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GOLD 2026 REPORT HIGHLIGHTS

The GOLD report is revised annually and has been used worldwide by healthcare professionals as a tool to implement
effective management programs based on local healthcare systems. In the 2026 major revision of the GOLD report several

important changes have been made as follows:

Vi.

Vii.

viii.

Xi.

Xii.

Xiii.

In Chapter 1 the section on the Burden of COPD has been updated with the latest
epidemiological statistics and references.

In Chapter 2 Screening and Case-finding has been updated and two new figures have been
added (Figures 2.8 and 2.9)

Vaccination Recommendations for people with COPD have been updated with the latest
information on RSV and influenza vaccination.

The criteria defining GOLD A, B and E categories have been adjusted due to emerging evidence
from observational studies that even one moderate or severe exacerbation prior to initiating
maintenance pharmacological therapy increases the risk of subsequent events (Figure 3.7, 3.8
and 3.9). The threshold of one moderate exacerbation should now be used to consider
treatment escalation, with the aim of achieving a low disease activity state characterized by no
exacerbations.

A new section on Disease Activity has been included in the report.

The Management Cycle and Treatment Algorithms in Chapter 3-have been further clarified to
emphasize the distinction between INITIAL pharmacological.treatment (for treatment naive
COPD patients) versus FOLLOW-UP pharmacological treatment (for patients on existing
pharmacological treatment regimens) as shown in updated Figures 3.7, 3.8 and 3.9.

A new Figure 3.11 has been added to outline the evidence for the use of Biologic Therapy in
COPD.

Chapter 4 — Exacerbations of COPD has been completely revised, and new figures have been
introduced.

Chapter 5 — Multimorbidity in COPD _has been completely revised, and new figures have been
introduced.

A new Chapter 6 — Artificial Intelligence & Emerging Technologies in COPD has been added.
The GOLD Report has beenre-structured with a significant amount of text and figures moved to
Appendices 1-4 to improve flow and clarity and reduce repetition.

A Table of Abbreviations has been included, and abbreviations are being used throughout the
report to improve-readability.

References have been checked and updated throughout the document.

GOLD has been fortunate to have a network of internationally distinguished health professionals from multiple disciplines.

Many of these experts have initiated investigations into the causes and prevalence of COPD in their countries and have

developed innovative approaches for the dissemination and implementation of the GOLD management strategy. The
GOLD initiative will continue to work with National Leaders and other interested healthcare professionals to bring COPD to
the attention of governments, public health officials, healthcare workers, and the public, to raise awareness of the burden

of COPD and to develop programs for early detection, prevention and approaches to management.

l

| opb—

Alvar G. Agusti, MD Claus Vogelmeier, MD

Chair, GOLD Board of Directors Chair, GOLD Science Committee
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GLOBAL STRATEGY FOR THE DIAGNOSIS, MANAGEMENT
AND PREVENTION OF COPD 2026 UPDATE?

METHODOLOGY

When the Global Initiative for Chronic Obstructive Lung Disease (GOLD) program was initiated in 1998, a goal was to
produce recommendations for management of COPD based on the best scientific information available. The first
report, Global Strategy for the Diagnosis, Management and Prevention of COPD was issued in 2001. In 2006 and again
in 2011 a complete revision was prepared based on published research. These reports, and their companion
documents, have been widely distributed and translated into many languages and can be found on the GOLD website
(www.goldcopd.org).

The GOLD Science Committee® was established in 2002 to review published research on*COPD management and
prevention, to evaluate the impact of this research on recommendations in the GOLD documents related to
management and prevention, and to post yearly updates on the GOLD website. Its members are recognized leaders in
COPD research and clinical practice with the scientific credentials to contribute to.the task of the Committee and are
invited to serve in a voluntary capacity.

This 2026 GOLD Report is the 6th major revision. The 2023 GOLD Report was the 5th major revision of GOLD and
incorporated a reassessment and revision of recommendations for the)diagnosis, assessment and treatment of COPD.
Updates of the 2017-revised report were made in 2018, 2019, 2020,2021 and 2022. Updates of the 2011-revised report
were released in January 2013, 2014, 2015, and 2016.

Process: Toproduce the GOLD report, a PubMed search (National Center for Biotechnology Information, US National
Library of Medicine, Bethesda MD, USA) was completed using search fields established by the Committee: 1) COPD or
Chronic Obstructive Pulmonary Disease (All Fields) AND 2) Clinical Trials or Meta-analysis (All Fields) OR 3) articles in
the top 20 medical or respiratory journals (dvailable on request) or The Cochrane Database of Systematic Reviews.

Publications in peer reviewed journals*not captured by the PubMed searches may be submitted to the Chair, GOLD
Science Committee, providing thefull paper, including abstract, is submitted in (or translated into) English.

Members of the Committee receive a summary of citations and all abstracts. Each abstract is assigned to two unbiased
Committee members,calthough all members are offered the opportunity to provide input on any abstract. Members
evaluate the abstract.or, subject to her/his judgment, the full publication, by answering four specific written questions
from a short questionnaire, to indicate if the scientific data presented impacts on recommendations in the GOLD
report. If so, the member is asked to specifically identify modifications that should be made.

The GOLD Science Committee meets twice yearly to discuss each publication that was considered by at least one
member of the Committee to potentially have an impact on the management of COPD. The full Committee then
reaches a consensus on whetherto include it in the report, either as a reference supporting current recommendations,
or to change the report. In the absence of consensus, disagreements are decided by an open vote of the full

2 The Global Strategy for Diagnosis, Management and Prevention of COPD (updated 2026), the Pocket Guide (updated 2026) and the complete list of references
examined by the Committee is available on the GOLD website: www.goldcopd.org.

b GOLD Science Committee Members (2025-2026): C. Vogelmeier, Chair, S. Aaron, A. Agusti, A. Anzueto, J. Bourbeau, G. Criner, D. Halpin, M. Han, F. Martinez, M.
Montes de Oca, O. Ozoh, A. Papi, |. Pavord, N. Roche, D. Sin, D. Singh, T. Troosters, J. Wedzicha, J. Zheng.
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Committee. Only high-quality systematic reviews and meta-analyses that provide strong evidence for changing clinical
practice are cited in the GOLD report with preference given to citing the original randomized controlled trial(s).

Recommendations by the GOLD Committee for use of any medication are based on the best evidence available from
the published literature and not on labeling directives from government regulators. The Committee does not make
recommendations for therapies that have not been approved by at least one major regulatory agency.

NEW REFERENCES

The GOLD 2026 report is a major revision of the previous years’ reports. Following systematic literature searches and
double-blind review by the GOLD Science Committee, the GOLD report has been updated to include key peer-reviewed
research publications from January 2024 to July 2025. In total, 338 new references have been added to the GOLD 2026
report.

ABBREVIATIONS

The abbreviations are expanded in Appendix 1.

Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer Vi
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GLOBAL STRATEGY FOR THE DIAGNOSIS, MANAGEMENT,
AND PREVENTION OF COPD

INTRODUCTION

The aim of the GOLD Report is to provide a non-biased review of the current evidence for the assessment, diagnosis
and treatment of people with COPD. One of the strengths of GOLD reports is the treatment objectives. Treatment
objectives are organized into two groups: objectives that are directed towards relieving and reducing the impact of
symptoms, and objectives that reduce the risk of adverse health events that may affect the patient at some point in
the future (exacerbations are an example of such events). This emphasizes the need for clinicians to focus on both the
short-term and long-term impact of COPD on their patients.

Simple and reliable questionnaires designed for use in routine daily clinical practice are availablé in many languages.
This has enabled an assessment system to be developed that draws together a measure of thé impact of the patient’s
symptoms and an assessment of the patient’s risk of having a serious adverse heéalth event. This management
approach can be used in any clinical setting anywhere in the world and moves COPD-treatment towards individualized
medicine — matching the patient’s therapy more closely to his or her needs.

BACKGROUND

COPD is now one of the top three causes of death worldwide and nearly 90% of these deaths occur in LMICs.%2 More

i et

than 3 million people died of COPD in 2021 accounting for. 5% of all deaths globally.®) COPD represents an important
public health challenge that is both preventable and treatable. COPD is a major cause of chronic morbidity and
mortality throughout the world; many people suffer from this disease for years and die prematurely from it or its
complications. Globally, the COPD burden is projected to increase incoming decades because of continued exposure
to COPD risk factors and aging of the population.®

In 1998, with the cooperation of thec<NHLBI, NIH and the WHO, GOLD was implemented. Its goals were to increase
awareness of the burden of CORD.and to improve prevention and management of COPD through a concerted
worldwide effort of people involved in all facets of healthcare and healthcare policy. An important and related goal
was to encourage greater résearch interest in this highly prevalent disease.

In 2001, GOLD releasedits first report, Global Strategy for the Diagnosis, Management, and Prevention of COPD. This
report was not intended to be a comprehensive textbook on COPD, but rather to summarize the current state of the
field. It was developed by individuals with expertise in COPD research and patient care and was based on the best-
validated concepts of COPD pathogenesis at that time, along with available evidence on the most appropriate
management and prevention strategies. It provided state-of-the-art information about COPD for pulmonary specialists
and other interested physicians and served as a source document for the production of various communications for
other audiences, including an Executive Summary, a Pocket Guide for Healthcare Professionals, and a Patient Guide.

Immediately following the release of the first GOLD report in 2001, the GOLD Board of Directors appointed a Science
Committee, charged with keeping the GOLD documents up to date by reviewing published research, evaluating the
impact of this research on the management recommendations in the GOLD documents, and posting yearly updates of
these documents on the GOLD website.

In 2018 GOLD held a one-day summit to consider information about the epidemiology, clinical features, approaches
|Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer| 1




to prevention and control, and the availability of resources for COPD in LMICs.) Major conclusions of the summit
included that: there are limited data about the epidemiological and clinical features of COPD in LMICs but the data
available indicate there are important differences in these features around the world; there is widespread availability
of affordable tobacco products as well as other exposures (e.g., household air pollution) thought to increase the risk
of developing COPD; diagnostic spirometry services are not widely available and there are major problems with access
to affordable quality-assured pharmacological and non-pharmacological therapies. GOLD is therefore concerned that
COPD is not being taken seriously enough at any level, from individuals and communities, to national governments
and international agencies.® It is time for this to change and the GOLD Board of Directors challenge all relevant
stakeholders to work together in coalition with GOLD to address the avoidable burden of COPD worldwide. GOLD is
committed to improving the health of people at risk of and with COPD, wherever they happen to have been born, and
wishes to do its bit to help achieve the United Nations Sustainable Development Goal 3.4 to reduce premature
mortality from non-communicable diseases - including COPD - by one third by 2030.®

LEVELS OF EVIDENCE

Levels of evidence have been assigned to evidence-based recommendations where appropriate (Table A). Evidence

-

levels are indicated in boldface type enclosed in parentheses after the relevant statement e.g., (Evidence A). The
methodological issues concerning the use of evidence from meta-analyses were carefully considered when i)
treatment effect (or effect size) was consistent from one study to the next,"and we needed to identify the common
effect; ii) the effect varied from one study to the next, and there was a need to identify the reason for the variation.
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Description of Levels of Evidence

Evidence Category

Sources of Evidence

Randomized controlled
trials (RCTs)

Definition

Evidence is from endpoints of well-designed RCTs that
provide consistent findings in the population for which
the recommendation is made without any important
limitations.

Rich body of high
quality evidence
without any significant
limitation or bias

Requires high quality evidence from = 2 clinical trials
involving a substantial number of subjects, or a single
high quality RCT involving substantial numbers of patient
without any bias.

Randomized controlled
trials (RCTs) with
important limitations

Evidence is from RCTs that include only alimited number of
patients, post hoc or subgroup analyses of RCTs or meta-
analyses of RCTs.

Limited body of
evidence

Also pertains when few RCTs/exist, or important limitations
are evident (methodological flaws, small numbers, short
duration, undertaken in"a population that differs from the
target population of the recommendation, or the results
are somewhat.inconsistent).

Non-randomized trials

Observational studies

Evidencge.is‘from outcomes of uncontrolled or non-
randemized trials or from observational studies.

Panel consensus
judgment

Provision of guidance is deemed valuable but clinical
literature addressing the subject is insufficient.

Panel consensus is based on clinical experience or
knowledge that does not meet the above stated criteria.
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CHAPTER 1: DEFINITION AND OVERVIEW

KEY POINTS:

Definition

e COPD is a heterogeneous lung condition characterized by chronic respiratory symptoms (dyspnea,
cough, sputum production and/or exacerbations) due to abnormalities of the airways (bronchitis,
bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive, airflow obstruction.

Causes and risk factors

e COPD results from gene(G)-environment(E) interactions occurring over the lifetime(T) of the individual
(GETomics) that can damage the lungs and/or alter their normal development/aging processes.

e The main environmental exposures leading to COPD are tobacco smoking and the inhalation of toxic
particles and gases from household and outdoor air pollution, but other environmental and host factors
(including abnormal lung development and accelerated lung aging) can also contribute.

Diagnostic criteria

e In the appropriate clinical context (see ‘Definition” & ‘Causes and Risk Faetors’ above), the presence of
non-fully reversible airflow obstruction (i.e., FEV1/FVC < 0.7 post-hronchodilation) measured by
spirometry confirms the diagnosis of COPD.

Clinical presentation

e Patients with COPD typically complain of dyspnea, activity-dimitation and/or cough with or without
sputum production, and may experience acute respiratory events characterized by increased respiratory
symptoms called exacerbations that require specific preventive and therapeutic measures.

e Patients with COPD frequently harbor other comorbid diseases that influence their clinical condition and
prognosis and require specific treatment. These comorbid conditions can mimic and/or aggravate an
acute exacerbation.

New opportunities

e COPD isacommon, preventable, and‘treatable disease, but extensive under-diagnosis and misdiagnosis
leads to patients receiving no tfeatment or incorrect treatment. Appropriate and earlier diagnosis of
COPD can have a very signifiéant public-health impact.

e The realization that envirenmental factors other than tobacco smoking can contribute to COPD, that it
can start early in lifecand affect young individuals, and that there are precursor conditions (pre-COPD,
PRISm), opens néw-'windows of opportunity for its prevention, early diagnosis, and prompt and
appropriate thérapeutic intervention.

WHAT IS COPD?

COPD is a heterogeneous lung condition characterized by chronic respiratory symptoms (dyspnea, cough, sputum
production and/or exacerbations) due to abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli
(emphysema) that cause persistent, often progressive, airflow obstruction.®

COPD results from gene(G)-environment(E) interactions occurring over the lifetime(T) of the individual (GETomics)
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that can damage the lungs and/or alter their normal development/aging processes.®

The main environmental exposures leading to COPD are tobacco smoking and the inhalation of toxic particles and
gases from household and outdoor air pollution, but other environmental®19 and host factors (including abnormal
lung development and accelerated lung aging) can also contribute.®

Cigarette smoking

Cigarette smoking is a key environmental risk factor for COPD. Cigarette smokers have a higher prevalence of
respiratory symptoms and lung function abnormalities, a greater annual rate of decline in FEV1, and a greater COPD
mortality rate than non-smokers.) Onset of smoking in childhood, prior to age 15, has been found to increase the
relative risk of developing COPD, independent of cigarette pack-years and smoking duration.(® Most COPD studies
have included patients with a minimum cigarette exposure of 10 pack-years. However, one study has suggested that
even at a reduced smoking exposure (< 10 pack-years) the 5-year risk of developing COPD is increased in middle-aged
adults, and these individuals have an increased risk of severe exacerbation and early death.®® Yet fewer than 50% of
heavy smokers develop COPD!4 and it is estimated that half of all COPD cases worldwide are’dué to risk factors other
than tobacco so other pathogenic factors beyond smoking need to be considered.9

Genetics modify the risk of COPD in smokers, but there may also be other risk factats involved. For example, gender
and social pressure may influence whether a person takes up smoking or experiences certain occupational or
environmental exposures; socioeconomic status may be linked to birthweight (which may impact lung growth and
development, and in turn susceptibility to developing COPD);*® and longer life expectancy will allow greater lifetime
exposure to risk factors.

Other types of tobacco (e.g., pipe, cigar, water pipe)&18 andymarijuana® are also risk factors for COPD. Passive
exposure to cigarette smoke, also known as environmental tobacco smoke and second-hand smoking, may also
contribute to respiratory symptoms and COPD, @Y especially after long-term exposure.?) Data derived from the GBD
2021, showed that globally, ischemic heart disease, COPD, and lower respiratory infections were the three leading
causes of second-hand smoke-attributable numbers of deaths and DALYs for both sexes.?? Smoking during pregnancy
poses a risk for the fetus, by altering lung growth and development in utero, and possibly priming the immune system
by inducing specific epigenetic changes:Z\This is a good example of the GETomics approach discussed above. The
fetus exposed to ‘passive smoking’ is likely to respond differently to a second GxE hit later in life.®

Biomass exposure

Tobacco smoking has been!recognized as a major risk factor associated with COPD for over five decades, but this was
largely because most—research was conducted in high income countries. As more studies from LMICs were
conducted,® it has\become apparent that non-smoking risk factors are more important in these parts of the world.
Whilst tobacco smoking remains the leading risk factor for COPD in high income countries, accounting for over 70% of
the cases, in LMICs tobacco smoking contributes to around 30% to 40% of the total burden.®® Because the LMICs
together contribute to over 85% of the total burden of COPD globally, non-smoking risk factors now contribute to over
50% of the global burden of COPD.19

Wood, animal dung, crop residues, and coal, typically burned in open fires or poorly functioning stoves, may lead to
very high levels of household air pollution.®) Household air pollution exposure is associated with an increased risk of
developing COPD in LMICs®@® although the extent to which household air pollution versus other poverty-related
exposures explain the association is unclear.?-32 However, there is limited research about household air pollution
related COPD or the interventions that could reduce the risk of developing it.€® Based on a systematic review, the use
of gas for heating and cooking reduced the risk of COPD and other respiratory diseases and may be considered as a

transitional fuel option in areas where clean fuel (electricity) is not readily available.@%

|Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer| 5




Occupational exposures

Occupational exposures, including organic and inorganic dusts, chemical agents and fumes, are an under-appreciated
environmental risk factor for COPD.®529) |ndividuals with exposure to inhalation of high doses of pesticides have a
higher incidence of respiratory symptoms, airways obstruction and COPD.%38) A study of the population-based UK
Biobank Cohort identified occupations including sculptors, gardeners and warehouse workers that were associated
with an increased COPD risk among never-smokers without asthma.®® A cross-sectional observational study
demonstrated that self-reported exposure to workplace dust and fumes is associated with not only increased airflow
obstruction and respiratory symptoms, but also more emphysema and gas trapping, as assessed by computed
tomography scan, in both men and women.“#® An analysis of the large US population-based National Health and
Nutrition Examination Survey lll survey of almost 10,000 adults aged 30-75 years estimated the fraction of COPD
attributable to workplace exposures was 19.2% overall, and 31.1% among never-smokers.4!) These estimates are
consistent with a statement published by the ATS that concluded that occupational exposures account for 10-20% of
either symptoms or functional impairment consistent with COPD.“#2 The risk from occupational exposures in less
regulated areas of the world is likely to be much higher than reported in studies from Europe and North America.

Air pollution

Air pollution typically consists of particulate matter, ozone, oxides of nitrogen or.sulfur, heavy metals, and other
greenhouse gases, and is a major worldwide cause of COPD, responsible for approximately 50% of the attributable risk
for COPD in LMICs.®? In never smokers, air pollution is the leading known risk factor for COPD.“% Data from China
from the GBD Study (2021) showed that while smoking was a major risk factor for COPD in men, ambient particulate
matter pollution had a greater impact on women and younger adults (30-34 years).4% The respiratory risk of air
pollution to individuals is dose-dependent with no apparent “safe” thresholds. Even in countries with low ambient air
pollution levels, chronic exposure to PM2.5 and nitrogen dioxides  significantly impairs lung growth in children,“®
accelerates lung function decline in adults and increases the risk/for COPD, especially among those with additional risk
factors for COPD.“? Poor air quality from air pollution also‘increases the risk of exacerbations, hospitalizations and
mortality.“850 A study among the population residing near a coke plant at the time of its closure found a 19% reduction
in the risk of long-term hospitalizations due to COPD and related diseases in the population after closure (annual
hospitalization IRR 0.81; 95% CI 0.69,0.94).%Y) These results suggest that reducing exposure to fossil fuel-related air
pollution produces both short- and long-term respiratory health benefits.®) Thus, reduction in both indoor and
outdoor air pollution is a key goal in the prevention and management of COPD.

