm largely due to changes in autonomic activity to the airways with
increased cholinergic broncho-constrictor tone and decreased nonadrenergic nonchol-
inergic bronchodilator function in the early morning hours [16].

Cough due to stimulation of airways is suppressed during sleep and only occurs
with arousals [17].

Respiratory Pump

Input to respiratory muscles is controlled by the respiratory center in brain stem
through phrenic and intercostals nerves. The phasic activity of respiratory pump is
state dependent and therefore diminishes with initiation of sleep. However, phasic
activity of the diaphragm is better maintained. With progression of sleep into REM, the
tonic component of respiratory muscle pump decreases. The changes in muscle activ-
ity result in increased upper airway resistance and decreased minute ventilation.

Chemoreceptors
Hypoxic ventilatory response diminishes during sleep [18]. In NREM sleep, men show
more reduction from wakefulness than women [19]. This difference is mainly due to
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higher ventilatory drive during wakefulness in men. With progression to REM sleep,
the hypoxic ventilatory drive further falls in both men and women [16].

Hypercapnic ventilatory response diminishes about 50% with transition from
wakefulness to NREM sleep [7, 16, 20]. In REM sleep the ventilatory response falls
even further; therefore, the lowest ventilatory response to hypercapnia occurs during
REM sleep [7].

Overall, with transition from wakefulness to NREM sleep, the wakefulness stimulus
and voluntary control of ventilation are lost, leaving automatic control to prevail. In
addition, CO, production and O, uptake diminish, upper airway resistance increases,
chemoreceptor response to hypercapnia and hypoxia falls, and operating lung volume
decreases. Subsequently, PaCO, rises and PaO, falls. Combination of these changes
can produce respiratory instability and predispose to periodic breathing and obstruc-
tion of upper airway during sleep. Loss of muscle tone with REM makes upper airway
more prone to obstruction.

Sleep Disorders in Patients with COPD

Sleep-related breathing disorders include sleep apnea, nocturnal asthma, and COPD-
related sleep disorder. While excessive sleepiness is the hallmark symptom of sleep
apnea, patients with COPD usually complain of insomnia. Other sleep disorders
described in association with COPD include restless legs syndrome and nightmares.
Regardless of the cause, among many consequences is greatly decreased quality of life.

Insomnia

More than 50% of patients with COPD complain of insomnia and 25% report day-
time sleepiness [1, 21]. Compared to patients that do not have respiratory disease,
insomnia afflicts significantly more patients with chronic bronchitis, asthma and
emphysema. Sleep in patients with COPD is characterized by longer sleep onset
latency, frequent arousals and awakenings, frequent sleep stage shifts, and lower sleep
efficiency [2]. Polysomnography shows sleep fragmentation with frequent arousals
and diminished REM and slow wave sleep [22]. Disturbed sleep in patients with
COPD is associated with the severity of expiratory airflow obstruction. The difficul-
ties initiating and maintaining sleep in patients with COPD can arise from a variety
of factors. Many patients with COPD are plagued by excess mucus production and
coughing when trying to fall asleep. The coughing may punctuate brief episodes
of light sleep with arousals. Sometimes patients will sleep in a recliner chair rather
than laying flat. This can help by providing drainage but it also pulls the diaphragm
down and facilitates some breathing mechanics. To make matters worse, restless legs
syndrome (RLS) has been identified as a common additional barrier to sleep. RLS
is characterized by creepy-crawly sensations in the extremities, particularly the calf
muscles in legs. Some patients may describe it as feeling like “ants crawling up their
legs” or “worms crawling through their muscles.” In some cases the sensation may
be ach-like or painful. This disagreeable sensation worsens when the patient relaxes
or is resting quietly. Moreover, the feelings are relieved by movement. Thus, RLS
can provoke significant difficulty falling asleep and even sometimes falling back to
sleep after nocturnal awakening. If and when the patient finally achieves sleep onset,
increased expiratory airflow limitation produces lung hyperinflation and consequent
increased dyspnoea later in the night. Periodic limb movement disorder (PLMD) is
another pathophysiology associated with insomnia. It can consist of a simple dorsi-
flexion of the great toe during sleep that occurs repeatedly every 20-60 s (thus, it
is periodic). However, the movement can involve the foot, ankle, knee, hip, and on
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rare occasions, the upper extremities. The movements, in and of themselves, are not
particularly pathophysiological; however, the activity is sometimes accompanied by
CNS arousals that fragment and disturb sleep. Charokopos and colleagues reported
significantly greater leg movement activity and leg movement associated arousals in
patients with COPD [23]. The underlying mechanism connecting PLMD and COPD
are not known.