Genetic factors

The most relevant (albeit epidemiologically rare) genetic risk factor for COPD identified to date is mutations in the
SERPINA1 gene, leading to\AATD, but other genetic variants, with a low individual effect size, are associated with
reduced lung function(and risk of COPD too.52

A significant familial risk of airflow obstruction has been observed in people who smoke and are siblings of patients
with COPD who had irreversible airflow obstruction with a reduced gas transfer factor,®® suggesting that genetics (in
combination with environmental risk factors) could influence this susceptibility. The best documented genetic risk
factor for COPD are mutations in the SERPINA1 gene that leads to the hereditary deficiency of a-1 antitrypsin,®® a
major circulating inhibitor of serine proteases. Although AATD is relevant to only a small part of the world’s population,
it illustrates the interaction between genes and environmental exposures that predispose an individual to COPD. A
systematic review of 20 studies in European populations found AATD PiZZ genotypes in 0.12% of patients with COPD
(range 0.08-0.24%), and a prevalence ranging from 1 in 408 in Northern Europe to 1 in 1,274 in Eastern Europe.(®®

There has been a long-standing controversy concerning the risk of heterozygotes (MZ and SZ) for the development of
COPD. This has largely reflected acquisition bias but is of critical importance due to the large numbers of such
individuals worldwide® who may potentially benefit from augmentation therapy. Careful sibling studies®Z8)
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indicated no increased risk in these heterozygotes in the absence of smoking, although lung function was reduced in
smokers compared to MM siblings. This likely reflects the presence of low concentrations of the Z AAT protein rather
than an absolute lack,®® and is not an indication for augmentation therapy (discussed in more detail in Chapter 3).

To date, hundreds of genetic variants associated with reduced lung function and risk of COPD have been identified
(albeit epidemiologically rare), including genes encoding matrix metalloproteinase 12, glutathione S-transferase, the
alpha-nicotinic acetylcholine receptor, and the hedgehog interacting protein.28) Yet, their individual effect size is
small,52 and it remains uncertain whether these genes are directly responsible for COPD or are merely markers of
other causal genes. €2

In the appropriate clinical context (See ‘Definition’ and ‘Causes and Risk Factors’ above), the presence of non-fully
reversible airflow obstruction (FEV1/FVC < 0.7 post-bronchodilation) measured by spirometry confirms the diagnosis
of COPD.

Yet, some individuals may present with structural lung lesions (e.g., emphysema) and/or physiological abnormalities
(including low FEV1, gas trapping, hyperinflation, reduced lung diffusing capacity and/or rapid FEV1 decline) without
airflow obstruction (FEV1/FVC > 0.7 post-bronchodilation). These subjects are labeled ‘pre-COPD’. The term ‘PRISm’
has been proposed to identify those with normal ratio but abnormal spirometry. Subjects with pre-COPD or PRISm are
at risk of developing airflow obstruction over time, but not all of them do.,®.5% Research is needed to determine what
is the best treatment for these individuals (beyond smoking cessation):

Patients with COPD typically complain of dyspnea, wheezing;-chest tightness, fatigue, activity limitation, and/or cough
with or without sputum production, and may experience acute events characterized by increased respiratory
symptoms called exacerbations that influence their health status and prognosis, and require specific preventive and
therapeutic measures.

Patients with COPD frequently harbor other comorbid diseases that also influence their clinical condition and
prognosis and require specific treatment. These comorbid conditions can mimic and/or aggravate an acute
exacerbation.

COPD is a common, preventable, and treatable disease, but extensive under- and misdiagnosis leads to patients
receiving no, or incorrect, treatment. The realization that environmental factors other than tobacco smoking can
contribute to COPD, that it can start early in life and affect young individuals, and that there are precursor conditions
(pre-COPD, PRISm), opens new windows of opportunity for its prevention, early diagnosis, and prompt and appropriate
therapeutic intervention.(®

BURDEN OF COPD

COPD is a leading cause of morbidity and mortality worldwide with an economic and social burden that is both
substantial and increasing.”%%% COPD prevalence, morbidity and mortality vary across countries,7%7375 and although
it is often directly related to the prevalence of tobacco smoking, in many countries outdoor, occupational and
household air pollution (resulting from the burning of wood and other biomass fuels) are important COPD risk factors.
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The number of COPD cases globally is projected to increase over the coming decades, approaching nearly 600 million
COPD patients by 2050 and the increase will be greater among women and in LMICs.72 This is due to a combination
of continued exposure to COPD risk factors and an increase in both the total number and average age of the world’s
population.(%23)

Information on the burden of COPD can be found on international websites, such as the WHO® and the World
Bank/WHO GBD Study.5

Existing COPD prevalence data vary widely due to differences in survey methods, diagnostic criteria, and analytical
approaches.

In the past two decades, BOLD, PLATINO and GBD collaborators have pioneered efforts to collect country-specific
population-based data on prevalence and risk factors for COPD, providing updates on global estimates of deaths,
prevalence, and DALYs.(Z07377-80)

GBD data include margins of error, are internally consistent with mortality and other health indicators, and help assess
trends in COPD and risk factors over time worldwide since 1990, even in countries'without adequate health statistics,
as well as the potential impact of different prevention and treatment strategies on health outcomes. The GBD
collaborators have combined data from various sources in complex statistical models.”>7% However, GBD COPD
burden estimates appear to be inconsistent with other epidemiological studies based on spirometric measurements
and may underestimate the true burden of COPD.”® Disparities between the GBD and other epidemiological surveys
or meta-analyses on prevalence may lie primarily in the use of different definitions of COPD, the inclusion of the entire
population (people aged > 15 years) in the GBD, and the adoptioh of different methods for building predictive models.

The 2021 GBD data estimates a total of 213.39 million cases of COPD of all ages, which represents a prevalence of
2.7% (2.5 age-standardized prevalence per 100,000) a change of -1.46% since 1990.79 A higher total number of female
COPD patients and a higher age-standardized prevalence of male COPD patients was observed from 1990 to 2021.(073)
High-income North America and South Asia‘had the highest age-standardized prevalence of COPD, with more than
3,000 cases per 100,000 people. The lowest age-standardized prevalence was reported in southern Latin America and
high-income Asia Pacific.(’9

A systematic review and modeling study that included data from population-based studies using spirometric
measurements for the diagnosis of COPD in 65 countries estimated a global prevalence of COPD in 2019 in people
aged 30-79 years of 10:3%, which translates to 392 million people with COPD worldwide, the majority (315 million,
80.5%) living in LMICs./™) After considering the demographic characteristics (age, sex, and population distribution), the
overall prevalence of GOLD-COPD was slightly higher in LMICs (10.3%) than in HICs (10.1%).) Worldwide, the COPD
prevalence in men was more than double that in women in the same age range (14.1% vs. 6.5%).) The overall
prevalence of GOLD-COPD was highest in the Western Pacific region (11.7%) and lowest in the Americas (6.8%). The
ten countries with the highest number of COPD cases are: China, India, Indonesia, USA, Bangladesh, Japan, Pakistan,
Russia, Vietnam, and Germany, accounting for 255 million (65.2%) of global COPD cases in 2019.) Figure 1.1 shows
a summary of COPD prevalence according to different sources.

Of note, the lowest estimates of COPD prevalence are those based on the self-reporting of a diagnosis of COPD, or
equivalent condition. For example, most national data show that < 6% of the adult population have been told that
they have COPD.®D This is likely to be a reflection of the widespread under-recognition and under-diagnosis of
COPD.®2 A study using data from 30,874 participants in several epidemiological surveys indicates that COPD
underdiagnosis is universally high, estimating that, overall, 81.4% of COPD cases (defined spirometrically) are
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undiagnosed. Global determinants of COPD underdiagnosis were male sex, younger age, current and never smoking,
lower educational, absence of reported symptoms, no previous spirometry, and less severe airflow limitation.®2

Estimated COPD Prevalence According to Different Sources

Figure 1.1

Population-
GBD GBD based study Other sources
2019° 2021° 2019° 2020¢
Prevalence
2.6 2.5 10.3 10.6
(%)
Number of cases 212 213 392 479

(per million)

References: ?Safiri et al. BMJ 2022;378:e069679; bWang et al. Respir Res 2025;26:2; “Adeloye et al.
Lancet Respir Med 2022;10:447-458; 9Boers et-al> JAMA Netw Open 2023;6:E2346598.

A number of systematic reviews and meta-analyses provide evidence that the prevalence of COPD is appreciably higher
in smokers and ex-smokers compared to_ hon-smokers, in those > 40 years of age compared to those < 40, and in men
compared to women. (€385

Morbidity measures traditionally include physician visits, emergency department visits, and hospitalizations.
Morbidity due to COPD increases with age,”28) and in patients with COPD the development of comorbidities is seen
atan earlier age than.in the general population.®8) Morbidity in COPD may also be influenced by concomitant chronic
conditions (e.g., cardiovascular disease, musculoskeletal impairment, diabetes mellitus)®® that are related to smoking,
aging and/or COPD.&?

COPD is the third leading cause of death worldwide.” Data from the GBD study estimated that the number of COPD-
attributable deaths increased from 2.50 million in 1990 to 3.72 million in 2021, with an age-standardized mortality of
45.22 per 100,000, a decrease of 37.1% since 1990.7% East Asia, South Asia, and Southeast Asia had the highest number
of deaths (1.32; 1.23; and 0.23; million, respectively).®

Smoking contributes to 35% of the COPD deaths globally (51% in men and 15% in women), followed by outdoor and
household air pollution.® Global data also demonstrate reductions in death rates across all leading COPD risk factors.
The age-standardized death rate from COPD attributed to smoking has significantly decreased in all countries, with
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HMICs showing the largest decreases.”™ In LICs household air pollution is the leading risk factor in both sexes for age-
standardized death rate.(”®

Although age-standardized COPD mortality rates have decreased globally since 1990, the total number of COPD
deaths, people living with the disease (prevalence), and the overall health burden (DALYs) of COPD have increased
substantially, with direct effects on health systems worldwide.”@ |t is estimated that the increased prevalence of
smoking in LMICs coupled with aging populations in high-income countries will result in over 5.4 million annual deaths
from COPD and related conditions by 2060.%

The WHO publishes mortality statistics for selected causes of death annually for all WHO regions.@) However, data
must be interpreted with caution because of the inconsistent use of COPD terminology. In the ICD-10, deaths from
COPD or chronic airways obstruction are included in the broad category of “COPD and allied conditions” (ICD-10 codes
142-46).

Under-recognition and under-diagnosis of COPD reduces the accuracy of mortality data.® Furthermore, the accuracy
of COPD diagnosis codes recorded in administrative health databases is also uncertain/22) |n some jurisdictions,
reliance on administrative health data, particularly those that only record hospitalizations, may underestimate the
burden of COPD.© The reliability of recording of COPD-related deaths in mortality{ata is also problematic. Although
COPD is often a primary cause of death, it is more likely to be listed as a contributory cause of death or omitted from
the death certificate entirely.(®)

COPD is associated with a significant economic burden. In the EU, the total direct costs (excluding indirect costs, such
as the economic value of care provided by family members).'of respiratory disease are estimated to be about 6% of
the total annual healthcare budget, with COPD accounting for 56% (38.6 billion Euros) of the cost of respiratory
disease.®) In the US the costs attributable to COPD areexpected to increase over the next 20 years, with projected
costs of $800.90 billion or $40 billion per year.82) Another projections study using the GBD database, WHO, and
meta-analysis indicates that globally by 2050,the direct costs related to COPD are estimated to be $24.35 trillion (a
relative growth of 526% compared to 2025); indirect costs are estimated to be $15.43 trillion (a relative growth of
518% compared to 2025), and exacerbatiens are estimated to be $15.60 billion (a relative growth of 584% compared
with 2025).0%) Exacerbations account'for the greatest proportion of the total COPD burden on the healthcare
system.1%) Not surprisingly, there’is a striking direct relationship between the severity of COPD and the cost of care,
and the cost distribution changes’as the disease progresses. For example, hospitalization and ambulatory oxygen costs
soar as COPD severity increases. Any estimate of direct medical expenditure for home-based care under-represents
the true cost of home-based care to society because it ignores the economic value of the care provided by family
members to people'with COPD.

In LMICs, both direct and indirect medical costs may be substantial. The WHO and other organizations suggest that
inhaled medicines for COPD are poorly available and largely unaffordable in LMICs."%) Most inhaled medications are
still branded and there are few options currently available for generic inhalers. The situation is similar for access to
diagnostic spirometry. Because the healthcare sector might not provide long-term supportive care services for severely
disabled individuals, COPD may force at least two individuals to leave the workplace — the affected individual and a
family member who must now stay home to care for their disabled relative.1% Since human capital is often the most
important national asset for LMICs, the indirect costs of COPD may represent a serious threat to their economy.

Since mortality offers only a limited perspective on the human burden of a disease, it is desirable to find other
measures of disease burden that are consistent and measurable within and between nations. The GBD study designed
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a method to estimate the fraction of mortality and disability attributable to major diseases and injuries using a
composite measure of the burden of each health problem: the DALY."%) The DALY for a specific condition is the sum
of years lost because of premature mortality and years of life lived with disability, adjusted for the severity of disability.
The GBD 2019 estimated a COPD DALY rate of 926.1 per 100,000, and GBD 2021 estimated it to be 940.7 per
100,000.17%1%5) According to the GBD Study, COPD was the primary driver of increased DALYs worldwide, especially in
LMICs. Predictions indicated that in 2022, COPD DALYs will rank sixth, but by 2050, are expected to rise to the fourth
position.(7%1%) |n 2021, the number of DALYs for COPD was estimated to be 79.8 million, with an age-standardized
DALYs rate of 940.7 per 100,000, a decrease of 36.98% since 1990.7% East Asia, South Asia, and Southeast Asia had
the highest DALYs (24.39, 28.01, and 5.56 million, respectively).”? Although East Asia had a higher age standardized
COPD DALYs from 1990 to 2021, it’s important to highlight that this region also had a significant decline in COPD-
related deaths and DALYs during the same period. Taking China as an example, the country implemented various
measures over the past 30 years to reduce burden due to COPD. These measures included reducing smoking rates,
decreasing the use of fossil fuels to improve air quality, promoting clean energy sources, encouraging environmentally
friendly practices, and improving access to quality healthcare for early diagnosis and treatment (7073

PATHOGENESIS

COPD is the end-result of complex, cumulative and dynamic gene-environment interactions over the lifetime that can
damage the lungs and/or alter their normal developmental or aging processes.® Understanding the relationships and
interactions between the genetic (G) background of the host and varied environmental (E) risk factors over the lifetime
(T) requires further investigation.®19 According to this GETomics proposal, the end result of a given GxE interaction
depends not only on G and E, but also on T, as determined by both-the age of the individual at which that particular
interaction occurs (development vs aging) and the previous)history of GxE interactions that the individual has
encountered earlier in her/his life (biological memory).®

4

At birth, the lungs are not fully developed. They\grow and mature until about 20-25 years of age (earlier in females),
when lung function reaches its peak (Figured:2).") This is followed by a short plateau and a final phase of mild lung
function decline due to physiological lung aging.™ This constitutes the normal lung function trajectory in Figure
1.2.4%) This normal lung function trajectory can be altered by processes occurring during gestation, birth, childhood,
and adolescence that affect lung'growth (hence, peak lung function) and/or processes shortening the plateau phase
and/or accelerating the aging phase (hence accelerating the normal rate of lung function decline with age).(19-111)

As aresult, a given individual may follow one of a range of potential lung function trajectories through her/his lifetime,
both below and above the normal one (Figure 1.2). It is now well established that those above the normal trajectory
are associated with healthier aging®'? whereas those below it have an increased prevalence and incidence of
respiratory, cardiovascular and metabolic diseases and premature death.®7113 From this perspective, spirometry can
be considered a marker of global health. In fact, free downloadable software to monitor spirometry over time can now
be accessed from the ERS website (gli-calculator.ersnet.org/lung_tracker/).(114:115)

Spirometrically-measured reduced maximal attained lung function can identify individuals who are at increased risk
for the development of COPD.M&117) A |arge study and meta-analysis confirmed a positive association between
birthweight and FEV1 in adulthood.® Factors in early life termed “childhood disadvantage factors” are key
determinants of lung function in adult life.(18128) One study in three independent longitudinal cohorts (Framingham,
Copenhagen and Lovelace) found that approximately 50% of patients developed COPD due to accelerated decline in
FEV1 over time (the traditional Fletcher and Peto model),120) while the other 50% developed COPD due to abnormal
lung growth and development (with normal lung function decline over time; Figure 1.2).01%)
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FEV1 Trajectories (TR) Over the Life Course

Figure 1.2
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Age is often listed as a risk factor for COPD because there is a physiological decline in lung function with age. Yet, it is
unclear whether healthy aging as such leads to COPD or if age reflects the sum of cumulative exposures throughout
life.128) However, aging of the airways and parenchyma mimic some of the structural changes associated with
COPD,!28) and there is evidence of accelerated aging in patients with COPD.2) A prospective study showed an
association between accelerated telomere shortening (a marker of accelerated aging) and progressive worsening of
pulmonary gas exchange, lung hyperinflation and extrapulmonary affection in patients with COPD who were followed
over 10 years.2) Further, persistently shorter telomeres over this observation time increase the risk for all-cause
mortality.129) Age-related epigenetic changes in DNA in immune cells are also associated with increased risk of
exacerbations and mortality in patients with COPD.(124.130.131)
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The term dysanapsis refers to an anthropometric mismatch of airway tree caliber relative to lung volume.(132133) |t was
first proposed by Green and colleagues in 1974 from maximal expiratory airflow variation among healthy adults.9
There are still major gaps in our understanding of the origins and clinical implications of dysanapsis, but recent
research using CT has shown that: (1) it is common in the general population;12123134) (2) jt js associated with
FEV1/FVC from early adulthood;™3® (3) in explanted lungs from adult healthy donors, central airway dysanapsis
(detectable by CT) extended to peripheral airways (non-visible on CT);139 (4) dysanapsis is associated with baseline
airflow obstruction and risk of incident COPD independently of age, sex, height and race-ethnicity, but not with lung
function decline over time.(2) This observation is consistent with the trajectory of low peak lung function in early
adulthood followed by normal lung function decline that accounts for 50% of COPD in older adults;1% (5) a
computational study of airway tree fluid dynamics and an in vivo study of regional lung ventilation suggest that
dysanapsis may contribute to obstructive lung disease pathophysiology and deposition of aerosolized drugs;‘36-138)
and, (6) the mechanisms contributing to the development of dysanapsis are not well understood. It is not clear
whether it is due to genetic predisposition, in utero exposures to noxious particulates or pathogens, premature birth,
low birth weight, neonatal lunginjury, repeated respiratory infections in early life or a combination of them, but factors
affecting airway tree growth early in life12121.123) gnd factors affecting airway tree homeostasis later in life have been
implicated.22122) Of note, investigating the etiology of dysanapsis earlier in life will require-radiation-free (or lower-
dose radiation) methods in order to quantify lung structure in children.

The fact that COPD can result from reduced peak lung function in early adulthood and/or accelerated lung function
decline later in ife1®139) gpens novel opportunities for prevention, and-&arlier diagnosis and treatment of the
disease® but, at the same time, has generated several nosological tefms that require proper definition to avoid
confusion and facilitate future research.(49

Early COPD

The word “early” means “near the beginning of a process®. Because COPD can start early in life and take a long time
to manifest clinically, identifying “early” COPD is difficult.Further, a biological “early” related to the initial mechanisms
that eventually lead to COPD should be differentiated from a clinical “early”, which reflects the initial perception of
symptoms, functional limitation and/or structural@bnormalities noted. Thus, we propose to use the term “early COPD”
only to discuss the “biological” first steps ofithe disease in an experimental setting.

Mild COPD

Some studies have used “mild” airflow obstruction as a surrogate for “early” disease.®™ This assumption is incorrect
because not all patients started their journey from a normal peak lung function in early adulthood, so some of them
may never suffer “mild” disease in terms of “severity” of airflow obstruction."® Further, “mild” disease can occur at
any age and may progress or not over time.39 Accordingly, we propose that “mild” should not be used to identify
“early” COPD and used only to describe the severity of airflow obstruction measured spirometrically.

Young COPD

The term “young COPD” is seemingly straightforward because it directly relates to the chronological age of the patient.
Given that lung function peaks at around 20-25 years,™ we propose to operationally consider “young COPD” in
patients aged 20-50 years.(142143) Of note, this can include patients who had never achieved normal peak lung function
in early adulthood and/or those with shorter plateau and/or early lung function decline.!4414% Young COPD may be
associated with significant structural and functional lung abnormalities (i.e., young COPD is not necessarily
synonymous with “mild” COPD) that can have a substantial impact on health and, importantly, is frequently not
diagnosed and thus not treated. A family history of respiratory diseases and/or early-life events (including
hospitalizations before the age of 5 years) is reported by a significant proportion of young patients with COPD, further
supporting the possibility of early-life origins of COPD.(140.145)
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Pre-COPD

This term has been recently proposed to identify individuals (importantly, of any age) who have respiratory symptoms
and/or other detectable structural and/or functional abnormalities, in the absence of airflow obstruction on forced
spirometry.(49) These patients may (or not) develop persistent airflow obstruction (i.e., COPD) over time.(0 A 2022
publication highlighted the need for RCTs, both in patients with ‘pre-COPD’, and in young people with COPD.(€?)

PRISmM

The term PRISm describes individuals with preserved ratio (FEV1/FVC > 0.7 after bronchodilation) but impaired
spirometry (FEV1 < 80% of reference, after bronchodilation).©148) The prevalence of PRISm in population-based
studies ranges from 7.1% to 11%4%152) and from 10.4% to 11.3% in a selected population of current and former
smokers such as the COPDGene cohort."® The prevalence of PRISm is particularly high in current and former smokers,
and it is associated with both high and low BMI values, female sex, obesity and multimorbidity.(4%152) PRISm is
associated with increased risk of: respiratory symptoms; cardiopulmonary disease; all-cause and cardiovascular
mortality; hospitalization; and an increased risk of developing airways obstruction.(149.150,152,154-158)

PRISm is not always a stable phenotype and can transition to both normal and obstructed 'spirometry over time. It has
been reported that around 20% to 30% of PRISm subjects transitioned to obstructed spirometry over time and the
most important predictors of transition from PRISm spirometry to COPD are lower-baseline FEV1%, and FEV1/FVC,
higher age, current smoking, female gender, and a longer forced expiratory time in the second assessment. (150,152,153
Despite an increasing body of literature on PRISm, significant knowledge gaps remain in relation to its pathogenesis
and treatment.

Not all individuals with pre-COPD or PRISm will eventually develop fixed airflow obstruction over time (and hence
COPD) but they should be considered “patients” (because they.already suffer symptoms and/or have functional and/or
structural abnormalities) and, as such, they deserve care-and treatment. The challenge is that there is no evidence on
what the best treatment is for these patients yet.59

4

Asthma may also be a risk factor for the/development of chronic airflow obstruction and COPD. In a report from a
longitudinal cohort, adults diagnosed with asthma had a 12-fold higher risk of acquiring COPD compared to those
without asthma, after adjusting for. smoking."®? |n other longitudinal studies, around 20% of people with asthma
developed irreversible airflow obstruction and reduced diffusing lung capacity,8) and self-reported asthma was
associated with excess loss_of FEV1.(82) |n addition, 11% of children with asthma had lung function impairment
consistent with the spirometric classification of COPD by early adulthood.(183185 The pathology of chronic airflow
obstruction in asthmatic non-smokers and non-asthmatic smokers is markedly different, suggesting that the two
disease entities may remain different even when presenting with similarly reduced lung function.8%.166.167) However,
separating asthma from COPD in adults may be clinically difficult at times. Further, abnormal lung development in
childhood and adolescence can cause asthma-like symptoms. Given that poor lung development is associated with
COPD in adulthood (Figure 1.2), these infants and adolescents may have been mislabeled as having asthma.

On the other hand, airway hyper-responsiveness can exist without a clinical diagnosis of asthma and has been shown
to be an independent predictor of COPD and respiratory mortality in population studies(188169) 35 well as an indicator
of risk of excess decline in lung function in patients with mild COPD.17®

Chronic bronchitis is a common, but variable condition in patients with COPD, defined by the presence of cough with
expectorated sputum on a regular basis over a defined period. Variability in the prevalence of chronic bronchitis
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depends upon the definition used, which differ in the regularity or duration of symptoms.(”) The classic description
defines chronic bronchitis as chronic cough and sputum production for at least 3 months per year for two consecutive
years, in the absence of other conditions that can explain these symptoms (an important caveat that is often ignored).
Using this definition, the prevalence of chronic bronchitis ranges from 27-35% in large observational studies in patients
with COPD.1Z2174) Other factors associated with increased prevalence of chronic bronchitis in COPD includes male sex,
younger age, greater pack-years of smoking, more severe airflow obstruction, rural location and increased
occupational exposures.!=1770) Although the primary risk for chronic bronchitis is smoking, 4-22% of chronic bronchitis
is found in never smokers suggesting other factors are involved.’8179 |nhalational exposures to dusts, biomass fuels,
chemical fumes or domestic heating and cooking fuels may be important.(78177.180) Gastroesophageal reflux is also
associated with an increased incidence of chronic bronchitis.(181:182)

Lung health depends upon effective mucus clearance. In disease states, thick and viscous mucus can lead to airway
inflammation and infection, with cough and dyspnea the principal symptoms of impaired mucus clearance. (183184
Cough and sputum production are predominately associated with mucus production in the large airways. However,
increased mucus production also occurs in the smaller conducting airways and is associated‘with luminal occlusion,
hallmarked by dyspnea but less cough and sputum production.818) Radiographic manifestations of mucus plugging
may be present and persist in patients with COPD despite a lack of chronic bronchitis symptoms and is associated with
greater airflow obstruction, lower oxygen saturation, poorer exercise tolerance, more exacerbations and worsened
quality of life(87-189) gnd all-cause mortality.(164.190)191)

The relationship between chronic mucus production and lung function,! exacerbations and mortality has been the
subject of multiple investigations. In adults less than 50 years of age,chronic bronchitis without airflow obstruction is
an early marker for susceptibility to the long-term risk of COPD and.all-cause mortality.1%2) In smokers between 36 and
43 years of age with chronic mucus production, there was arsignificant higher risk of airflow obstruction, however,
following smoking cessation, mucus production returned toilevels observed amongst never smokers.% |mportantly,
the longer chronic mucus hypersecretion is present;~the greater the concurrent decrease in FEV1.U124195) After
adjustment for height, age and smoking history, men.with cough or phlegm and women with cough show accelerated
loss of lung function,”®®) and there is an association’between chronic sputum production and lower lung function, or
greater FEV1 decline in patients with COPD,(196=200)

The association between chronic mucus-hypersecretion and mortality is unclear. Several studies report no predictive
value of mucus production on mortality when controlling for respiratory impairment and smoking;(221-20% other studies
state sputum production has af‘independent role in predicting both overall and COPD-specific mortality.(175204-206) |y
the Copenhagen City Heart‘Study, chronic mucus hypersecretion was associated with pulmonary infection that was
implicated in 54% of the’deaths.?%) Moreover, chronic mucus hypersecretion was associated with excessive FEV1
decline and increased ,€OPD hospitalizations.(2 |n patients with advanced emphysema, chronic bronchitis has been
associated with increased hospitalizations and mortality.@%® |n patients with non-obstructive chronic bronchitis,
increased all-cause and respiratory disease related mortality has been reported. (222210

A history of severe childhood respiratory infections is associated with reduced lung function and increased respiratory
symptoms in adulthood.18% The Medical Research Council National Survey of Health and Development documented a
synergistic interaction between smoking and infant respiratory infections as well as early life home overcrowding with
lung function at age 43.2" Chronic bronchial infection, particularly with Pseudomonas aeruginosa, is associated with
accelerated FEV1 decline.®2 TB is a risk factor for COPD,&3214) gnd is both a differential diagnosis for COPD and a
potential comorbidity.15218 Nontuberculous mycobacterial pulmonary disease is also associated with an increased
risk of incident COPD.?D Finally, patients with HIV are at increased risk of COPD compared to HIV negative
controls,#8219 probably due to methylation disruptions in airway epithelium,(164.220.221)
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Sex-related differences in immune pathways and the pattern of airway damage might be clinically important, although
more work in this area is needed. In the past, most studies have reported that COPD prevalence and mortality are
greater among men than women, but later data from developed countries has shown that the prevalence of COPD is
almost equal in males and females, probably reflecting the changing patterns of tobacco smoking.?22 Although
controversial, some studies have suggested that women may be more susceptible to the harmful effects of smoking
than men,85223229) |eading to more severe disease for the equivalent quantity of cigarettes consumed.@) The results
of a population-based cohort study that selected individuals from a Danish population-based cohort, indicate that
females have more severe disease with comparable smoking exposure, manifesting as lower lung function and a higher
risk of airway obstruction, chronic bronchitis and dyspnea. Additionally, females exhibit a poorer prognosis with higher
smoking exposure, including a higher risk of COPD exacerbations and early death.?20 A systematic review and meta-
analysis of the global prevalence of COPD reported sex-based prevalence differences across WHO GBD sub-regions. In
females the highest prevalence of COPD was observed in North America and in urban settings. Using the World Bank’s
income categories prevalence was highest in upper-middle income countries for males and inhigh-income countries
for females. Multiple female reproductive factors including age at menarche, number.of children, miscarriage,
stillbirth, and age at natural menopause were associated with the risk of COPD in a large cohort study.?2®)

An ATS workshop report?2 has recommended replacing race- and ethnicity-specific equations with race-neutral
average reference equations in pulmonary function testing. It also emphasized the importance of further research and
education into the clinical and epidemiological consequences of these'changes. 42229

Poverty is consistently associated with airflow obstruction23? and lower socioeconomic status is associated with an
increased risk of developing COPD.(231232) |t s hot clear, however, whether this pattern reflects exposures to household
and outdoor air pollutants, crowding, poor nutrition, infections, or other factors related to low socioeconomic status.

2~r »

PATHOBIOLOGY

In patients with COPD, pathological changes can be found in the airways, lung parenchyma, and pulmonary
vasculature.) These include-inflammatory and structural changes which increase with the severity of airflow
obstruction and can persist'on smoking cessation.

-

The inflammation observed in the lungs of patients with COPD appears to be a modification of the normal
inflammatory response to chronic irritants such as cigarette smoke. The mechanisms for this amplified inflammation
are not yet fully understood but may, at least in part, be genetically determined.

COPD is characterized by increased numbers of macrophages in peripheral airways, lung parenchyma and pulmonary
vessels, together with increased activated neutrophils and increased lymphocytes. These inflammatory cells, together
with epithelial cells and other structural cells release multiple inflammatory mediators@ which attract inflammatory
cells from the circulation (chemotactic factors), amplify the inflammatory process (via proinflammatory cytokines),
and induce structural changes (via growth factors).2) Lung inflammation can persist after smoking cessation through
as yet unclear mechanisms, although autoantigens and perturbations in the lung microbiome may play a role.@36.237)
Systemic inflammation may also be present and could play a role in the comorbid conditions frequently found in
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patients with COPD.23) The nature of the inflammatory response in non-smoking related COPD is much less well
characterized.

Although both COPD and asthma are associated with chronic inflammation of the respiratory tract, there are
differences in the inflammatory cells and mediators involved in the two diseases.@3® albeit some patients with COPD
have an inflammatory pattern with increased eosinophils and Type 2 innate lymphoid cells, similar to that of
asthma.(@?

Oxidative stress can also contribute to COPD.@34240) Bjomarkers of oxidative stress (e.g., hydrogen peroxide, 8-
isoprostane) are increased in the exhaled breath condensate, sputum, and systemic circulation of patients with COPD.
Oxidative stress is further increased during exacerbations. Oxidants are both generated by cigarette smoke and other
inhaled particulates and released from activated inflammatory cells such as macrophages and neutrophils. (215241

There is compelling evidence for an imbalance in the lungs of patients with COPD between proteases derived from
inflammatory and epithelial cells that break down connective tissue components/and antiproteases that
counterbalance this action.®2 Protease-mediated destruction of elastin, a major connéctive tissue component of the
lung parenchyma, is an important feature of emphysema but its role may be more difficult to establish in airway
changes.@3

Peribronchiolar fibrosis and interstitial opacities have been reported-in“patients with COPD and in asymptomatic
smokers,236.244-246) g an excessive production of growth factors may.be found in smokers and patients with COPD. (240
Inflammation may precede the development of fibrosis or repeated injury of the airway wall itself may lead to
excessive production of muscle and fibrous tissue,?®) which.may contribute to the development of small airways
obstruction.(@9)

The lung vasculature can also be altered in patients with COPD, even those with mild disease. (9

Gene sequencing analysis of respiratory.samples has been used to describe the lung microbiome. These techniques
are markedly more sensitive than traditional cultures used in clinical practice, which detect only live bacteria colonizing
the airways or associated with symptoms of infection. Gene sequencing studies provide information about the relative
abundance and diversity of fmicrobiota and have shown that the lower respiratory tract is not sterile but permanently
contains a diverse array<of bacteria.

Dysbiosis refers to disruption of the microbiome and has been observed in several compartments in patients with
COPD including the airways. Very diverse risk factors for COPD such as cigarette smoking or prematurity altered
mucosal immunity and gut and airway microbiota, which interact in both directions (the ‘gut-lung axis’) through
immune cross-talk and microbial metabolites and peptides.@ Dysbiosis is cross-sectionally associated with the
presence of COPD and different disease characteristics such as frequency of exacerbations,@? likely through the
alteration of mucosal defenses (vicious circle) and stimulation of lung inflammation by immune responses.(283254) The
microbiome profile is modified following viral infections and during exacerbations and is differentially altered by
antibiotics and oral or inhaled corticosteroids.(2%250) Qverall, these observations suggest a role for dysbiosis in the
development and progression of COPD, but the paucity of longitudinal data@® and interventional studies underline
the need for further research to ascertain the direction(s) of causality and possible prognostic, diagnostic or
therapeutic applications.(&0
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PATHOPHYSIOLOGY

Airflow obstruction is usually measured by spirometry as this is the most widely available and reproducible test of lung
function. In COPD, airflow obstruction is caused by a mixture of small airways disease (which increases airway
resistance) and parenchymal destruction (emphysema, that reduces the normal elastic recoil of the lung parenchyma),
the relative contributions of which vary from person to person. Further, these changes do not always occur together
and may evolve at different rates over time. Chronic inflammation causes structural changes, narrowing of the small
airways, luminal exudates in the small airways and destruction of the lung parenchyma that leads to the loss of alveolar
attachments to the small airways and decreases lung elastic recoil. In turn, these changes diminish the ability of the
airways to remain open during expiration. A loss of small airways may also contribute to airflow obstruction and
mucociliary dysfunction.®? The reduced number of small airways identified in patients with COPD@ may be due to
an enhanced loss of airways and/or to deficient lung development (see dysanapsis above; Figure.1.2).139 Collectively,
these changes limit emptying of the lungs during forced expiration, decrease FEV1 and-the FEV1/FVC ratio, and
contribute to gas trapping and lung hyperinflation.(289

Hyperinflation occurs when gas volume in the lungs is increased compared to0 hormal values at the end of spontaneous
expiration.#1262) Hyperinflation is clinically relevant in patients with CORD'and contributes to dyspnea, @3:2%) jmpaired
exercise tolerance, #7259 jncreased number of hospitalizations,?™® ‘development of respiratory failure@ and
increased mortality.(288270.272) |n patients with COPD, hyperinflation-arises due to loss of elastic recoil and expiratory
flow obstruction.?® Expiratory flow obstruction occurs whén)the expiratory flows generated during spontaneous
breathing are the maximal flows that can be generated at that operational lung volume. @ Expiratory flow obstruction
is caused by the dual effects of emphysematous parénchymal destruction and airways abnormalities (e.g., mucus
obstruction, airway edema, heightened bronchial tong, airway wall remodeling). The lung can be hyperinflated at rest
(static hyperinflation due to the loss of elastic:lung recoil as a consequence of emphysema) and/or during exercise
(dynamic hyperinflation as a consequence’.of airflow obstruction) when ventilatory demands are increased and
expiratory times are reduced.(261.262)

Hyperinflation is common in patients with COPD and can be found in patients with even mild obstruction at rest and
even more so during exercise/¥4279 |n patients with moderate to severe obstruction, the level of dynamic
hyperinflation correlates_more closely with the impairment in diffusion capacity and severity of small airways
obstruction and higher-ventilatory response to exercise than FEV1 measurement.(261.267)

Lung volumes assessed by body plethysmography or gas dilution techniques (helium dilution or nitrogen washout)
represent the reference measurements to assess the presence and degree of hyperinflation, however, values may vary
due to differences in measuring compressible gas volumes or communicating gas volumes, respectively.@76277)
Measurement of inspiratory capacity at rest and during exercise is an indirect measurement of increased end-
expiratory lung volumes and indicates the presence of static and/or dynamic hyperinflation.@® Hyperinflation can
also be detected on chest imaging but standardization is lacking. @Y

Structural abnormalities in the airways, alveoli and pulmonary circulation in patients with COPD alter the normal VA/Q
distributions. This is the main mechanism of abnormal pulmonary gas exchange resulting in different degrees of
arterial hypoxemia, without or with hypercapnia.?’® Rarely, reduced ventilation may also be due to reduced
ventilatory drive (e.g., sedatives and hypnotic drugs), causing hypercapnic respiratory failure and acidosis. (9
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Parenchymal destruction due to emphysema also leads to decreased DLco. In general, pulmonary gas exchange
worsens as the disease progresses.

In smokers with normal spirometry and in patients with COPD who have mild airflow obstruction there may be
abnormalities in the pulmonary circulation that include intimal hyperplasia and smooth muscle
hypertrophy/hyperplasia.(28-28%) Moreover, an inflammatory response in pulmonary blood vessels, similar to that seen
in the airways, can be observed in these individuals along with evidence of endothelial cell dysfunction. Yet, severe
pulmonary hypertension in COPD is rare.28528) |t may develop late in the course of COPD and it can be due to a
combination of loss of pulmonary capillary bed due to emphysema and/or hypoxic vasoconstriction of the small
pulmonary arteries. Progressive pulmonary hypertension may lead to right ventricular hypertrophy and eventually to
right-sided heart failure (‘cor pulmonale’). Severe pulmonary hypertension worsens survival.28) The diameter of
pulmonary artery as measured on CT scans has been shown to relate to the increased risk of suffering exacerbations,
independent of previous history of exacerbations.(2)

Exacerbations of respiratory symptoms in patients with COPD can be triggered by ainumber of different factors (alone
or in combination), including respiratory infections with bacteria or viruses {which may coexist), environmental
pollutants, or unknown factors. During exacerbations there is evidence of increased airway and systemic inflammation,
increased gas trapping and hyperinflation with reduced expiratory flow,|thus accounting for increased dyspnea,&?
and worsening of Va/Q abnormalities that can result in arterial hypoxemia with or without hypercapnia.®® Other
conditions, such as pneumonia, pulmonary, and/or heart faildre,” among others, may mimic or aggravate an
exacerbation, and need to be considered in the clinical management of these episodes.?!) See Chapter 4 for an
extended discussion on exacerbations.