Other exacerbating factors emerge, particularly during REM sleep. REM-related
breathing mechanics changes occur in response to some muscle groups become hypo-
tonic. As a result, minute ventilation declines, blood O, level drops, and inspiratory
airway resistance increases. The resulting hypercapnia increases respiratory effort
and activity sometimes leading to even greater lung hyperinflation. REM sleep is also
marked by reduced functional residual capacity, ventilation/perfusion mismatches, and
blunted response to CO,.

When COPD is severe, the sleep-state alterations of breathing mechanics can
induce severe hypoxemia, especially if the baseline O, saturation level is low. The
lower the baseline O, saturation, the deeper and more rapid the desaturation event
will be because oxyhemoglobin dissociation curve drops more steeply as the starting
value diminishes. Finally, iatrogenic effects of the medications used to treat the COPD
(for example, corticosteroids, methyl xanthenes, and [-agonists) must be taken into
account [2, 24]. Such compounds have the potential to provoke insomnia in patients,
regardless of their respiratory disease status.

Treatments for difficulty initiating and/or maintaining sleep include cognitive
behavioral therapy for insomnia (CBT-I) and pharmacotherapy. CBT-I can be as effec-
tive as sedatives-hypnotics for treating primary insomnia [25]. However, to our knowl-
edge, there are no published studies assessing efficacy and safety of CBT-I for treating
COPD-related insomnia. In a small study of CBT in patients with COPD and anxiety
or depression, CBT minimally but statistically significantly improved sleep efficiency
[26]. Pharmacotherapy for insomnia involves using sedative-hypnotics that work via
GABA-A receptor complex agonism (substances we traditionally think of as sleeping
pills). Sedating antidepressants (that mainly work by central histamine (H,) blockade)
and melatonin receptor agonists (including melatonin) are also used.

The traditional sedative-hypnotics affect the GABA-A receptor complex most
often achieve this outcome using benzodiazepines (BZD) and benzodiazepine recep-
tor agonists (BZRAs). Most BZDs suppress respiration, decrease airway tone, inhibit
arousals, and thereby may exacerbate hypoxemia. Triazolam, a very short acting BZD,
has no obvious effect on respiration when used in single doses for patients with an
awake supine O, Saturation of >290% and no CO, retention (PaCO,<45). However,
insomnia is chronic in patients with COPD and patient’s moderate or worse disease
will not reliably meet such criteria. BZRAs (imadazopyridines, cyclopyrrolones, and
pyrazolopyrimidines) appear to be a better choice. The imadazopyridine zolpidem was
tested in patients with more severe lung function abnormality and reportedly was safe
and effective [25]. Thus, if a sedative-hypnotic is desired to treat insomnia in a patient
with supine O, Saturation of <90%, zolpidem is clearly the first choice. Other BZDs,
including Triazolam, should be used with extreme caution. Some antidepressants are
quite sedating (e.g., amitriptyline, doxepin, trazodone) and have been used, sometimes
to good effect. Most recently, the melatonin receptor agonist ramelteon was tested
in mild to moderate COPD and found not to impair breathing but did improve sleep
[27]. Total sleep time and sleep efficiency increased, and the number of awakenings
decreased. Furthermore, blood O, level remained constant and there was no significant
change in O, desaturation events. It should be noted that these patients were screened
and excluded if they had clinical levels of obstructive sleep apnea. More recently,
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results of a randomized controlled trial of ramelteon’s effects on sleep in patients
with moderate to severe COPD were presented at the 53 rd International Respiratory
Congress of the American Association for Respiratory Care [28]. In addition to not
adversely affecting O, saturation levels throughout the night, polysomnographically
measured total sleep time, sleep efficiency, and sleep latency all significantly improved
(p=0.019, p=0.019, and p=0.051, respectively). Thus, the current available data
suggest that zolpidem and ramelteon may be safe in more advanced form of COPD.
However, practitioner should exercise caution and properly follow patients with
advanced COPD when a hypnotic-sedative is started [29-32].

Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is characterized by increased upper airway resistance;
however, unlike COPD the increase occurs mostly during breathing’s inspiratory
phase. The increased resistance produces airflow limitation or cessation due to partial
or complete collapse of the upper airway during sleep. If breathing ceases for 10 s,
or more, the event is classified as an apnea episode. Episodes of airway narrowing
without full cessation of airflow are classified as hypopnea. These hypopnea episodes
are associated with decreased tidal volume and increasing respiratory effort; however,
what makes them pathophysiological is their association with either oxyhemoglobin
desaturations, respiratory effort related arousals, or both. Repeated hypoxemia or con-
tinual brief arousals fragmenting sleep produce a host of other problems by interfering
with the sleep process and thereby undermining its functions.

When a patient has both COPD and sleep apnea, a so called overlap syndrome, they
will likely have severe arterial O, desaturations. Most of these patients are chronically
on the steep part of the oxyhemoglobin dissociation curve such that even a short or
partial reduction in ventilation produces a precipitous fall in blood O, concentration.
While the prevalence of sleep apnea in COPD patients does not differ compared to
non-COPD population [33], in our experience the degree of apnea is less severe (in
terms of the number of respiratory events per hour). However, patients with the overlap
syndrome have more profound O, desaturation compared to patients with sleep apnea
and no COPD. One might speculate that because the blood O, level consequence of
each event are so severe, we only sleep patients with fewer nocturnal apnea and hypop-
nea events because mortality prevents the disease from progressing. Recent data from
Marin and colleagues showed increased mortality and admission to hospital because
of COPD exacerbation in patients with overlap syndrome not treated with CPAP com-
pared to patients with only COPD or patients with overlap syndrome who were treated
with CPAP [34].

Arterial O, desaturation can occur in patients with COPD who do not have obvious
sleep apnea but rather have sleep-related hypoventilation. Again, low baseline satura-
tion levels place these patients on the steep portion of oxyhemoglobin dissociation
curve and even the usual REM sleep associated reduction in minute ventilation can
provoke decreased arterial saturation [35, 36]. In addition, decreased functional resid-
ual capacity with transition to sleep may aggravate ventilation/perfusion mismatch
and results in more O, desaturations. Nocturnal hypoxia is associated with increased
daytime and nocturnal pulmonary artery pressure [37]. Further, nocturnal hypoxemia
may increase mortality especially during acute exacerbations of COPD [38, 39].

Standard of care for treating obstructive sleep apnea is positive airway pressure
therapy (PAP). PAP involves administering a fan or turbine generated flow using an
interface (like a nasal or full-face mask). This positive pressure is adjusted to match
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and offset the negative intrathoracic pressure responsible for collapsing the airway (i.e.
PAP creates a pneumatic splint). The process of adjusting pressures until one is found
that maximally improves breathing is called titration and is usually performed during
an overnight sleep study in a laboratory.

Titration and finding an adequate pressure may be more difficult in patients with
overlap syndrome than with simple obstructive sleep apnea. Patient with COPD sometime
have greater difficulty adjusting to PAP therapy. Therefore, surgical interventions are
sometimes considered, including uvulopalatalpharyngealplasty, maxillomandibular
advancement, and tracheostomy. Additionally, desaturation events may continue at
clinically significant rates and during REM sleep notwithstanding optimal PAP titra-
tion. In these cases, supplemental O, is often co-administered. In patients with COPD
without frank sleep apnea or with isolated nocturnal O, desaturations, nocturnal O,
therapy is recommended when complications of hypoxaemia like polycythaemia or cor
pulmonale are present [40]. However, optimization of medical treatment may improve
oxygenation [41-43].

In addition to these treatments, patients should be cautioned to avoid CNS
depressants and alcohol because they can (a) decrease respiratory drive, (b) increase
airway collapsibility, and (c) raise arousal threshold. We instruct patients to avoid
driving or operating heavy equipment when sleepy or fatigued, avoid sleeping
supine, extend sleep schedule to avoid sleep deprivation, and treat allergies and
sinusitis aggressively.

Travel and Residence at High Altitude

With advancement of technology, human travel becomes easier every day. Individuals
can travel hundreds of miles in matter of hours. This specifically is true with the use of
airplanes. The current commercial planes are pressurized at 2,400 m or 8,000 ft above
sea level (cabin altitude). Although, this level may not create any problem for travelers
with normal lungs, it may result in hypoxia during the flight for patients with various
respiratory disorders. Further, temporary or permanent residence in high altitude may
affect oxygenation in patients with COPD. In this section we will review effects of
high altitude on respiratory system in patients with COPD.