Most patients with COPD suffer concomitant chronic comorbid diseases linked to the same risk factors i.e., smoking,
aging, and inactivity, which may have a major impact on health status and survival.2222%) The term syndemics has
been introduced to describe the co-occurrence of COPD with other conditions that have possible shared mechanisms
and risk factors.@ Airflow obstruction and particularly hyperinflation affect cardiac function.®@? |nflammatory
mediators in the circulation may contribute to skeletal muscle wasting and cachexia, and may initiate or worsen
comorbidities such as ischemic'heart disease, heart failure, osteoporosis, normocytic anemia, diabetes, and metabolic
syndrome (see Chapter 5).

TAXONOMY

COPD has been traditionally understood as a single “disease” caused by tobacco smoking.20 Accordingly, most efforts
have been devoted to the study of the pathogenetic mechanisms of only one major cause of COPD (tobacco smoking),
failing to expand the horizon about the heterogeneity of processes that we know can contribute to its final clinical
presentation.® It is therefore important to expand the taxonomy (classification) of COPD to include non-smoking
related COPD types, so specific studies can be designed and conducted for these different types of COPD or
etiotypes.?® Figure 1.3 combines two recent taxonomic proposals developed independently.©2%) This proposal has
relatively little impact on current clinical practice, other than illuminating this so-far ignored aspect of COPD, but it is
of the outmost importance to highlight the need to explore current and future therapies in these other etiotypes of
COPD.
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Proposed Taxonomy (Etiotypes) for COPD

Figure 1.3

Classification Description

Genetically determined COPD Alpha-1 antitrypsin deficiency (AATD)

(CoPD-G) Other genetic variants with smaller effects acting in
combination

COPD due to abnormal lung Early life events, including premature birth and low

development (COPD-D) birthweight, among others

Environmental COPD

Cigarette smoking COPD (COPD-C) Exposure to tobacco smoke, including in utero or via
passive smoking

Vaping or e-cigarette use

Cannabis
Biomass and pollution exposure Exposure to household pollution;ambient air pollution,
COPD (COPD-P) wildfire smoke, occupational*hazards
COPD due to infections (COPD-I) Childhood infections;.tuberculosis-associated COPD, HIV-
associated COPD
COPD & asthma (COPD-A) Particularlychildhood asthma

COPD of unknown cause (COPD-U)

*Adapted from Celli et al. (2022) and Stolz et al. (2022)
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CHAPTER 2: DIAGNOSIS, ASSESSMENT AND
MONITORING

KEY POINTS:

Diagnosis

e A diagnosis of COPD should be considered in any patient who has dyspnea, chronic cough or sputum
production, a history of recurrent lower respiratory tract infections and/or a history of exposure to risk
factors; spirometry with post-bronchodilator FEV1/FVC < 0.7 is mandatory to establish the diagnosis of
COPD.

e Pre-bronchodilator spirometry can be used to exclude a diagnosis of COPD.

Initial assessment

e The goals of the initial COPD assessment are to determine the severity of airflow obstruction, assess the
impact of current symptoms on the patient, and their risk of future events'(such as exacerbations,
hospital admissions, or death), to guide therapy.

Monitoring and follow-up

e Routine follow-up of lung function, symptoms and exacerbations{is-essential to determine when to
modify management and to identify any complications and/or comorbidities.

e Virtual and hybrid virtual/in-person care models may offer improved healthcare access, outcomes, and
affordability, but use should be based on evidence.

Additional investigations

e Additional clinical assessment, including the measurément of lung volumes, diffusion capacity, exercise
testing and/or lung imaging may be considered in patients with COPD who have a marked discordance
between the level of airflow obstruction and the perceived symptoms.

e Concomitant chronic diseases (multimarbidity) occur frequently in patients with COPD, including
cardiovascular disease, skeletal musele dysfunction, metabolic syndrome, osteoporosis, depression,
anxiety, and lung cancer. These comorbidities should be actively sought, and treated appropriately when
present, because they influénce health status, hospitalizations and mortality independently of the
severity of airflow obstruction due to COPD.

-~

DIAGNOSIS

A diagnosis of COPD should be considered in any patient who has dyspnea, chronic cough or sputum production,
and/or a history of exposure to risk factors for the disease (Figure 2.1) but forced spirometry that demonstrates the
presence of a post-bronchodilator FEV1/FVC < 0.7 is mandatory to establish the diagnosis of COPD.%) GOLD is aware
that other proposals for confirming the diagnosis of COPD, and assessing and categorizing its severity and prognosis,
have been made.(2%2%) These proposals include criteria derived from CT scans which are not readily available or
accessible in many countries. For this reason, GOLD still believes that a definition based on spirometry in the
appropriate clinical context (symptoms and risk factors) is more appropriate for global use across primary and
secondary care.
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CLINICAL PRESENTATION

Chronic dyspnea is the most characteristic symptom of COPD. Cough with sputum production is present in up to 30%
of patients. These symptoms may vary from day-to-day@® and may precede the development of airflow obstruction
by many years. Individuals, particularly those with COPD risk factors, presenting with these symptoms should be
examined to search for the underlying cause(s). Airflow obstruction may also be present without chronic dyspnea
and/or cough and sputum production and vice versa.®%) Although COPD is defined on the basis of airflow obstruction,
in practice the decision to seek medical help is usually determined by the impact of symptoms on a patient’s functional
status. A person may seek medical attention either because of chronic respiratory symptoms or because of an acute,
transient episode of exacerbated respiratory symptoms.

Clinical Indicators for Considering a Diagnosis of COPD

Figure 2.1

N\ 7

Consider the diagnosis of COPD, and perform spirometry, if any of these clinical indicators are present:
(these indicators are not diagnostic themselves, but the presence of multiple key indicators increases the
probability of the presence of COPD; in any case, spirometry is required to establish a diagnosis of COPD)

Dyspnea that is Progressive oveptime
Worse with exercise
Persistent

Recurrent wheeze

Chronic cough </~May be intermittent and may be non-productive

<&

Recurrent lower respirat@&”

tract infections

History of risk faa@ Tobacco smoke (including popular local preparations)
Smoke from home cooking and heating fuels

K\
X

C) Host factors (e.g., genetic factors, developmental abnormalities, low
birthweight, prematurity, childhood respiratory infections etc.)

Occupational dusts, vapors, fumes, gases and other chemicals

Dyspnea is a cardinal symptom of COPD and a major cause of the disability and anxiety associated with the disease. 02
Dyspnea comprises a sensory and an affective component.@%) Typically, patients with COPD describe their dyspnea as
a sense of increased effort to breathe, chest heaviness, air hunger, or gasping.® However, the terms used to describe
dyspnea may vary both individually and culturally.G%

Dyspnea is highly prevalent across all stages of airflow obstruction.% It occurs particularly during exertion or physical
activity. Moderate-to-severe dyspnea has been reported by >40% of patients diagnosed with COPD in primary care.G%)
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Dyspnea is complex and multiple mechanisms can be involved in its pathogenesis, including impaired respiratory
mechanics as a consequence of airflow obstruction and lung hyperinflation, gas exchange abnormalities, peripheral
muscle dysfunction related to deconditioning (and systemic inflammation in some patients), psychological distress,
dysfunctional breathing, cardiovascular or other comorbid diseases.@07.3%8)

Dyspnea measured by the 5-level mMRC scale is integrated in the GOLD clinical classification scheme (see below)
because patients with high dyspnea scores incur higher healthcare resource utilization and costs.@% Dyspnea in daily
life can be measured by a number of detailed questionnaires that are more discriminant and sensitive to change.?12311)

Chronic cough is often the first symptom of COPD and is frequently discounted by the patient as an expected
consequence of smoking and/or environmental exposures. Initially, the cough may be intermittent, but subsequently
it may be present every day, often throughout the day. Chronic cough in COPD may bé productive or non-
productive.®12) In some cases, significant airflow obstruction may develop without the présence of a cough. Other
causes of chronic cough are listed in Figure 2.2. Syncope during cough in patients with COPD who have severe airflow
obstruction can occur due to rapid increases in intrathoracic pressure during prolongéd attacks of coughing. Coughing
spells may also cause rib fractures, which are sometimes asymptomatic.

Patients with COPD commonly raise small quantities of tenacious sputum with coughing. Regular production of sputum
for three or more months in two consecutive years (in the absencé of any other conditions that may explain it) is the
classical definition of chronic bronchitis,®'® but this is a somewhat arbitrary definition that does not reflect the entire
range of sputum production that occurs in COPD (see detailed discussion in Chapter 1). Sputum production is often
difficult to evaluate because patients may swallow sputum rather than expectorate it, a habit that is subject to
significant cultural and sex variation. Furthermore, sputum production can be intermittent with periods of flare-up
interspersed with periods of remission.(1%3) Patients producing large volumes of sputum may have underlying
bronchiectasis.(4:315 The presence of purulent-sputum reflects an increase in inflammatory mediators, 18317 and its
development may identify the onset of a bacterial exacerbation, though the association is relatively weak.@7:318)

a

~

Inspiratory and/or expiratorywheezes and chest tightness are symptoms that may vary between days, and over the
course of a single day. Alternatively, widespread inspiratory or expiratory wheeze can be present on auscultation.
Chest tightness often fallows exertion, is poorly localized, is muscular in character, and may arise from isometric
contraction of the intercostal muscles. An absence of wheezing or chest tightness does not exclude a diagnosis of
COPD, nor does the presence of these symptoms confirm a diagnosis of asthma.

Fatigue is the subjective feeling of tiredness or exhaustion and is one of the most common and distressing symptoms
experienced by people with COPD.G') people with COPD describe their fatigue as a feeling of “general tiredness” or
as a feeling of being “drained of energy”.(20321) Fatigue impacts a patient’s ability to perform activities of daily living
and their quality of life.

Weight loss, muscle mass loss, and anorexia are common problems in patients with COPD who have severe and very
severe airflow obstruction.22:324) They have prognostic importance2532) gnd can also be a sign of other diseases,
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such as tuberculosis or lung cancer, and therefore should always be investigated. Ankle swelling may indicate the
presence of cor pulmonale. Symptoms of depression and/or anxiety merit specific enquiry when obtaining the medical
history because they are common in COPD,®2) gre associated with poorer health status, increased risk of
exacerbations, and emergency hospital admission, and are treatable.28)

Other Causes of Chronic Cough

Figure 2.2

4 P
INTRATHORACIC EXTRATHORACIC
¢ Asthma Chronic Allergic Rhinitis
e Lung Cancer Post Nasal Drip Syndrome
¢ Tuberculosis Upper Airway Cough
« Bronchiectasis Syndrome
o Left Heart Eailure Gastroesophageat-Reflux
* Interstitial Lung Disease Medication (e:.g:; ACE
Inhibitors)
¢ Cystic Fibrosis
* |diopathic Cough
. J

- wz

DIFFERENTIAL DIAGNOSIS OF COPD

In some patients with COPD, a clear distinction from asthma is difficult using current imaging and physiological testing
techniques, since the two conditions.share common traits and clinical expressions.©29) Most other potential differential
diagnoses are easier to distinguish from COPD (Figure 2.3).
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Differential Diagnosis of COPD

Figure 2.3

Diagnosis Suggestive Features

CcoPD Symptoms slowly progressive
History of tobacco smoking or other risk factors

Asthma Variable airflow obstruction
Symptoms vary widely from day to day
Symptoms worse at night/early morning
Allergy, rhinitis, and/or eczema also present
Often occurs in children
Family history of asthma

Congestive heart failure Chest X-ray shows dilated heart, pulmonary edema
Pulmonary function tests indicate volume restriction, not airflow obstruction

Bronchiectasis Large volumes of purulent sputum
Commonly associated with bacterial infection
Chest X-ray/HRCT shows bronchial dilation

Tuberculosis Onset at all ages
Chest X-ray shows lung infiltrate
Microbiological confirmation
High local prevalence oftuberculosis

Obliterative Can occur in children
bronchiolitis Seen after lung ‘ar-bone marrow transplantation
HRCT on expifration shows hypodense areas

Diffuse panbronchiolitis Predeminantly seen in patients of Asian descent
Most patients are male and nonsmokers
Almost all have chronic sinusitis

(

"\~ Chest X-ray & HRCT show diffuse small centrilobular nodular opacities &
ﬁ" hyperinflation

O

These featuresitend to be characteristic of the respective diseases, but are not mandatory. For example, a person who
has never smoked may develop COPD (especially in LMICs where other risk factors may be more important than cigarette
smoking).

MEDICAL HISTORY

A detailed medical history of a new patient who is known, or suspected, to have COPD should include:

Patient’s exposure to risk factors, such as smoking and environmental exposures (household/outdoor).

Past medical history, including early life events (prematurity, low birthweight, maternal smoking during
pregnancy, passive smoking exposure during infancy), asthma, allergy, sinusitis, or nasal polyps;
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respiratory infections in childhood; HIV; tuberculosis.
Family history of COPD or other chronic respiratory disease.

Pattern of symptom development: COPD typically develops in adult life and most patients are conscious
of increased breathlessness, more frequent or prolonged “winter colds,” and some social restriction for
a number of years before seeking medical help.

History of exacerbations or previous hospitalizations for respiratory disorder. Patients may be aware of
periodic worsening of symptoms even if these episodes have not been identified as exacerbations of
COPD.

Presence of comorbidities, such as heart disease, osteoporosis, musculoskeletal disorders, anxiety and
depression, and malignancies that may also contribute to restriction of activity.

Impact of disease on patient’s life, including limitation of activity, missed work and economic impact,
effect on family routines, feelings of depression or anxiety, wellbeing, and sexual activity.

Social and family support available to the patient.

Possibilities for reducing risk factors, especially smoking cessation.

PHYSICAL EXAMINATION

Although an important part of patient care, a physical examination is rarely (if ever) diagnostic in COPD. Physical signs
of airflow obstruction are usually not present until significant impairment of lung function has occurred, 39331 gnd
detection based on physical examination has relatively low sensitivity and specificity. A number of physical signs (e.g.,
lung hyperinflation, cyanosis) may be present in COPD, but their absence does not exclude the diagnosis.

-

SPIROMETRY

Forced spirometry is the most reproducible and objective measurement of airflow obstruction. It is a noninvasive,
reproducible, cheap, and readily available test. Good quality spirometric measurement is possible in any healthcare
setting and all healthcare workers\who care for people with COPD should have access to spirometry. Some of the
factors needed to achieve accurate test results are summarized in Figure 2.4.G3233) Despite its good sensitivity, peak
expiratory flow measurement alone cannot be reliably used as the only diagnostic test because of its weak

RS

specificity. (334339
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Considerations in Performing Spirometry

Figure 2.4

Spirometers should produce hard copy or have a digital display of the expiratory
curve to permit detection of technical errors or have an automatic prompt to identify
an unsatisfactory test and the reason for it

PREPARATION

The supervisor of the test needs training in optimal technique and quality performance

Maximal patient effort in performing the test is required to avoid underestimation of
values and hence errors in diagnosis and management

Spirometry should be performed following national and/or international
recommendations®

The expiratory volume/time traces should be smooth and free from irregularities
The pause between inspiration and expiration should be less.than one second

The recording should go on long enough for a volume platéau to be reached, which
PERFORMANCE may take more than 15 seconds in severe disease

Both FVC and FEV1 should be the largest value obtained from any of three
technically satisfactory curves and the FVC and-FEV1 values in these three curves
should vary by no more than 5% or 150 mLj whichever is greater

The FEV1/FVC ratio should be taken fromithe technically acceptable curve with the
largest sum of FVC and FEV1

Possible dosage protocols are 400 mcg short-acting beta,-agonist, 160 mcg short-

acting anticholinergic, or théstwo combined®; FEV1 should be measured 10-15

minutes after a short-acting beta,-agonist is given, or 30-45 minutes after a short-
BRONCHODILATION acting anticholinergic or.a combination of both classes of drugs

Patients already on . bronchodilator treatment, in whom spirometry is requested for
monitoring purposes do not need to stop their regular treatment for spirometry

Spirometry.measurements are evaluated by comparison of the results with

appropriate reference values based on age, height and sex

EVALUATION . .
The presence of a post-bronchodilator FEV1/FVC < 0.7 confirms the presence of non-

fully reversible airflow obstruction

®Miller et al. Eur Respir J 2005; 26(2): 319-38;
bPellegrino et al. Eur Respir J 2005; 26(5): 948-68.

As shown in Figure 2.5, forced spirometry measures: (1) the volume of air forcibly exhaled from the point of maximal
inspiration (FVC); (2) the volume of air exhaled during the first second of this maneuver (FEV1); and (3) the ratio of
these two measurements (FEV1/FVC). Spirometry measurements are evaluated by comparison with reference
values333336.337) hased on age, height and sex (see below).

Figure 2.5A shows a normal spirometry tracing and Figure 2.5B shows a tracing obtained in a person with COPD.
Patients with COPD typically show a decrease in both FEV1 (due to airflow obstruction) and (to a lesser degree) FVC
(due to gas trapping).
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Spirometry - Normal Trace B. Spirometry - Airflow Obstruction

Figure 2.5
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In line with other national and international, guidelines, GOLD recommends using post-bronchodilator values when
considering a diagnosis of COPD. Histarically, post-bronchodilator values were considered more appropriate for
confirming a diagnosis of fixed airflow\obstruction as they were thought to be more reproducible, to be useful in
excluding asthma and could identify'volume responders to bronchodilators in whom the obstruction was revealed by
bronchodilator-induced increase’in FVC.2% However, it is now recognized that the bronchodilator response has little
value in differentiating asthma from COPD,% that pre-bronchodilator values are reproducible®® and obstruction
only on post-bronchodilator measurements is uncommon.®4) Obtaining post-bronchodilator values is more time
consuming and this(may deter clinicians from performing spirometry. Pre-bronchodilator spirometry can be used as
an initial test to investigate whether symptomatic individuals have airflow obstruction (Figure 2.6). If the pre-
bronchodilator spirometry does not show obstruction (see below for definition) performing post-bronchodilator
spirometry is not necessary unless there is a very high clinical suspicion of COPD, in which case an FVC volume response
may reveal obstruction. Further tests to investigate the cause of the patient’s symptoms and follow-up, including
repeating the spirometry after an interval, may be required. If the pre-bronchodilator values show obstruction the
diagnosis of COPD should be confirmed using post-bronchodilator measurements. Individuals with a pre-
bronchodilator FEV1/FVC ratio that shows obstruction but a post-bronchodilator ratio that does not show obstruction
have been shown to have an increased risk of future development of COPD, and should be followed closely.®42)
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Spirometry to Confirm a COPD Diagnosis

Figure 2.6

Measure
Pre-Bronchodilator
FEV1/FVC
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Measure Post-Bronchodilator
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Flow response: needs COPD
follow-up with repeat confirmed

assessment

While post-bronchodilator spirometry is required for the diagnosis and assessment of COPD, using the degree of
reversibility of airflow obstruction (e.g., measuring FEV1 before and after bronchodilator or corticosteroids) to inform
therapeutic decisions is no longer recommended.®2 The degree of reversibility in a single patient varies over time
and has not been shown to differentiate the diagnosis from asthma, or to predict the response to long-term treatment
with bronchodilators or corticosteroids.®) Accordingly, it is not necessary to stop inhaled medication before obtaining
spirometry measurements during follow-up of patients. Figure 2.7 shows the role of spirometry in patients with COPD.

The spirometric criterion for airflow obstruction selected by GOLD for the diagnosis of COPD remains a post-
bronchodilator ratio of FEV1/FVC < 0.7. This criterion is simple and independent of reference values because it relates
to variables measured in the same individual and has been used in all the clinical trials that form the evidence base
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from which treatment recommendations are drawn. It should be noted that the use of a fixed FEV1/FVC ratio (< 0.7)
to define airflow obstruction may result in over-diagnosis of COPD in the elderly,®534) and under-diagnosis in
approximately 1% of young adults,®46-348) especially in mild disease, compared to using a cut-off based on the LLN
values for FEV1/FVC. If COPD is suspected in younger adults (age < 50 years) who have a repeated fixed ratio > 0.7,
comparing the ratio to a predicted LLN or using z-scores (see below) may help when deciding how to best manage this
small number of patients.

Role of Spirometry in COPD

Figure 2.7

Diagnosis
Assessment of severity of airflow obstruction (for prognosis)
Follow-up assessment
Therapeutic decisions
— Pharmacological in selected circumstances (e.g., discrepancy between spirometry and level of
symptoms)
— Consider alternative diagnoses when symptoms are disproportionate to degree of airflow obstruction
— Non-pharmacological (e.g., interventional procedures)

Identification of rapid decline

The LLN values are based on the normal distribution and classify the bottom 5% of the healthy population as abnormal.
From a scientific or clinical perspective, it is difficult to-determine which of these criteria will result in optimal COPD
diagnostic accuracy. An equivalent approach to using.the LLN is to use z-scores (the number of standard deviations by
which the value of an observed value is above or below the mean value of what is being measured). A z-score of -1.645
is equivalent to the 5% centile. The GLI has compared interpretation of spirometry results using z-scores with using a
fixed ratio, and as with LLN, found that they.lead to different classification of some patients,423%0) byt whether this is
of clinical relevance remains uncertain.

LLN values and z-scores are highly dependent on the choice of valid reference equations used to calculate them. GLI
predicted values are basedon-pre-bronchodilator measurements but postbronchodilator reference values were more
successful at identifying’ individuals with mild COPD than prebronchodilator reference values in the Swedish
CArdioPulmonary biolmage Study (SCAPIS).G%) There are no longitudinal studies available validating the use of the
LLN, or studies using reference equations in populations where smoking is not the major cause of COPD. Using the
fixed ratio is not inferior to LLN regarding prognosis.©52)

Importantly, the risk of misdiagnosis and over-treatment of individual patients using the fixed ratio as a diagnostic
criterion is limited, as spirometry is only one biologic measurement to establish the clinical diagnosis of COPD in the
appropriate clinical context (symptoms and risk factors). Diagnostic simplicity and consistency are crucial for the busy
clinician. Thus, GOLD favors using the fixed ratio over LLN.

Assessment of the presence or absence of airflow obstruction based on a single measurement of the post-
bronchodilator FEV1/FVC ratio should be confirmed by repeat spirometry on a separate occasion if the value is
between 0.6 and 0.8, as in some cases the ratio may change as a result of biological variation when measured at a
later interval.3533%) |f the initial post-bronchodilator FEV1/FVC ratio is less than 0.6 it is very unlikely to rise
spontaneously above 0.7.(3%3)
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It is important to emphasize that airflow obstruction that is not fully reversible is not specific to COPD; the clinical
context and risk factors should also be considered. Airflow obstruction that is not fully reversible may also be found in
patients with asthma and other diseases.

Interpretation of the severity of lung function impairment is dependent on having appropriate reference values.
Previously reference values have taken account of race, as studies such as the Prospective Urban and Rural
Epidemiological study that analyzed pre-bronchodilator spirometry data from 153,996 healthy people with < 5 pack-
year smoking histories in 17 countries and observed wide variation by region.®? Compared with individuals living in
North America or Europe, people living in south Asia had FEV1 values that were on average 31% lower, adjusted for
age, height and sex. Similarly, those living in southeast Asia, sub-Saharan Africa, East Asia, Middle East and South
America had FEV1 values that were on average 24%, 21%, 13%, 11%, and 6% lower than individuals living in North
America or Europe, respectively, independent of age, height, sex, and smoking status.®? However, race-correction
may have important consequences for patients from these areas and eliminating race-based reference values has been
proposed®3) because they can lead to underestimation of disease severity and normalizethe effects of malnutrition
and childhood illness on lung development. In 2022, GLI published new race‘neutral equations (GLI-Global
equations)®® and these are now the only reference equations officially endorsed by ATS and ERS.?2) |n a study of
369,077 participants in the National Health and Nutrition Examination Survey; UK Biobank, the Multi-Ethnic Study of
Atherosclerosis, and the Organ Procurement and Transplantation Network the use of race-based and race-neutral
equations generated similarly accurate predictions of respiratory eutcomes in participants with lung diseases,
including COPD.%) However, the study showed that changing to using race-neutral reference would lead to significant
changes in occupational eligibility and disability compensation<Queéstions also remain about the validity of the GLI-
Global equations as they are essentially based on a weighted.average of racial and ethnic categories, were derived
from a population that did not include participants from many countries or global regions, and ignore the observed
population differences in body proportions.®57-3%) |n‘@ddition, lung reference values change over time and require
periodic revision. Nevertheless, GOLD recommends using the GLI-Global equations as the reference standard for
the assessment of lung function impairment in,patients with COPD, despite their limitations.

GOLD continues to recommend using the>FEV1 as a percentage of the predicted value to stage the severity of airflow
obstruction. The ERS and ATS recommend using z-scores rather than percent predicted values to stage severity and
have proposed a three-level (four-tier) severity system that considers z-scores > -1.65 as normal, between -1.65 and
-2.5 as mild, between -2.51.and’-4 as moderate and < -4.1 as severe.®30) Using these thresholds inevitably leads to
differences in the classification of some patients compared to using the percentage predicted®Y but whether this has
significant implications for management or prognosis remains unclear. The majority of COPD studies that form the
evidence base for treatment recommendations, recruited and classified subjects using the GOLD stages based on
percentage predicted values, and for the time being GOLD recommends continuing to use this method to assess
severity of airflow obstruction. The percentage of the predicted GLI-Global equation value can be determined using
the online GLI calculator (gli-calculator.ersnet.org). In patients with airflow obstruction, a low FEV1 or a rapid decline
in FEV1 is associated with increased mortality.(52)

Performing spirometry and pulmonary function testing during airborne viral epidemics may lead to viral transmission
as a result of coughing and droplet formation during the tests.(63364) During periods of high prevalence of airborne
viral infections in the community, spirometry should be restricted to patients requiring urgent or essential tests for
the diagnosis of COPD, and/or to assess lung function status for interventional procedures or surgery. The ATS and ERS
have provided recommendations regarding testing and precautions that should be taken.(363.365366)
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When routine spirometry is not available, home measurement of PEF combined with validated patient questionnaires
could be used to support or refute a possible diagnosis of COPD.87-370 However, PEF does not correlate well with the
results of spirometry,3-373) has |ow specificity,®2 and cannot differentiate obstructive and restrictive lung function
abnormalities. When making a diagnosis of COPD, airflow obstruction could also be confirmed by personal electronic
portable spirometers,@4375) and instructing them in their use and observing them in their homes using video
conferencing technology.

SCREENING AND CASE-FINDING

Studies from across the world suggest that up to 70% of adults with COPD remain undiagnosed. The 2007-2012 US
National Health and Nutritional Examination Survey found obstructive lung disease in 13.4%of randomly selected
American adults who underwent spirometry, however 71% had never received a prior diagnesis of COPD.%® A 27-
country collaborative study found a prevalence of COPD (FEV1/FVC < LLN), of 9.7%, with*81% of COPD cases being
undiagnosed.® The problem of COPD underdiagnosis was worse in low and middle<income countries, and in these
countries more than 90%-95% of COPD cases were undiagnosed.®237)) Reasons“for under-diagnosis of COPD are
complex and are summarized in Figure 2.8.

Individuals with undiagnosed COPD are afflicted by poor quality of life.and they suffer from exacerbations like those
seen in patients with diagnosed disease.®”® A Canadian study of individuals with symptomatic undiagnosed COPD
showed that undiagnosed COPD was associated with greater symptem burden, poorer disease-specific quality of life,
impaired work productivity, and poorer overall general health status.G’® A Danish study showed that individuals with
previously undiagnosed COPD had age- and sex-adjusted.hazard ratios for exacerbations and pneumonia that were
15.5 and 2.8 times higher than age-matched individuals without COPD. In addition, adults with undiagnosed,
symptomatic COPD had a 4.3 times greater risk of death from respiratory causes, and a 2.0 times greater risk of death
from any cause, compared to individuals without.COPD.®70)
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Factors that May Be Associated with COPD Underdiagnosis

Figure 2.8

Why does COPD go
undiagnosed until disease is
far advanced?
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Adapted from: Agron-et al. Am J Respir Crit Care Med. 2024 Apr 15;209(8):928-937.

Earlier diagnosis of COPD is achieved when an individual undergoes targeted assessment for obstructive lung disease,
and disease is identified prior to a conventional diagnosis being made by the individual’s healthcare professionals.
This can be potentially achieved by either: i) screening or ii) case-finding.

i. Screening is performed in the general population and involves testing mostly asymptomatic individuals with
spirometry. This approach is expensive and has a relatively low yield, and screening of low-risk, asymptomatic
individuals is not recommended by the US Preventive Services Task Force.89 |n asymptomatic individuals
without any significant exposures to tobacco or other risk factors, screening spirometry is probably not
indicated, and this approach is not recommended by GOLD.
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The potential use of screening spirometry in children, adolescents and young adults to identify individuals with
poor lung development at risk of COPD and other chronic conditions later in life merits future investigation.©?)

ii. Case-finding targets only those who have unexplained respiratory symptoms, or specific risk factors for COPD,
for subsequent testing with spirometry. Case-finding is a potential strategy for identifying undiagnosed
individuals at high risk of COPD to allow earlier identification of disease and to direct resources to these
individuals. In turn, case-finding approaches can be divided into 1) active case-finding or 2) opportunistic case-
finding:

a. Active case-finding involves proactively searching for individuals at higher risk of the condition, often
based on presence of symptoms. In active case-finding, respiratory symptoms and risks for COPD (e.g.
unexplained dyspnea, or > 20 pack-years of smoking, or history of recurrent chest infections, or history
of early life events) are elicited from the individual via questionnaire and based on positive responses
they are targeted to receive spirometry.

Active case-finding approaches first involve identifying individuals at higher-risk for COPD using risk
assessment tools such as case finding questionnaires or risk prediction.models, @) and the diagnosis
is then confirmed with an objective measure such as pre-/post bronchodilator spirometry. A pragmatic
case-finding algorithm (Figure 2.9) has been recently proposed.to enable accurate COPD diagnoses
for most populations.82)

Several COPD case-finding questionnaires, including-the CDQ and the CAPTURE questionnaire, have
been validated in different populations. Hand-held'devices, such as the PEF and micro-spirometers
(COPD-6 and the Piko-6) have also been widely\tested to try to improve identification of people with
undiagnosed COPD. Increasingly, it appears.that combining questionnaires with simple physiological
measurements provided by hand-held-devices enhances case-finding performance.(83:385)

b. Opportunistic case-finding involves” identification of individuals when they present themselves for
healthcare services for reasons-other than the condition being screened for. An example would be
performing diagnostic spiremetry in individuals who present for lung cancer screening.

’e

D=

Prior to 2024, multiple studies:had demonstrated that earlier identification and diagnosis of adults with previously
undiagnosed COPD was feasible, however no studies had coupled earlier diagnosis of COPD with a treatment strategy
to demonstrate that such a strategy improves health outcomes. The Undiagnosed COPD and Asthma in the Population
Study (UCAP) coupled.an active, community-based case-finding study to a randomized, controlled clinical trial .28 This
study was the first to show that identification and diagnosis of COPD via active telephone-based case-finding of
symptomatic community-dwelling individuals, coupled to a comprehensive intervention, reduces patients’ healthcare
utilization and improves quality of life and health outcomes.®® Based on the above evidence, GOLD advocates for
active case finding, 87389 j e, performing spirometry in individuals with symptoms and/or risk factors.
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An Algorithm for COPD Case-finding

Figure 2.9
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Adapted from: Aaron et al. Am J Respir Crit Care Med. 2024 Apr 15;209(8):928-937.

Systematic active case-finding in a primary care setting via mail-out of a screening questionnaire has been found to be

an effective way to identify undiagnosed COPD patients. %

Although COPD case-finding in primary care has been demonstrated to have a small but significant impact on
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increasing rates of diagnoses and physician’s clinical actions, there is limited data suggesting a significant impact on
patient outcomes.®20-3%) |n the Veterans Affairs system, the use of a clinical decision support system algorithm that
incorporated case-finding for COPD and alpha-1 antitrypsin deficiency (AATD), improved correct COPD diagnosis rates
and improved screening rates for AATD in a primary care setting.%

In a prospective study in China the COPD Assessment in Primary Care to Identify Undiagnosed Respiratory Disease and
Exacerbation Risk (CAPTURE) tool showed a good sensitivity to identify COPD patients who may require treatment
because of increased symptoms, risk of exacerbations or hospitalization.%) However, a recently completed cluster-
randomized trial of 100 family practices in the US, which employed the CAPTURE tool to try to identify patients with
undiagnosed COPD, was unable to show a significant effect. Randomizing family practices to knowledge of patients’
CAPTURE scores did not significantly impact on the process of care nor did patients’ CAAT™ scores significantly
improve.®%) The trial was affected by the COVID pandemic, and more research is needed to determine if opportunistic
case-finding for COPD in primary care will improve patient outcomes.

Leveraging lung cancer imaging for COPD case-finding

Annual LDCT imaging of the chest is recommended by the USPSTF to diagnose lung’cancer earlier among individuals
aged 50 to 80 years with a 2 20 pack-year smoking history. Lung cancer and COPD share common risk factors, and
COPD is also an independent risk factor for lung cancer and represents the{major comorbidity affecting survival in
patients with lung cancer.®274%) Thoroughly assessing symptoms and performing spirometry in individuals undergoing
LDCT for lung cancer screening therefore represents a unique opportunity to simultaneously assess patients for both
the presence of unrecognized symptoms of COPD and airflow obstruetion.

Studies that have evaluated individuals for COPD symptoms and performed spirometry at lung cancer screening have
reported airflow obstruction in 34-57% of individuals,(emphysema in 68-73% and no prior diagnosis of COPD in
67%.(3%8:401.402) Mgle sex, younger age, lower smoking duration and being asymptomatic were associated with detection
of airflow obstruction without a prior diagnosis_of COPD.“02403) Those without a prior diagnosis of COPD were less
symptomatic; however, the prevalence of symptoms was still high, being found in over 50% of individuals. The
prevalence of the underdiagnosis of COPD¥in those undergoing lung cancer screening can approach 90% in some
reports.(404-410)

In a lung cancer screening cohort; over half of those with visually detected emphysema had airflow obstruction. )
Quantitative analysis of density.can also be used to detect COPD with varying sensitivity and specificity depending on
the threshold chosen.®'2;Deep learning approaches are also being investigated that could diagnose COPD from lung
cancer screening CT s¢ans with results varying depending on the method and cohort analyzed.“!®

Airflow obstruction or emphysema are markers of an increased risk for lung cancer. The severity of airflow obstruction
and the presence of emphysema are both independent risk factors and may be useful indicators for triaging patients

for more careful lung cancer surveillance,#00:404-406,408-410,414)

Leveraging incidental lung imaging abnormalities for COPD case-finding

Factors other than cigarette smoking can increase the risk of COPD (e.g., premature birth, genetic predisposition,
environmental exposures, childhood infections, etc.) and these individuals may undergo chest imaging for evaluation
of respiratory symptoms. These individuals have no or minimal exposure to cigarette smoking and are usually of
younger age and distinct from the population undergoing annual LDCT for lung cancer screening. The CT scans
themselves can be used to help identify individuals at increased risk for COPD in the non-lung cancer screened
population and prompt consideration for spirometry.
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Emphysema is a hallmark of COPD and easily detected on chest imaging, either through visual inspection via a
radiologist or through quantitative lung density.#"413 Lung imaging may also identify other abnormalities that may
indicate the presence of COPD including air trapping, airway wall thickening and mucus plugging. (182403407.415-417) Thage
abnormalities not only associate with the presence of airflow obstruction but may indicate patients that have a more
rapid decline in lung function and worse quality of life, #18421)

While quantitative analysis of LDCT data is often not available in clinical settings, the presence of emphysema and
other airway abnormalities should raise clinical suspicion for COPD and lead to a detailed assessment of symptoms
and consideration for pulmonary function testing if not previously performed. The use of spirometry in targeted
patients undergoing lung cancer screening, or when incidental imaging abnormalities consistent with airways disorders
are found, is recommended by GOLD.#22)

While case-finding strategies for COPD remain the most immediately actionable approach, it is also worth considering
longer-term, population-level strategies to better understand and preserve lung health. Increasing evidence highlights
the remarkable variability in pulmonary function both within individuals over time and between individuals across the
life course. Genetics, infections, and environmental exposures all contribute to differences in lung growth and decline.
By analogy to pediatric growth charts, one could envision universal spirometry beginning around age five or six and
continuing periodically into adulthood. Mapping individual trajectories in thisaway’could allow people to serve as their
own controls, enabling earlier identification of deviations from expected patterns.“2 Although such an approach may
not yet be feasible on a large scale, articulating this concept underscores the potential for future prevention strategies
to maintain lung health before overt disease develops.

aw 7

INITIAL ASSESSMENT

Once the diagnosis of COPD has been confirmed by spirometry, COPD assessment must focus on the following five

fundamental aspects to guide therapy:

Severity of airflow obstruction

Nature and magnitude of current symptoms

Previous history of moderate and severe exacerbations
Blood eosinophil count

Presence and type-of other diseases (multimorbidity)

In the presence of FEV1/FVC ratio < 0.7 the assessment of airflow obstruction severity in COPD (note that this may be
different from severity of the disease) is based on the post-bronchodilator value of FEV1 (% GLI-Global; see Spirometry
section). The specific spirometric cut points are proposed for purposes of simplicity (Figure 2.10).

Because there is only a weak correlation between the severity of airflow obstruction (Figure 2.10) and the symptoms
experienced by the patient or the impairment of their health status,#24425 formal assessment of symptoms using
validated questionnaires is required.

Dyspnea questionnaire: the mMRC dyspnea scale
The mMRC scale was the first questionnaire developed to measure breathlessness, which is a key symptom in many
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patients with COPD, although often unrecognized.25 (Figure 2.11) Of note, the mMRC score relates well to other

multidimensional health status measures®“2) and predicts future mortality risk.#28429)

GOLD Grades and Severity of Airflow Obstruction in COPD

(based on post-bronchodilator FEV1)

Figure 2.10

In patients with COPD (FEV1/FVC < 0.7):

GOLD 1: Mild
GOLD 2: Moderate
GOLD 3: Severe
GOLD 4: Very Severe

FEV1 > 80% predicted

50% < FEV1 < 80% predicted

30% < FEV1 < 50% predicted

Modified MRC Dyspnea Scale

FEV1 < 30% predicted

Figure 2.11

PLEASE TICK IN THE BOX THATAPPLIES TO YOU | ONE BOX ONLY | Grades 0 -4

mMRC Grade 0

| only get ]
breathless wit
strenuous exereise

[ ]

(

mMRC Grade 1

| get short of
breath when
hurrying on the
level or walking
up a slight hill

[]

mMRC Grade 2

| walk slower than
people of the
same age on the
level because of
breathlessness,
or | have to stop
for breath when
walking on my
own pace on the

level

mMRC Grade 3

| stop for breath
after walking
about 100 meters
or after a few
minutes on the
level

Reference: American Thoracic Society. Am Rev Respir Dis 1982;126(5):952-6.
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mMRC Grade 4

| am too
breathless to
leave the house
or | am breathless
when dressing or
undressing

[ ]
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Multidimensional questionnaires

It is now recognized that COPD impacts patients beyond dyspnea.“2? For this reason, multidimensional questionnaires
are recommended. The most comprehensive disease-specific health status questionnaires such as the CRQ“3) and
SGRQ“%) are important research tools but they are too complex to use in routine practice. Shorter comprehensive
measures, such as the CAAT™ and the CCQ® have been developed and are suitable for use in the clinic. Below we

discuss the CAAT™ and the SGRQ.