Effects of Altitude on Respiratory System

Fractional concentration of O, in the air (21%) and saturated vapor pressure of water
at body temperature do not change with increasing altitude. However, as is shown
in equation 1, drop in barometric pressure with increasing altitude affects the O,
pressure in the air [44]. For Each 1,000 ft increase in altitude inspired PO, drops by
4 mmHg [45]. At the cabin altitude (8,000 ft), the inspired gas PO, will equivalent
to amount of O, in fractional concentration of 16% (reduced from 21%) of sea level
atmospheric pressure [44]. Table 17.1 shows the change in PO, with altitude.

Inspired gas F, =021 (Baromem'c pressure — 47) mmHg

Acute hypoxia results in hyperventilation by stimulation of carotid bodies. The
hyperventilation increases alveolar and arterial PO,. In most normal individuals,
arterial PO, remains at 50-60 mmHg or O, saturation of 80-90% at an altitude of
8,000-10,000 ft [45]. In a study of normal individuals, 0, saturation dropped to less
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Table 17.1 O, level at various altitude (Modified from Nunn’s applied physiology [44]).

Pressure Inspired PaO, Equivalent O, % % O,
Altitude (ft) (mmHg) (mmHg) at sea level required
0 760 149 21 21%
2,000 707 138 19.4 22.6
6,000 609 118 17.8 26.5
8,0002 564 108 16.6 28.8
10,000 523 100 14.0 31.3
18,000° 379 69 9.7 44.8
30,000¢ 226 37 5.2 83.2

2Cabin altitude
"Highest permanent habitation
“Mount Everest

than 90% in half of the subjects at the cabin altitude [46]. In contrast to normal indi-
viduals, arterial PCO, does not decrease with acute exposure to 8,000 ft in patients
with COPD [45]. Thus, in patients with respiratory conditions, the O, drop may be
more pronounced during air travel or ascend to high altitude [47]. A 5% drop in O,
concentration in patients with severe COPD may induce a 25-30 mmHg drop in PO,
and this may cause significant arterial O, desaturation. Consequently, some of the
COPD patients may require supplemental O, during the air travel.

Evaluation and Prescription for Supplemental O2 at High Altitude

Several factors like severity of lung disease, presence of hypercapnia and presence
of cardiovascular comorbid conditions influence need for supplemental O, at high
altitude. A preflight PaO, of less than 70 mmHg is considered an indication for sup-
plemental O, at high altitude [47]. A recent simulation study in patients with severe
COPD (mean FEV1 30% of predicted) showed that sea level resting PaO, of more
than 70 mmHg does not exclude in-flight severe hypoxemia [48]. In this group, light
physical activity (equivalent to walking) caused worsening of hypoxemia [48]. Thus,
in COPD patients with borderline PaO,, a 6 min walk test showing drop in O, may
identify the patients that may need in flight supplemental O,.

The amount of O, prescribed depends on FEV1, PaO, (partial pressure of O, in
arterial blood) at sea level and presence of hypercapnia and comorbid cardio- and
cerebro-vascular diseases. The in-flight PaO, can be calculated with the following
equation [49]:

PaO, (Altitude) = 0.453[ PaO, sea level |+ 0.386[FEV1% predicted |+ 2.44

Guidelines recommend maintaining PaO, above 50-55 mmHg during the flight [40].
For patients who are already on supplemental O,, the flow should be adjusted accord-
ingly to provide a PaO, of 55-60 mmHg or O, saturation of 90% at cabin altitude. The
level aimed also depends on presence of hypercapnia or other comorbid conditions. In
the presence of hypercapnia, flow of O, should be adjusted for an in-flight O, satura-
tion of 90% (PaO, of 55-60 mmHg). In the presence of cardiac and cerebrovascular
disease, in-flight O, saturation of >95% should be aimed. One liter/min O, flow rate
can increase inspired PO, by 20 mmHg [45]. Alternatively a hypoxia-altitude simula-
tion test (HAST) can be used to assess the need for supplemental O, during the flight
and the amount required [45]. HAST is a normobaric test that uses hypoxic breathing
mixture (15% O,) to simulate a cabin altitude of 8,000 ft [45]. Figure 17.1 shows a
simple algorithm for evaluation of need for in-flight supplemental O,.
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Assessment for Air travel or Trip to High Altitude
- Obtain medical history (comorbid conditions)