The CAAT™*/CAT™" is an 8-item questionnaire that assesses health status in patients with COPD (Figure 2.12).(433434) |¢
was developed to be applicable worldwide and validated translations are available in a wide range of languages. The
score ranges from 0 to 40, correlates very closely with the SGRQ, and has been extensively documented in numerous

publications.®3%

CAAT™ Assessment

Figure 2.12

For each item below, place a mark (x) in the box that best describes you currently.
Be sure to only select one response for each question.

v
lam vqua

EXAMPLE: | am very happy O 234 {5
A
I never cough 0/11)12]13])14]|5 | eotigh all the time
I have no phlegm (mucus) in my My chest is completely full of
0J11)(2)13)4](54
chest at all ( phlegm (mucus)
My chest does not feel tight at all 01112)(3)® 5 My chest feels very tight
When | walk up a hill or one flight | When | walk up a hill or one flight of
; 0]|1823]14][5 .
of stairs | am not breathless <\ stairs | am very breathless
I am not limited doing any (A I am very limited doing activities at
A QY11)12/(3]|4](5
activities at home home
I am confident leaving my home I am not at all confident leaving my
) = 0J|11)(2)(3])|4][5 s
despite my lung condition home because of my lung condition
| Shesrisbinidly 011216125 I don‘t slefeP soundly because of my
lung condition
I have lots of enérgy 0f(1]12](3])(4]|5 | have no energy at all

Score

Reference: Jones et al. ERJ 2009; 34 (3); 648-54.

TOTAL SCORE:

CAT™ has been renamed as the Chronic Airways Assessment Test CAAT™; CAT™ and CAAT™ are equivalent and the scores are

interchangeable.

The COPD Assessment Test was developed by a multi-disciplinary group of international experts in COPD supported by GSK. COPD Assessment Test and the CAT ™ logo is a trademark of the

GlaxoSmithKline group of companies. © 2009 GlaxoSmithKline. All rights reserved. GSK activities with respect to the COPD Assessment Test™ are overseen by a governance board that includes

independent external experts, one of whom chairs the board.

* The COPD Assessment Test CAT™ was designed to assess the impact of COPD on a person’s health status. To facilitate its use in other chronic airway diseases, CAT™ has been renamed as

the Chronic Airways Assessment Test CAAT™. CAT™ and CAAT™ are equivalent, and the scores are interchangeable.
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The SGRQ is the most widely documented comprehensive measure; scores < 25 are uncommon in diagnosed patients
with COPD,2 and scores > 25 are very uncommon in healthy persons.®3437) Therefore, it is recommended that a
symptom score equivalent to SGRQ score 2 25 should be used as the threshold for considering regular treatment for
symptoms including breathlessness, particularly since this corresponds to the range of severity seen in patients
recruited to the trials that have provided the evidence base for treatment recommendations. The equivalent cut-point
for the CAAT™ is 10.“38) An equivalent mMRC score cannot be calculated because a simple breathlessness cut-point
cannot equate to a comprehensive symptom score cut-point. The great majority of patients with an SGRQ of > 25 will
have an mMRC of > 1; however, patients with mMRC < 1 may also have a number of other COPD symptoms.“39 For
this reason, the use of a comprehensive symptom assessment is recommended. However, because use of the mMRC
is widespread, an mMRC of 2 2 is still included as a threshold for separating “less breathlessness” from “more
breathlessness.” Nevertheless, users are cautioned that assessment of other symptoms is required.“?

An exacerbation of COPD is an acute event with symptoms worsening over a few days (up to 14 days) and characterized
by increased dyspnea and/or cough and sputum which may be accompanied by tachypnea and/or tachycardia and is
often associated with increased local and systemic inflammation caused by infection, pollation, or other insult to the
airways. (see Chapter 4).44%443) Eyen one moderate or severe exacerbation treated with steroids and/or antibiotics is
key in the natural history of the disease as these episodes significantly impact theé health status of the patient (often
for a prolonged period of time), enhance the rate of lung function decline, worsén the prognosis of the patient and
are associated with much of the healthcare costs of COPD.“44) Exacerbation/rates vary greatly between patients45
and during follow-up.?4® The most commonly used predictor of having an exacerbation is a previous history of an
exacerbation event with greater risk seen in those experiencing more.than one exacerbation requiring steroids and/or
antibiotics, particularly one requiring hospitalization.“*® Worsening of airflow obstruction is associated with an
increasing prevalence of exacerbations, hospitalization®8440)and risk of death.(172448)

There is evidence that on average blood eosinophil.counts are higher in patients with COPD, although there is marked
overlap with healthy individuals.#24%) Highér-blood eosinophil counts in patients with COPD are associated with
increased numbers of eosinophils in the lungs’and higher levels of markers of T2 inflammation in the airways, although
the concordance between blood and ‘lung/airways T2 biomarkers is not strict.#51452) These differences in airway
inflammation may explain the differential response to ICS treatment according to blood eosinophil counts. 453

The repeatability of blood egsinophil counts appears reasonable,® although greater variability is observed at higher
thresholds,“%® with bettér reproducibility at lower thresholds (e.g., < 100 cells/pL).4%8)

Cohort studies have produced differing results with regard to the ability of blood eosinophils to predict future
exacerbation outcomes, with either no relationship®S? or a positive relationship reported.“5845) Differences between
studies are likely to be related to different previous exacerbation histories and ICS use. There is insufficient evidence
to recommend that blood eosinophils should be used to predict future exacerbation risk on an individual basis in
patients with COPD. Greater FEV1 decline was observed in patients with COPD who had mild to moderate airflow
obstruction and higher blood eosinophil counts in a population where ICS use was low,“8% highlighting the possible
usefulness of blood eosinophil counts as a prognostic biomarker for lung function decline when not confounded by
ICS use. In younger individuals without COPD, higher blood eosinophil counts are associated with increased risk of
subsequent development of COPD.“&Y

A number of studies have shown that blood eosinophil counts predict the magnitude of the effect of ICS (added on
top of regular maintenance bronchodilator treatment) in preventing future exacerbations; blood eosinophil counts
are recommended by GOLD to guide the use of ICS as part of pharmacological management (see Chapter 3, Figures
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3.8, 3.9 and 3.10).(462:467)

People with COPD often suffer other concomitant chronic diseases (multimorbidity). This can occur in patients with
mild, moderate or severe airflow obstruction."”2 Multimorbidity influences mortality and hospitalizations
independently of the severity of airflow obstruction,® and deserves specific treatment. Therefore, comorbid
conditions should be looked for routinely, and treated appropriately if present, in any patient with COPD.
Recommendations for the diagnosis, assessment of severity, and management of individual comorbid diseases are the
same as for patients without COPD.

Frequent multimorbid diseases in COPD include CVD,®) metabolic syndrome, osteoporosis, depression, and anxiety,
with the coexistence likely due to shared risk factors (e.g., aging, smoking, alcohol, diet, and inactivity).“4446%-471) |y
addition, COPD itself may increase the risk for other comorbid diseases (e.g., COPD (particularly emphysema) and lung
cancer).#72473) Whether the association between COPD and lung cancer is due to common risk factors (e.g., smoking),
involvement of shared susceptibility genes and/or impaired clearance of carcinogens is unclear. COPD can also have
significant extrapulmonary (systemic) effects including weight loss, nutritional abnormalities, and skeletal muscle
dysfunction. The latter is characterized by both sarcopenia (loss of muscle cells)and abnormal function of the
remaining cells.“ |ts causes are likely multifactorial (e.g., inactivity, poor diet, inflammation and/or hypoxia) and it
can contribute to exercise intolerance and poor health status in patients with COPD. Importantly, skeletal muscle
dysfunction is a modifiable source of exercise intolerance by rehabilitation.“’”® A more detailed description of the
management of COPD and morbidities is provided in Chapter 5.

Patients with COPD often suffer CVD and vice versa, although these may be ignored by the attending physician who
focuses on her/his disease of interest (lung or heart).478470) This has important clinical implications because the
appropriate treatment of lung and heart diseases may be associated with better outcomes for the patient. It is
important, however, to differentiate between patients with clinically stable disease and patients suffering acute
episodes of increased symptoms, so-called exacerbations of COPD.

Clinically stable COPD

The prevalence of CVD, including arterial hypertension, coronary artery disease, heart failure and arrhythmias is
increased in patients with clinically stable COPD.2%4470) CVDs are a prominent cause of death in COPD, particularly in
patients with mild-moderate airflow obstruction.“’® Unfortunately, these CVDs often go unnoticed and, therefore,
untreated.#76477)

The mechanisms underlying the frequent co-existence of COPD and CVD are multiple. First, CVD and COPD share risk
factors (e.g., aging, smoking), a concept that is now recognized as a syndemic occurrence.?® Second, several
abnormalities characteristic of COPD can contribute to CVD, including: 1) COPD is often associated with persistent
systemic inflammation which, in turn, can cause endothelial dysfunction, platelet activation and coagulation disorders,
all of which can then contribute to CVD;“#’® 2) abnormal pulmonary gas exchange in patients with COPD can cause
arterial hypoxemia and myocardial hypoxia, with impaired contractility and increased risk of arrhythmias; 3) lung
hyperinflation in COPD reduces venous return and compresses the lung vessels, thus limiting cardiac output and
oxygen delivery to tissues; 4) COPD-related exertional dyspnea results in decreased physical activity (which can be
aggravated by anxiety/depression that are other frequent COPD comorbidities), a well-established cardiovascular risk
factor. On the other hand, CVD can also contribute to worsening health status in patients with established COPD
through several potential mechanisms, including: 1) alveolar and bronchial edema due to abnormal myocardial
contractility; 2) post-capillary pulmonary hypertension; 3) reduced skeletal muscle oxygen delivery, further

contributing to reduced physical activity in these patients.
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From the above it follows that the presence of major CVD (arterial hypertension, coronary artery disease, heart failure,
arrythmia) needs to be investigated in any patient with COPD,“82481) and if present treated according to available
guidelines.®D Of note, the use of established CV risk scores in the general population, such as Framingham or QRisk,
may underestimate CVD in patients with COPD, and merits further research.#848) |jkewise, the inclusion of
spirometric variables (e.g., FEV1) may augment the predictive value of the standard cardiovascular risk scores in
use.#80482) This also merits research.

Exacerbations

Many patients with COPD develop exacerbation episodes during the course of their disease that impact their health
status and prognosis. The mechanisms and management of exacerbations are well described in Chapter 4. Yet it is
worth noting that the cardiovascular risk during and after such episodes increases significantly, likely in relation to
worsening of the factors that contribute to CVD during periods of clinical stability described above (systemic
inflammation, abnormal pulmonary gas exchange, gas trapping and lung hyperinflation). On the other hand, the
cardiovascular mechanisms that can influence lung function (reduced myocardial contractility.leading to pulmonary
edema, pulmonary hypertension and poor perfusion of systemic organs (including the diaphragm)) also worsen during
exacerbations. As a result, during an exacerbation the risk of an acute cardiovascular event, such as myocardial
infarction, arrhythmias and stroke, increases further,“ particularly in those severe exacerbations that require
hospitalization.#8) Importantly, this risk remains high during the first few weeks.after hospital discharge, and it can
still remain significantly increased even one year later.“81.483485) A mylti-colintry real-world analysis of studies based
on a common protocol reported significant increased risk of severe cardiovascular events following both moderate
and severe exacerbations, including newly diagnosed patients.“8

These considerations have several relevant implications for the ' management of exacerbations:

1) The current GOLD recommendations emphasize the importance of an appropriate differential diagnosis of
exacerbations from other conditions that may mimic/aggravate them (e.g., heart failure).#80 Yet, if they do
exist, they need to be treated appropriately.

2) It may be advisable to measureroutinely during exacerbations markers of CVD, such as troponin and brain-
natriuretic peptides.#8481) The evidence supporting this proposal is still weak, but the observations discussed
above support it.483484) |f any of these markers are abnormal during the exacerbation, appropriate further
investigations and treatment are required following CVD recommendations.

3) Currently, therelis no evidence to support the routine use of preventive cardiovascular treatment (e.g., aspirin)
during or following an exacerbation, but this again merits research. Similarly, B-blockers and statins need to
be prescribed following their CVD indications although these drugs did not show any benefit in clinically stable
patients with COPD without CVD indications. Importantly, patients with COPD should not be denied B-blocker
use if there is a CVD indication.

4) Finally, although preventing exacerbations is already a main goal of COPD treatment because of their impact
on the prognosis, lung function and health status of the patient,#Z? the increased cardiovascular risk that
occurs during and following the acute episode is another strong clinical argument to prevent these acute
episodes, as discussed in detail in Chapter 4.

In 2011, GOLD proposed moving from a simple spirometric grading system for disease severity assessment and
treatment to a combined assessment strategy based on the level of symptoms (mMRC or CAAT™), the severity of
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airflow obstruction (GOLD grades 1-4), and the frequency of previous exacerbations. This classification was proposed
to guide initial pharmacological treatment. The main step forward achieved by this combined assessment strategy was
to incorporate patient-reported outcomes and highlight the importance of exacerbation prevention in the
management of COPD. The initial version of the combined assessment relied on both the severity of airflow
obstruction (GOLD grades 1-4) and the frequency of previous exacerbations to assess exacerbation risk.

The severity of airflow obstruction was subsequently removed from this combined assessment scheme considering its
lower precision at the individual level (versus that at a population level) to predict outcomes and drive treatment
decisions, while complexifying the use of the classification by clinicians.(#25448488489)

In the 2023 GOLD report, GOLD proposed a further evolution of the ABCD combined assessment tool that recognized
the clinical relevance of exacerbations, independently of the level of symptoms of the patient. Figure 2.13 presents
the recommendations for patients who are naive to pharmacological treatment. The A and B groups remained
unchanged, but the C and D groups were merged into a single group termed “E” to highlight the clinical relevance of
exacerbations. It was acknowledged that this proposal needs to be validated by appropriate clinical research.
Observational studies“42) have shown that even one moderate or severe exacerbation prior to initiating
maintenance pharmacological therapy increases the risk of subsequent events; this risk-is further increased if there
are more frequent or severe events.“674924%) Consequently, Group E has been modified to include individuals with
one moderate exacerbation in the previous year.

GOLD ABE Assessment Tool

Figure 2.13

I Assessment of

Spirometrically Assessment of '
confirmed diagnosis airflow-obstruction symptoms/risk of
exacerbations
EXACERBATION
HISTORY
FEV1
GRADE (% predicted) {FERYERK)
One or more (2 1)
GOLD1 >80 moderate or severe E
e ot exacerbations in the
ost-bronchodilator ;
50-79 revious year
FEV1/FVC< 0.7 GOLb 2 B ! V.
GOLD 3 30-49 Zero (0)
moderate or severe A B
exacerbations in the
GOLD 4 <30 previous year
> v 4
mMRCO0O-1 | mMRC=>2
CAAT <10 CAAT 210
y

SYMPTOMS
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MONITORING AND FOLLOW-UP

Routine follow-up of patients with COPD is essential. Lung function may worsen over time, even with the best available
care. Symptoms, exacerbations and objective measures of airflow obstruction should be monitored to determine
when to modify management and to identify any complications and/or comorbidities that may develop.

Symptoms

At each visit, information on symptoms since the last visit should be collected, including cough and sputum,
breathlessness, fatigue, activity limitation, and sleep disturbances, including insomnia. Questionnaires such as the
CAAT™E33) can be used; trends and changes are more valuable than single measurements.

Exacerbations

The frequency, severity, type and likely causes of all exacerbations®%®) should be monitored. Sputum volume and
presence or absence of sputum purulence should be noted. Specific inquiry into response”to“previous treatment,
unscheduled visits to providers, telephone calls for assistance, and use of urgent or_€mergency care facilities is
important. Hospitalizations should be documented, including the facility, duration of stay, and any use of critical care
or mechanical ventilatory support.

Adherence and appropriate use of prescribed treatments
This is a key action in the chronic management of patients with COPD that should be mandatory in each clinical visit.
The following aspects need careful and personalized attention:

Dosages of prescribed medications
Adherence to the regimen

Inhaler technique

Effectiveness of the current regime
Side effects

Smoking status
At each visit, the current smoking status and smoke exposure should be determined followed by appropriate action.

Measurements

Decline in FEV1 can be tracked by spirometry performed at regular intervals (e.g., yearly) to identify patients who are
declining quickly, although other lung function parameters reflecting hyperinflation and gas transfer may also be
informative.

A timed walking test (6MWD or shuttle-walking test) provides additional information regarding prognosis.#%6:497)
Measurement of oxygenation at rest in an arterial blood gas sample may help identify patients who will benefit from
supplemental oxygen to improve both symptoms and survival in those with severe resting hypoxemia.

Imaging
If there is a clear worsening of symptoms, imaging may be indicated. When exacerbations are repeatedly characterized
by purulent sputum, patients should be investigated for bronchiectasis.

Comorbidities
Symptoms that may indicate the development or worsening of a comorbid condition such as lung cancer, obstructive
sleep apnea, congestive heart failure, ischemic heart disease, osteoporosis, or depression/anxiety should be recorded.
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If present, an appropriate diagnostic work-up should follow (see also Chapter 5).

ADDITIONAL INVESTIGATIONS

In cases where there is a marked discordance between the level of airflow obstruction and the perceived symptoms,
a more detailed evaluation should be carried out to better understand lung mechanics (e.g., full lung function tests
and exercise testing), lung structure (e.g., CT) and/or comorbidities (e.g., ischemic heart disease) that might impact
patient symptoms.

Lung volumes

Patients with COPD exhibit gas trapping (a rise in residual volume) from the early stages of the disease, and as airflow
obstruction worsens, static hyperinflation (an increase in total lung capacity) occurs, particdlarly during exercise
(dynamic hyperinflation). These changes can be documented by body plethysmography, orless accurately by helium
dilution lung volume measurement. Lung volumes are helpful in determining the cause.of persistent dyspnea, exercise
intolerance and in the consideration of lung reduction treatments.

Carbon monoxide diffusing capacity of the lungs

The single breath DLco measurement“® evaluates the gas transfer propértiés of the respiratory system. DLco is well-
standardized, with valid predicted values of practical utility.(336:4%99-50) The advent of reliable portable systems capable
of providing accurate determinations in the field, expands its potential use as a complement to the information
provided by spirometry.%) DLco should be measured in any person with symptoms (dyspnea) disproportionate to the
degree of airflow obstruction since reduced DLco values <<60% predicted are associated with increased symptoms,
decreased exercise capacity, worse health status,®3%08) gnd increased risk of death, independently of the severity of
airflow obstruction and other clinical variables.®-519) Further, DLco has been shown to be a strong predictor of COPD
hospitalizations, independent of airflow obstructien‘and prior hospitalizations.®' Additionally, in patients with COPD,
low DLco values help preclude surgical lung resection in patients with lung cancer®2 while in smokers without airflow
obstruction, values < 80% predicted (as a'marker of emphysema) signal an increased risk for developing COPD over
time.(13)

Over time, people with COPD have an accelerated decline in DLco compared to smokers without the disease, and this
decline is significantly greater-in women than men.(451% However, DLco decline is slow, and years of follow up are
often needed before a meaningful change in DLco is detected.

Oximetry and arterial blood gas measurement

Pulse oximetry can be used to evaluate a patient’s arterial oxygen saturation and need for supplemental oxygen
therapy at the point-of-care and should be used to assess all patients with clinical signs suggestive of respiratory failure
or right heart failure. If peripheral oxygen saturation is < 92%, arterial blood gases should be measured due to the
imperfect correlation between oxygen saturation detected via pulse oximetry as compared to arterial blood gas.®16)
Further, pulse oximetry does not provide information on PaCO, or pH, which may have potential therapeutic
implications (e.g., non-invasive ventilation).

Exercise testing and assessment of physical activity

In some cases, patients may complain of minimal symptoms despite severe airflow obstruction. This may be due to
reduced dyspnea perception®? and/or life-style adaptations (sedentarism) to reduce dyspnea generation. In these
cases, exercise tests such as the 6MWD may reveal that the patients are severely constrained and do need more
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intense treatment (e.g., rehabilitation) than the initial evaluation would have suggested.