- Obtain PFT

- Obtain arterial blood gas

e AN

None of the following PaO2 < 70 mmHg or
FEVI1 < 50%

PaO2 > 70 mmHg

FEV1 > 50% i

No hypercapnia Calculate in-flight PaO,

No respiratory acidosis or

No significant CVD Perform HAST

|

Estimated in-flight PaO2 < 55

A

No need for supplemental

0,
y A
Hypercapnia No CVD or Hypercapnia CVD
In-flight In-flight In-flight
02 Sat = 90% 02 Sat > 90% 02 Sat > 95%

PaO2 Arterial pressure of O2

FEV1 Forced expired volume in one second
HAST Hypoxia altitude simulation test
CVD Cardiovascular disease

Fig. 17.1. The flow chart for evaluation of altitude hypoxia.

Preoperative Care of Patient with COPD

Chronic obstructive pulmonary disease (COPD) affects as many as 10% of the world’s
population older than 40 years of age. It is the fourth leading cause of death. COPD
has increasing prevalence and mortality rates and has resulted in substantial human
and economic burden. Post-operative complications in COPD patients can reach 30%
and varies based on the type of procedures and the duration of general anesthesia.
The most frequent life threatening complications include hypoxemia (fatal respiratory
failure), arrhythmia (ACS and/or CHF), hypotension, acute over chronic bronchitis,
pneumonia, and cardiac arrest.

COPD patients not only suffer from many years of smoking addiction but also other
co-morbidities related or unrelated to nicotine use. Depending on the severity of airflow
obstruction of these patients, the type (general vs vascular) surgical procedures, the loca-
tion of incisions (thoracic, abdominal, extremities) and the general anesthesia duration
several key management points need to be addressed prior to an elective procedure.
This requires a passionate, aggressive and collaborative effort of all treating physi-
cians (Primary MD, Pulmonologist, Cardiologist, Anesthesiologist, Pain Specialist
and Surgeon) and nursing staff to create and fulfill an optimal management strategy to
reduce post-operative complications and increase recovery. Experience with major sur-
gical procedures in patients with severe COPD including lung volume reduction surgery
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indicate that preoperative optimization of patient’s health status combined with careful
perioperative strategy results in improved outcome [50-52]. Intraoperative management
of patients with COPD is beyond scope of this chapter and will not be discussed.

Pre-Operative and Perioperative Strategies for Elective Major Surgical
Procedures in COPD Patients

Patients with COPD undergoing an elective surgical procedure should be evaluated
and optimized in advance of the operation. All the members of the management team
including pulmonary, anesthesiology, surgical and rehabilitation practitioners should
evaluate the patient and become familiar with the patients detailed medical history.
Review of comorbid medical and psychiatric conditions are very important as the
prevalence of cardiovascular and psychiatric comorbid conditions are high in COPD
patients. Pre-operative cardiac risk determination, based on American College of
Cardiology guidelines, and optimization of patient’s cardiac status and hypertension
if present may help to reduce risk of peri-operative acute coronary syndrome or CHF.
Arterial blood gas measurement in patients with moderate to severe COPD is helpful to
establish the baseline value. A chest x-ray will help to evaluate for thoracic malignan-
cies as patients with COPD are at increased risk for lung cancer [40].