Further, objectively measured exercise impairment, assessed by a reduction in self-paced walking distance®18519 or
during incremental exercise testing in a laboratory,®2 is a powerful indicator of health status impairment and
predictor of prognosis.®2) Laboratory testing using cycle or treadmill ergometry can assist in identifying co-existing or
alternative conditions e.g., cardiac diagnoses. Walking tests can be useful for assessing disability and risk of
mortality®22 and are used to assess the effectiveness of pulmonary rehabilitation. Both the paced shuttle walk test23)
and the self-paced 6MWD test can be used.®24525 As the course length has a substantial impact on the distance
walked, existing reference equations established for a 30-meter course cannot be applied to predict the distance
achieved on shorter courses.%2)

Monitoring physical activity may be more relevant regarding prognosis than evaluating only exercise capacity.®2) This
can be conducted using accelerometers or multi-sensor instruments.

Chest X-ray

A chest X-ray is not useful to establish a diagnosis in COPD, but it is valuable in excluding alternative diagnoses and
establishing the presence of significant comorbidities such as concomitant \respiratory (pulmonary fibrosis,
bronchiectasis, pleural diseases), skeletal (e.g., kyphoscoliosis), and cardiac diseases (e.g., cardiomegaly). Radiological
changes associated with COPD may include signs of lung hyperinflation (flattened diaphragm and an increase in the
volume of the retrosternal air space), hyperlucency of the lungs, and rapid tapering of the vascular markings.

Computed tomography
CT provides insights into the structural and pathophysiologic:abnormalities present in COPD. This has led to enhanced
understanding of disease phenotypes, severity, and outcomes.

CT and emphysema

Emphysema distribution and severity can/bé readily assessed and can assist with decision making for LVRS or
endobronchial valve placement. While historically this has been performed based on expert radiologist visual analysis,
particularly for LVRS, increasingly quantitative analysis for emphysema extent, location and fissure integrity is now
commonly used to assist with endobronchial valve therapy decision making. Endobronchial valve therapy has also
expanded the pool of patients where CT evaluation is used more routinely as patients with post-bronchodilator FEV1
between 15%-45% and evidence of marked hyperinflation on plethysmography may benefit.28529 The percentage of
lung with low attenuation area defined as percentage of voxels with density < -950 Hounsfield Units is the most
common way to objéctively quantify emphysema on CT and correlates with presence of emphysema on lung pathology
and physiological measurements of airflow obstruction as well as increased risk for symptoms, exacerbations, risk of
lung cancer, disease progression and death.(#12421510.530531) Additionally there is evidence to indicate that upper lobe
emphysema, in particular, may also help identify individuals most at risk for rapid lung function decline®® and
emphysema progression.(©33)

CT and lung nodules

While chest CT is not required for COPD diagnosis, more patients with COPD are now undergoing CT as part of
evaluation of pulmonary nodules detected on chest X-ray or assessment for concurrent lung disease. Recently, the
number of patients who would potentially benefit from chest CT has also expanded. The American Cancer Society now
suggests individuals aged 50-80 with 20 pack years smoking history regardless of years since quitting should be
considered for lung cancer with CT imaging, although access to such screening varies widely across the world.
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CT and airways

Additional CT features relevant to COPD include airway abnormalities. One well described feature includes
bronchiectasis, which is visible on CT in roughly 30% of patients with COPD. Bronchiectasis is associated with increased
exacerbation frequency and mortality,53¥ although it is not yet known whether treatment according to bronchiectasis
guidelines influences these outcomes. Airway mucus plugs can also be visualized on CT and systematically counted to
create a mucus plug score. Higher scores have been associated with poorer lung function, higher CAAT™ score, more
frequent exacerbations and increased mortality, although there is incomplete overlap between presence of mucus
plugs and mucus specific symptoms.(188190.5355%6) Nycus plugging has also been associated with elevated blood
eosinophils, suggesting it is associated with Type 2 inflammation, although plugging may also be associated with other
phenotypes.12) As systematic scoring for mucus plugging is tedious, mucus plug scoring is not yet done routinely in
clinical practice but is an area of intense research.

More detailed computer assisted CT analysis also enables quantification of the airways which have been associated
with airflow obstruction, symptoms and exacerbations, 831537538 g|though these metrics havé been used more in the
research setting. While segmental and subsegmental measures of wall thickness can be made directly, algorithms to
measure and sum measures across multiple airways have also been studied. Measurements of small airways (<2 mm
diameter) must be inferred by comparing inspiratory and expiratory to identify. areas of non-emphysematous gas
trapping. Validated algorithms are becoming increasingly available, even in the clinical setting, that can identify small
airway abnormality through this method.(532849) Small airway abnormality may‘also be present even among individuals
without detectable spirometric obstruction and identify individuals at increased risk for lung function decline.®

CT and COPD related morbidities

It should also be noted that CT imaging of the chest can praovide additional information about COPD comorbidities
including coronary artery calcium, pulmonary artery enlargement, bone density, muscle mass, interstitial lung
abnormalities, hiatal hernias and liver steatosis. Such/CT extracted features have been shown to be independently
associated with all-cause mortality.®22 As technology advances, such information is likely to become increasingly
available to clinicians to enhance patient management.

In summary, chest CT imaging should be considered for patients with COPD who have persistent exacerbations,
symptoms out of proportion to disease\severity on lung function testing or refractory to medical management, FEV1
between 15% and 45% predicted with significant hyperinflation and gas trapping, or for those who meet criteria for
lung cancer screening (Figure.2.14),(510,528,529,534,539-541)

Interstitial lung abnormalities

Findings suggestive 'of'parenchymal lung fibrosis or inflammation are common on chest CT imaging of both smokers
and nonsmokers, and have been termed ILA when discovered incidentally in patients without known ILD.5%2 The
prevalence of ILA ranges from 4% to 9% among older (over 60 years) adults, and spans the spectrum from subclinical
findings to clinical disease.®2 Among 4,360 COPDGene participants, ILA was present in 8% of individuals, with half
meeting criteria for suspected ILD, which was defined as definite fibrosis on CT, FVC < 80% predicted or DLco < 70%
predicted.%%43) |ndividuals with suspected ILD had increased respiratory symptoms and mortality.®42 Fibrotic ILA
(i.e., those with traction bronchiectasis, architectural distortion and honeycombing) are more likely to progress and
are associated with poor outcomes, especially when combined with emphysema.®459) Gjven the clinical relevance of
ILA, multiple studies support clinical evaluation, risk stratification and follow up monitoring of individuals with these
findings.
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Use of CT in Stable COPD

Figure 2.14

Differential Diagnosis Frequent exacerbations with excessive cough with sputum
production, raising concern for bronchiectasis or atypical
infection

Symptoms out of proportion to disease severity based on lung
function testing or refractory to medical management

Lung Volume Reduction Endobronchial valve therapy may be a therapeutic option
for patients if they demonstrate postbronchodilator FEV1
between 15% to 45% and evidence of hyperinflation

Lung volume reduction surgery may be a therapeutic
option for patients with hyperinflation, severe upperdobe
predominant emphysema and low exercise capacity. after
pulmonary rehabilitation

Lung Cancer Screening Annual low-dose CT scan is recommendedfor lung cancer
screening in patients with COPD due tasmoking according to
recommendations for the general population

GOLD recommends that all patients with a diagnosis of COPD should be tested for AATD.(®46:547) Although the classical
patient at the time of diagnosis is young (< 45 years) with panlobular basal emphysema, it has become recognized that
delay in diagnosis has led to identification of'some AATD patients when they are older and have a more typical
distribution of emphysema (centrilobular.apical).®® A low concentration (< 20% normal) is highly suggestive of
homozygous deficiency. Family members-should also be tested and, together with the patient, referred to specialist
centers for advice and management (see Chapter 3).

Several variables identify patients at increased risk for mortality including FEV1, exercise tolerance assessed by walking
distance or peak oxygen’' consumption, weight loss, and reduction of arterial oxygenation. The BODE method gives a
composite score that is a better predictor of subsequent survival than any single component.845%0 Simpler
alternatives that do not include an exercise test have been suggested but need validation across a wide range of
disease severities and clinical settings to confirm that they are suitable for routine clinical use. ®1.552)

There is rapidly increasing interest in the use of biomarkers in COPD. Biomarkers are characteristics (either clinical,
functional, biologic and/or imaging) that are objectively measured and evaluated as an indicator of normal biological
or pathogenic processes or pharmacological responses to therapeutic interventions. In general, such data has proven
difficult to interpret, largely as a result of weak associations and lack of reproducibility between large patient
cohorts.(5%3)

At present blood eosinophil counts provide guidance to identify patients with COPD who are more likely to benefit
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from preventive treatment with ICSs (see Chapter 3).5%

To address the heterogeneity and complexity of COPD in clinical practice, a strategy based on so-called ‘treatable
traits’ has been proposed.®® Treatable traits can be identified based on phenotypic recognition and/or on deep
understanding of critical causal pathways (endotypes) through validated biomarkers (e.g., high circulating eosinophil
levels (a biomarker) identify patients with COPD who are at risk of exacerbations (a treatable trait) in whom treatment
with ICS is most effective).®%® Treatable traits can co-exist in the same patient®2® and change with time
(spontaneously or because of treatment). GOLD highlights the role of two key treatable traits (persistent dyspnea and
exacerbations) in the follow-up algorithm of pharmacological treatment (Figure 3.9) but there are many more
pulmonary and extra-pulmonary traits, as well as behavioral/social risk factors, that merit individual attention and
treatment if present.(329)
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CHAPTER 3: PREVENTION & MANAGEMENT OF COPD

KEY POINTS:

Risk reduction, lifestyle and patient education

e All individuals who smoke should be strongly encouraged and supported to quit. Nicotine replacement
and pharmacotherapy reliably increase long-term smoking abstinence rates. Legislative smoking bans
and counseling, delivered by healthcare professionals, improve quit rates. There is no evidence to
support the effectiveness and safety of e-cigarettes as a smoking cessation aid at present.

e People with COPD should receive all recommended vaccinations in line with the relevant local guidelines.

e COVID-19 vaccines are highly effective against SARS-CoV-2 infection and people with COPD should have
the COVID-19 vaccination in line with national recommendations.

e Influenza, pneumococcal and RSV vaccines have been shown to decrease the jincidence of lower
respiratory tract infections.

e The immunization committees recommend Tdap vaccination (dTaP/dTPa; ‘pertussis, tetanus and
diptheria) for people with COPD who were not vaccinated in adolescence; and routine use of shingles
vaccine.

Pharmacological maintenance treatment of COPD

e Initial pharmacological treatment of COPD should be individualized and guided by the severity of
symptomes, risk of exacerbations, side-effects, comorbidities,drug availability and cost, and the patient’s
preference, and ability to use various drug delivery devices;

e Patients should be reviewed after a suitable interval{shorter in patients with more severe disease, and
longer in patients with less severe disease) and-reassessed for attainment of treatment goals and
identification of any barriers for successful treatment.

e Inhaler technique and adherence need to be assessed regularly.

Non-pharmacological treatment of COPD

e Non-pharmacological treatment of €OPD is complementary to pharmacological maintenance treatment
and should form part of comprehensive management.

e Pulmonary rehabilitation, .including exercise training combined with disease-specific education,
improves exercise capacity, symptoms, and quality of life across all grades of COPD severity.

e LTOT should not be prescribed routinely for patients with stable COPD and resting or exercise-induced
moderate desaturation, but it may improve survival in patients with severe resting chronic hypoxemia
(Pa02 <55 mmHg or < 60 mmHg if there is cor pulmonale or secondary polycythemia).

o Long-term/NIV' may be of some use in a selected group of patients, particularly those with pronounced
daytime hypercapnia and recent hospitalization.

Palliative, interventional and surgical therapies

e In select patients with advanced emphysema refractory to optimized medical care, surgical or
bronchoscopic interventional treatments may be beneficial.

o Palliative approaches are effective in controlling symptoms in advanced COPD.

INTRODUCTION

The aim of COPD management is to reduce symptoms and future risk (Figure 3.1). Patients with COPD should have an
assessment of the severity of their airflow obstruction, symptoms, history of exacerbations, exposure to risk factors
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and comorbidities (see Chapter 2) to guide management.

Goals for Treatment of Stable COPD

Figure 3.1

* Relieve Symptoms
e Improve Exercise Tolerance } REDUCE SYMPTOMS

e Improve Health Status

Prevent Disease Progression
Prevent and Treat Exacerbations } REDUCE RISK
Reduce Mortality

Pharmacological and non-pharmacological therapy should be adjusted as necéssary (see below) and further reviews
undertaken (Figure 3.2). This chapter contains recommendations on how to0 manage patients with COPD in clinical
practice and summarizes the evidence about the effectiveness and safety of maintenance and prevention strategies
in COPD on which the recommendations are based.

In chronic inflammatory diseases, the term “disease activity” is often used to refer to biological pathways that (1)
cause the pathological outcomes of the disease and (2) are potentially reversible (or controllable) with treatment. If
left untreated or if treatment is ineffective, disease activity processes can lead to disease progression with permanent
organ damage and dysfunction. Pharmacological treatment with anti-inflammatory drugs can reduce disease activity
and therefore potentially prevent organ.damage in COPD, while some non-pharmacological interventions (e.g.,
smoking cessation, pulmonary rehabilitation and volume reduction in hyperinflated emphysematous patients) can also
reduce disease activity.

Assessing disease activity-and its modulation by interventions generally requires the monitoring of biomarkers that
are related to the reversible or modifiable biological processes. In COPD, there has been progress using biomarkers
(blood eosinophil counts) to identify individuals with type 2 inflammation, but there is a need to identify and validate
other biomarkers of disease activity. Clinical features such as exacerbations, chronic worsening of respiratory
symptoms or disease progression (e.g. lung function decline that is greater than the anticipated normal age-related
loss or progression of radiological evidence of emphysematous destruction) are all measurable indicators of disease
activity.

Low disease activity is manifested clinically by having no exacerbations and no worsening of symptoms over a period
of time accompanied by no accelerated loss of lung function. Achieving low disease activity is a treatment target in
COPD with the aim to prevent any exacerbations over both the short and long term. GOLD recommends that a key
objective of COPD management should be to reduce disease activity with the aim that patients have:

no exacerbations
no worsening of symptoms
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no accelerated loss of lung function.

While reducing disease activity can prevent symptom worsening and may improve symptoms, additional interventions
to further optimize symptom relief may be required. Two terms with similar, but importantly different definitions,
have been proposed to describe the clinical state achieved when considering these outcomes over time:

disease stability — a low disease activity state with no exacerbations, no worsening of symptoms and no
accelerated loss of lung function®%)

disease control — a state of low disease activity, defined by no exacerbations and no worsening of symptomes,
plus low impact on the patient defined as symptoms below a threshold value.%0

Management of COPD

Figure 3.2

Diagnosis
Symptoms l
! v
Risk factors ('\Q‘ Initial Assessment

Spirometry (repeat if borderline)
FEV1-GOLD 1-4

Symptoms (CAAT™ or mMRC) | GOLD

. Y Exacerbation history ABE
( g Adjus& C) Smoking status
Review Pharmacotherapy Blood eosinophil count
Non-pharmacological al- antitrypsin

Symptoms (CAT or mMRC) therapy Comorbidities
Exacerbations V/ ¢
Smoking status l
Exposure to other risk factors Initial Management
Inhaler technique & adherence \

Smoking cessation

Vaccination

Active lifestyle and exercise

Initial pharmacotherapy

Self management education
risk factor management
inhaler technique
breathlessness

Physical activity and exercise {
Need for pulmonary rehabilitation
Self management skills

breathlessness

written action plan

Need for oxygen, NIV, Jurig volume
reduction, palliativé approaches

Vaccination : -
Management of comorbidities written action plan
Spirometry (at least annually) Manage comorbidities

T J

While aiming for control may appear more ambitious than stability, control is unachievable for individuals with
extensive end-organ damage causing a high symptom burden. Although disease control may be more difficult to
achieve in patients with later stage disease due to structural damage, improvements in disease activity may be
achieved with combined pharmacological and non-pharmacological interventions.

Late diagnosis of COPD contributes to a high symptom burden due to the severity of lung pathology with structural
damage at the time of diagnosis. Targeting disease activity at earlier stages of the natural history of COPD has the
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potential to minimize disease progression and associated structural damage, thereby resulting in lower levels of
symptoms and disability. This paradigm requires earlier diagnoses, disease activity evaluation using biomarkers and
therapy that suppresses disease activity.

RISK REDUCTION, LIFESTYLE, AND PATIENT EDUCATION

Identification and reduction of exposure to risk factors is important not only for the primary prevention of COPD but
also as part of the management of a patient with COPD. Cigarette smoking is the most commonly encountered and
easily identifiable risk factor for COPD, and smoking cessation should be continually encouraged for all individuals who
smoke. Reduction of total personal exposure to occupational dusts, fumes, and gases, and to household and outdoor
air pollutants, should also be addressed (Figure 3.3).

Identify & Reduce Risk Factor Exposure

Figure 3.3

~X

Smoking cessation interventions should be actively pursued imall'people with COPD (Evidence A)

Efficient ventilation, non-polluting cooking stoves and simifacinterventions should be recommended
(Evidence B)

Clinicians should advise patients to avoid continued\exposures to potential irritants, if possible
(Evidence D)

Smoking cessation

Smoking cessation is a key intervention ferall patients with COPD who continue to smoke. Healthcare providers are
pivotal in delivering smoking cessation*messages and interventions and should encourage patients to quit at every
available opportunity (Figure 3.4).

A significant proportion of people with COPD continue to smoke despite knowing they have the disease (approximately
40% of those with COPD are current smokers), and continued smoking has a negative impact on prognosis and
progression of the disease.% Smoking cessation has the greatest capacity to influence the natural history of COPD,
it also improves daily symptoms,5%9 and decreases the frequency of exacerbations. (589

For smokers with COPD, the quitting may be more challenging than for smokers without COPD due to greater nicotine
dependence, lower self-efficacy and lower self-esteem.®81:563) |n addition, it has been reported that depression is more
common in smokers with COPD®8 and this could contribute to failed attempts to quit.(284565) Despite these adverse
conditions, if effective time and resources are dedicated to smoking cessation, long-term quit rates of 14% to 27%
have been reported.5)
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Brief Strategies to Help the Patient Willing to Quit

Figure 3.4

Systematically identify all tobacco users at every visit

ASK Implement an office-wide system that ensures that, for EVERY patient at EVERY
clinic visit, tobacco-use status is queried and documented

Strongly urge all tobacco users to quit

ADVISE _ _
In a clear, strong, and personalized manner, urge every tobacco user to quit
Determine willingness and rationale of patient’s desire to make a quit
attempt.