Preparation of patients for surgery includes optimization of expiratory flow. Long
acting bronchodilators (like tiotropium, salmeterol and formoterol) and combined
beta-agonist/inhaled corticosteroid improve various outcomes including lung func-
tion, exercise capacity and quality of life and reduce exacerbations in patients with
severe COPD. In the immediate perioperative period, short acting beta-agonists (such
as albuterol or salbutamol) and anticholinergics (ipratropium bromide) via nebulizer
can relieve bronchoconstriction and may reduce the risk of pneumonia post opera-
tively [53]. Prophylactic use of systemic corticosteroids may be beneficial in patients
who have received long-term systemic corticosteroids within the past year [54]. Use
of preventive measures for deep vein thrombosis including compression devices and
heparin is recommended [55]. Unfractionated heparin as well as low molecular weight
heparin provides superior prophylaxis compared to compression devices. The decision
to start prophylactic anticoagulation depends on the patient related risk factors [56].
Important risk factors include age over 40 years, previous venous thromboembolism,
obesity, varices, and estrogen use [57]. Another important consideration is prevention
of aspiration of oropharengeal and gastric contents into the lungs. The aspiration can
cause pneumonitis, hypoxia and adult respiratory distress syndrome (ARDS). The
American Society of Anesthesiologists recommends administration of acid suppres-
sants in patients who are at high risk of aspiration [58]. The patients at increased risk
of aspiration include those with increased gastric acid (like patients with gastric ulcer,
gastritis and esophagitis), increased intragastric pressure, gastric or intestinal hypomo-
tility, gastrointestinal structural disorders (such as impaired lower esophageal sphincter
in Hiatal hernia and GERD), impaired gag reflex, epiglottic dysfunction, swallowing
difficulty), neuromuscular incoordination, and depressed sensorium. Further, the place-
ment of nasogastric and endotracheal tubes may predispose patients to aspiration [58].

Severe COPD patients may benefit from a pulmonary rehabilitation before surgery.
Importantly, smoking may increase operative risk and hamper recovery [50], thus,
smoking cessation (2-4 weeks for general and 6—12 weeks prior to thoracic opera-
tions) is very important. Additionally, teaching the patients about chest physiotherapy
and use of incentive spirometry preoperatively may reduce post operative respiratory
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complications [52]. Patient education about the disease and the operation will help to
reduce patients’ anxiety [55].

Post-operative Management of Elective Surgical Procedures in COPD Patients

Main goal in patients with COPD is immediate extubation after completion of surgery
and anesthesia in recovery room. Evaluation of vital signs including blood pressure,
pulse rate, respiratory rate and O, saturation is helpful in planning early extubation.
Serum electrolyte measurements are useful in detecting any electrolyte abnormalities
that may prevent optimum muscle function and hamper successful extubation, as is
hemoglobin measurement in identifying excessive blood loss. In addition, an EKG
will help to identify any possible ischemia in patients with known coronary artery
disease. Some centers continue invasive or non-invasive cardiac output monitoring
during the immediate postoperative period to detect early postoperative deterioration
in cardiorespiratory function.

Due to underlying ventilatory problem in patients with COPD, extubation can be
attempted even in the presence of higher arterial CO, pressure (PaCO,) level. The
proper anesthesia management and an experienced team are crucial for achieving this
goal. Because postoperative shivering increases CO, production and O, consumption,
postoperative shivering in patients with severe COPD may induce a metabolic demand
that is larger than the ventilatory capacity and may lead to acute respiratory failure and
the need for mechanical ventilation [59]. After extubation, positioning the patient in an
upright or semi-upright position may help diaphragm movement and improve efficacy
of spontaneous ventilation [55]. Furthermore, use of non-invasive ventilatory support
should be considered in case of rising PaCO, level after extubation if the patient is
awake. Close attention to prevention of aspiration is crucial at this stage (see above).

Chest wall or abdominal pain after surgical incision impairs proper ventilation and ade-
quate clearing of secretion, which in turn may result in hypoventilation, hypoxia and respi-
ratory failure [59]. Many centers prefer epidural pain control to systemic narcotic use due
to the latter’s effects on control of breathing. In patients with severe COPD, involvement of
a pain expert can improve pain control and reduce the deleterious effects of narcotics.

While the use of postoperative incentive spirometry and chest physiotherapy in
patients undergoing lung resection is commonplace, prospective data examining its
effectiveness is sparse. Varela et al. reviewed clinical outcomes and costs of 119
patients undergoing lobectomy who received incentive spirometry as well as chest
physiotherapy and 520 historical controls who did not receive this care. The study
reported significant reductions in length of stay, atelectasis, and cost in the chest physi-
otherapy group compared to controls [60].

Early postoperative mobilization of patients should be instituted whenever feasible
to help reduce the incidence of atelectasis, minimize use of narcotic analgesics, reduce
recovery time and prevent muscle atrophy.

Summary

COPD patients are at higher risk for peri-operative morbidity and mortality. A well
coordinated team of physicians and supportive staff that can provide a comprehensive
management strategy in peri-operative period will reduce the complications and will
optimize recovery in patients with COPD.
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