ASSESS

Ask every tobacco user if he or she is willing to make a quit attempt at this time
(e.g., within the next 30 days)

Aid the patient in quitting
Help the patient with a quit plan; provide practical.counseling; provide intra-
ASSIST treatment social support; help the patient obtain-éxtra-treatment social

support; recommend use of approved pharmacaotherapy except in special
circumstances; provide supplementary madterials

Schedule follow-up contact
ARRANGE _ ) )
Schedule follow-up contact, eitherin person or via telephone

As for all smokers, smoking cessation treatment for people with COPD should be adapted to the individual’s needs and
according to the level of tobacco dependence. There is evidence that a combination of counseling and
pharmacotherapy is the most effective:smoking cessation treatment for people with COPD.®8%567) The complexity of
the smoking cessation process .is.largely determined by nicotine addiction. An accurate assessment of nicotine
dependence should therefore.be’carried out for all patients. Some indicators of high nicotine dependence are: smoking
within 30 min of waking up} smoking at night, consuming > 20 cigarettes per day, a score of 7 to 10 on the Fagerstrom
scale or 5 to 6 on the Héaviness of Smoking Index.(588.569)

In addition to individual approaches to smoking cessation, legislative smoking bans are effective in increasing quit
rates and reducing harm from second-hand smoke exposure.®2®

Advice and counseling interventions

A five-step program for intervention (Figure 3.4)67-573) provides a helpful strategic framework to guide healthcare
providers interested in helping their patients stop smoking.871873574) When possible, the patient should be referred to
a comprehensive smoking cessation program that incorporates behavioral techniques that enhance patient motivation
and confidence, patient education, and pharmacological and non-pharmacological interventions. Recommendations
for treating tobacco use and dependence are summarized in Figure 3.5.57Y) Because tobacco dependence is a chronic
disease,®71573) clinicians should recognize that relapse is common and reflects the chronic nature of dependence and
addiction, and does not represent failure on the part of the patient or the clinician.
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Treating Tobacco Use and Dependence

Figure 3.5

Major Findings & Recommendations from the Tobacco Use & Dependence Clinical Practice
Guideline Panel:

Tobacco dependence is a chronic condition that warrants repeated treatment until long-term or
permanent abstinence is achieved

Effective treatments for tobacco dependence exist and all tobacco users should be offered these
treatments

Clinicians and health care delivery systems must operationalize the consistent identification,
documentation, and treatment of every tobacco user at every visit

Brief smoking cessation counseling is effective and every tobacco user should be offeced such
advice at every contact with health care providers

There is a strong dose-response relation between the intensity of tobacco dependence counseling
and its effectiveness

Three types of counseling have been found to be especially effective: practical counseling,
social support of family and friends as part of treatment, and social-sdupport arranged outside of
treatment

First-line pharmacotherapies for tobacco dependence — varenicline, nortriptyline, bupropion
sustained release, nicotine gum, nicotine inhaler, nicoting nasal spray, and nicotine patch—
are effective and at least one of these medications should be prescribed in the absence of
contraindications

Financial incentive programs for smoking cessation may facilitate smoking cessation

Tobacco dependence treatments are cost effective interventions

Reference: The Tobacco Use and Dependénce Clinical Practice Guideline Panel. JAMA 2000; 283(24): 3244-54

Counseling delivered by physiciansand other health professionals significantly increases quit rates over self-initiated
strategies.®™ Even brief (3-minute) periods of counseling urging a smoker to quitimprove smoking cessation rates.®%®

In patients with COPD acetwork meta-analysis showed a trend for smoking cessation counseling alone to be superior
than usual care.®”® Another study reported a continuous one-year abstinence rate of 1.4% for usual care, 2.6% for
minimal counseling (< 90 min), 6% for intensive counseling (= 90 min), and 12.3% for intensive counseling plus
pharmacotherapy.%) However, controversy remains as to whether more intensive individual counseling is more
effective when combined with pharmacotherapy.®2®)

Household and outdoor air pollution

Reducing exposure to household and outdoor air pollution requires a combination of public policy, local and national
resources, cultural changes, and protective steps taken by individual patients. Reduction of exposure to smoke from
biomass fuel is a crucial goal to reduce the prevalence of COPD worldwide. Efficient ventilation, non-polluting cooking
stoves and similar interventions are feasible and should be recommended.©19

Occupational exposures
There are no studies that demonstrate whether interventions that reduce occupational exposure also reduce the
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burden of COPD, but it seems logical to advise patients to avoid ongoing exposures to potential irritants e.g., dusts,
fumes and gases, if possible.

Climate change and COPD

Climate change has increased the frequency, intensity and geographic distribution of extreme weather events such as
heatwaves, severe winter conditions, floods, droughts, hurricanes, thunderstorms, wildfires and dust storms. Excess
deaths have been reported during heatwaves in all regions of the world, 877583 and during periods of cold weather. (58
587) Epidemiological studies confirm the association between exposure to extreme, but not moderate, heat and
mortality,®88590) with the mortality impact of extreme high temperatures increasing with the length of the heat
episode.®®) Temperature thresholds for given health impacts are unique to particular locations, with greater effects
of heat in large cities and colder regions where extreme temperatures were not previously common, and greater
effects of falls in temperature in warmer regions that were unused to cold.8590 The effects of heat also vary with
levels of atmospheric humidity and air pollution. (578.592.59)

Population studies have consistently found that people with COPD are at increased risk of death“as a consequence of
exposure to both heat and cold,®%5%) with cold leading to a greater risk than heat.®223%)'As well as the effects on
mortality, higher outdoor temperatures are associated with an increased risk of hospitalization for COPD (86.59%:601) g
lower outdoor temperatures are associated with an increased risk of exacerbations:6%

Most studies have examined the effect of outdoor air temperature on mortality and morbidity in COPD; however,
many patients, particularly those with more severe disease, spend much. of their time indoors. Indoor temperature
and humidity vary significantly between dwellings despite similar(outdoor conditions, and are influenced by the
building type, insulation, presence of heating, sun shades and ventilation, socioeconomic factors including the ability
to afford heating, and behavioral factors such as cooking and bathing.©%6%) |ndoor temperatures are often higher
than outdoor including during heatwaves, %897 gnd high.indoor humidity can exacerbate the adverse effects of heat
by impeding natural evaporative cooling. Lower indoortemperatures during cold periods are found in older properties,
in those lacking heating systems and those that are éxpensive to heat.€®) Even if heating is available, patients with
COPD may not heat their bedrooms at night and'may keep windows open overnight even in winter.(6%2610

Studies of the relationship between temperature, symptoms and lung function in COPD at an individual patient level
have shown higher outdoor temperature is associated with increased dyspnea® particularly on days that patients
go outside.®!2 Higher indoor temperatures are associated with increased symptoms and SABA use®2 and colder
indoor and outdoor temperatukes are also associated with increased cough and sputum, increased SABA use and a fall
in FEV1.(609611-613) Qyer an autumn, winter and spring period (with average minimum outdoor temperature of 2.9°C
and maximum of 10.1°C)<ealth status was better in patients with at least 9 hours of indoor temperature > 21°C.614

Weather also has a significant impact on air quality. Ozone levels strongly correlate with temperature, as its generation
depends on high temperatures and sunlight,©% and the generation and dispersion of air pollutants may be influenced
by local patterns of wind, solar radiation and precipitation, especially in urban areas.®® Some studies have shown
synergistic effects between heat and air pollution exposure on all-cause mortality, and hospital admissions in general
populations;8%817.618) however, there are also studies showing no interaction.€9620 A synergistic effect of low
temperatures and ozone concentrations on the general population has also been found in some countries (e.g., China
and Hong Kong)®21622) byt not in others.®810 Although not widely studied, there is conflicting evidence regarding the
interactive effects of outdoor heat and pollution on respiratory outcomes.826623.624) Sayera| studies have looked at the
interactive effects of pollution and temperature in people with COPD. There appears to be a greater effect of pollutants
on COPD hospital admissions and emergency visits at low temperatures or during winter.€25-628 Qutdoor air pollutants,
including PM2.5, NO,, and ozone do not appear to worsen the effect of outdoor temperature on symptoms,€2 but
the detrimental effect of higher indoor temperatures on symptoms appears to be potentiated by higher indoor
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concentrations of PM2.5 and NO,.%22 The conflicting findings regarding interactions between temperature and
pollutants on symptoms and exacerbations in people with COPD may, in part, reflect differences in behaviors that
affect exposure, such as avoiding going out, opening windows and using air conditioning.

The mechanisms by which heat exposure and cold adversely impact COPD are not well understood. However, on the
basis of the evidence showing a relationship between high and low temperatures and morbidity and mortality, patients
with COPD living in temperate and colder climates should, in line with WHO recommendations, % ensure they keep
bedroom temperatures above 18°C during cold weather. During heatwaves and periods of high temperature patients
should ensure they keep adequately hydrated, keep out of the heat and try to keep living spaces < 32°C and sleeping
spaces < 24°C as recommended by WHO.63) Prior identification and management of cardiovascular comorbidities is
also important to reduce adverse outcomes.

There are significant differences in the carbon footprint of inhaler devices reflecting whether they contain a propellant
gas, what they are made from, how they are manufactured and transported, and whether they can be reused or
recycled. Selection and correct use and disposal of inhalers by patients can have importantiimplications for global
warming and climate change. Similarly, models of care should consider the environmental impact of healthcare
facilities and the need for patients to travel.

Vaccinations
People with COPD should receive all recommended vaccinations in line with the relevant local guidelines (Figure 3.6).

Influenza vaccine

Routine annual influenza vaccination is recommended forall~people aged = 6 months who do not have
contraindications, and should be prioritized in individuals with_chronic conditions like COPD.€32) |nfluenza vaccination
can reduce serious illness (such as lower respiratory tract infections requiring hospitalization),®2 stroke,®4 and death
in people with COPD.(635638) Only a few studies have evaluated exacerbations; they have shown a significant reduction
in the total number of exacerbations per vaccinated subject compared with those who received placebo.© Vaccines
containing either killed or live inactivated viruses are recommended® as they are more effective in elderly people
with COPD.®4 The CDC recommends high=dose inactivated (HD-11V3) and adjuvanted inactivated (allV3) influenza
vaccines as acceptable options for influenza vaccination in older adults.©32 Findings from a population-based study
suggested that people with COPD, patticularly the elderly, had decreased risk of ischemic heart disease when they
were vaccinated with influenzawaccine over many years.®" Influenza vaccination during a hospital admission in
patients with acute heart failure-can improve their survival and reduce likelihood of readmission to hospital over the
subsequent 12 months.®42 The occurrence of adverse reactions is generally mild and transient.

Pneumococcal vaccines

Pneumococcal vaccinations, pneumococcal conjugated vaccine (PCV21, PCV20, PCV15 or PCV13) and pneumococcal
polysaccharide vaccine (PPSV23), are indicated for all adults aged = 50 years, and adults aged 19-49 years with an
underlying medical condition such as chronic lung disease (including COPD, emphysema, cystic fibrosis, and asthma)
or solid organ transplant etc.®43) The PCV21©43) covers 11 unique serotypes not included in PCV20; notably many cases
of adult disease are caused by subtypes not covered by other FDA-approved pneumococcal vaccines.®4
Pneumococcal vaccination is universally recommended for adults in these age groups, if they have never received a
pneumococcal conjugate vaccine previously, or if their previous pneumococcal vaccination history is unknown. The
current recommendation is PCV13 or PCV15 followed by PPSV23 or one-dose PCV20,© or one-dose PCV21©4) jn
adults who have an indication for the vaccine (Figure 3.6).(42846) \\/e recommend the use of PCV20 or PCV21 in patients
with COPD.
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Vaccination for People with COPD

Figure 3.6

People with COPD should receive all recommended vaccinations in line with the relevant local guidelines:

Yearly influenza vaccination (Evidence B)
SARS-CoV-2 (COVID-19) vaccination based on WHO and CDC updated recommendations (Evidence B)

We recommend either one dose of 21-valent pneumococcal conjugate vaccine (PCV21) or one dose
PCV20 (Evidence B). Pneumococcal vaccination has been shown to reduce the incidence of community-
acquired pneumonia and exacerbations for people with COPD (Evidence B)

Respiratory syncytial virus (RSV) vaccination for individuals aged 2 50 years and/or with chronic heart or
lung disease, as recommended by the CDC (Evidence A)

Tdap (dTaP/dTPa) vaccination to protect against pertussis (whooping cough), in addition to tetanus and
diphtheria, for people with COPD that were not vaccinated in adolescence, as recommended by the CDC
(Evidence B)

Zoster vaccine to protect against shingles for people with COPD aged > 50 years; as recommended by the
CDC (Evidence B)

Specific data on the effects of PPSV and PCV in people with COPD are limited.®40) A systematic review of injectable
vaccines in patients with COPD identified twelve randomized studies for inclusion and observed injectable polyvalent
pneumococcal vaccination provides significant protection.against community-acquired pneumonia, although there
was no evidence that vaccination reduced the risk of confirmed pneumococcal pneumonia, which was a relatively rare
event. Vaccination reduced the likelihood of an exacerbation, and moderate-quality evidence suggested the benefits
of pneumococcal vaccination in patients with“COPD. Evidence was insufficient for comparison of different
pneumococcal vaccine types.©48) PPSV23 has been shown to reduce the incidence of community-acquired pneumonia
in patients with COPD who are < 65 years, with an FEV1 < 40% predicted, or have comorbidities (especially cardiac
comorbidities).®49 The PCV13 has beenshown to exhibit at least the same or greater immunogenicity than the PPSV23
up to 2 years after vaccination in patients with COPD.% |n a large RCT PCV13 demonstrated significant efficacy for
the prevention of vaccine-type-community-acquired pneumonia (45.6%) and vaccine-type invasive pneumococcal
disease (75%) among adults> 65 years and the efficacy persisted for at least 4 years.®% PCV20 covers up to 58% of
those strains, while PCV21 covers up to 84% of strains responsible for invasive disease in adults. ¢44:546)

A study that compared the effectiveness of PPSV23 and PCV13 in patients with COPD over a 5-year follow-up cohort
study found that although both vaccines have comparable clinical effects during the first year after vaccination, PCV13
showed persistent clinical effectiveness during the 5-year follow-up period. Pneumonia by year 5 after vaccination was
registered in 47% of patients in the PPSV23 group, versus 3.3% of patients in the PCV13 group (p <0.001). Similar
effects were shown in the reduction of exacerbations. (€2

Pneumococcal vaccine can be co-administered with influenza vaccine in an adult immunization program, as
concomitant administration (PCV15 or PPSV23 and QIV [Fluarix], PCV20 and adjuvanted QIV [Fluad]) has been
demonstrated to be immunogenic and safe.%)

Respiratory syncytial virus vaccine
The CDC estimates that every year, RSV causes approximately 60,000-160,000 hospitalizations and 6,000-10,000
deaths among older adults in the US.6%46%) RSV infection in adults may have a significant impact not only in the
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respiratory system but also on other organs. In a cross-sectional study over five RSV seasons, nearly one-quarter of
hospitalized adults aged > 60 years with RSV infection experienced an acute cardiac event (most frequently acute heart
failure), including one in 12 adults (8.5%) with no documented underlying CVD.%) In a report from the UK, RSV was
associated with 8.7% of outpatient managed exacerbations. 7

The Advisory Committee on Immunization Practices and the European Commission recommend use of RSV bivalent
prefusion F protein-based vaccine,®® adjuvanted prefusion F protein vaccine,®2 and mRNA RSV based vaccine in
adults aged > 50 years.© For adults aged >75 years, the vaccination is universally recommended for if they have not
been previously vaccinated. For adults aged 50-74 years, vaccination is recommended if they have a risk factor or other
indication that increases their risk for severe RSV disease such as chronic heart or lung disease, immune compromise,
or living in a nursing home or long-term care facility.®5 Follow-up demonstrated that one dose of adjuvanted
prefusion F protein-based vaccine was efficacious in preventing RSV-related disease in participants aged > 60 years
during three full RSV seasons.®81662) |n other studies RSV vaccination reduced the likelihood of RSV-associated
hospitalization.(©62664) The safety of RSV vaccinations has been demonstrated in a CDC publication.® RSV vaccines
can be co-administered with other adult vaccines during the same visit.(€)

Other vaccines

Patients with COPD are at increased risk of pertussis (whooping cough).®? As such, in adults with COPD the CDC
recommends the Tdap vaccination (also called dTaP/dTPa) to protect against pertussis, in addition to tetanus and
diphtheria, in those who were not vaccinated in adolescence, together with toutine shingles vaccination.©®

People with COPD should have the COVID-19 vaccinations in line with national recommendations.©428) COVID-19
vaccines are highly effective against SARS-CoV-2 infection requiring-hospitalization, ICU admission, or an ED or urgent
care clinic visit, including those with chronic respiratory disease)(120.669)

Education, self-management and integrative care

Patient “education” often takes the form of providers giving information and advice, and assumes that knowledge will
lead to behavior change. Although enhancing patient knowledge is an important step towards behavior change,
didactic group sessions are insufficientfor promoting self-management skills. Topics such as smoking cessation,
correct use of inhaler devices, early‘recognition of exacerbation, decision-making and taking action, and when to seek
help, surgical interventions, considering advance directives, and others will be better dealt with using self-
management interventions.Personalized education and training that considers specific issues relating to the individual
patients, and that aims/to enhance long-term functionality and appropriate health behaviors, is likely to benefit
patients more. These -are addressed under self-management.

Education

Patients may have individual and/or group education sessions. During group sessions, patients engage in active,
participatory-based learning of program content. During one-on-one interactions, a motivational communication style
should be used, as this approach empowers patients to take greater responsibility for their health and wellbeing,
where physicians and other healthcare professionals only serve as guides in the behavior change process.

Topics considered appropriate for an education program include: smoking cessation; basic information about COPD;
general approach to therapy and specific aspects of medical treatment (respiratory medications and inhalation
devices); strategies to help minimize dyspnea; advice about when to seek help; decision-making during exacerbations;
and advance directives and end-of-life issues. The intensity and content of these educational messages will vary
depending on the severity of the patient’s disease, although the specific contributions of education to the
improvements seen after pulmonary rehabilitation remain unclear.®® |mplicit in this description is the provision of
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“self-management support/coaching”, which refers to the strategies, techniques and skills used by healthcare
providers to arm patients with the knowledge, confidence and skills required to self-manage their disease effectively.
However, the individual patient’s evaluation and risk assessment with respect to exacerbations, patient’s needs,
preferences, and personal goals should inform the personalized design of the self-management education plan.

Self-management
Self-management education and coaching by healthcare professionals should be a major component of the “Chronic
Care Model” within the context of the healthcare delivery system.

The aim of self-management interventions is to motivate, engage and coach patients to positively adapt their health
behavior(s) and develop skills to better manage their COPD on a day-to-day basis.®™) Physicians and healthcare
providers need to go beyond pure education/advice-giving (didactic) approaches to help patients learn and adopt
sustainable self-management skills. The basis of enabling patients to become active partners in their ongoing care is
to build knowledge and skills. It is important to recognize that patient education alone does not jtself change behavior
or even motivate patients, and it has had no impact on improving exercise performance or lung function, ©2873) byt it
can play a role in improving skills, ability to cope with illness, and health status.(©4

Integrative care
COPD is a complex disease that requires the input of multiple care providers.who need to work together closely. In

principle, use of a formal structured program that determines how each component is delivered should make care
more efficient and effective, but the evidence for this is divided.

PHARMACOLOGICAL MAINTENAKlCE TREATMENT OF
COPD

We propose a tailored approach to initiate treatment based on the level of symptoms and risk for exacerbations.

Treatment can be escalated based on the presence of the predominant symptoms (treatable traits) of breathlessness
and exercise limitation, and the continued occurrence of exacerbations whilst on maintenance therapy. Studies
comparing LABA+ICS versus LABA or triple inhaled therapy (LABA+LAMA+ICS) versus either LABA+ICS or LABA+LAMA,
confirmed a significant decrease_in exacerbation rate with the addition of an ICS in patients who experienced one
moderate or severe exacerbation’in the prior year. This recommendation is derived from evidence generated by RCTs.
Observational and interventional studies suggest that one moderate or severe exacerbation increases the risk of
subsequent events; thistrisk is further increased if there are more frequent or severe events, 67492675676 qur
therapeutic recommendations are intended to support clinician decision-making; they also incorporate expert advice
based on clinical experience.

Figure 3.7 gives an overview of the diagnosis and management cycle. Initial pharmacotherapy should be based on the
patient’s GOLD group (Figure 3.8). Patients should be offered guidance and follow-up on self-management of
breathlessness, and stress management, and be given a written action plan. Comorbidities should be managed as per
specific guidelines, irrespective of the presence of COPD (Chapter 5). Follow-up pharmacotherapy should be based
on the patient’s symptoms (dyspnea or exacerbations) at review (Figure 3.9).
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Diagnosis and Management Cycle

Figure 3.7

Is the patient with
( COPD therapy naive? \

YES NO
Review
Proceed to Figure 3.8 Symptoms:

INITIAL Pharmacological Treatment Dyspnea‘
Exacerbations
@ Adjust Treatment
Proceed to Figure 3.9 ' Assess

FOLLOW-UP Pharmacological Treatment 4

Inhaler technique and adherence
Non-pharmacological approaches

. including pulmonary rehabilitation and
If the patient has responded adequately ( selfrﬁanagemznt adication)

to current treatment, continue treatment Chick for other relevant diseases
Escalate

Switch inhaler device or molecules
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Initial Pharmacological Treatment

INITIAL treatment - for patients with COPD who are naive
to maintenance pharmacological treatment

EXACERBATION
HISTORY
(PER YEAR)

Figure 3.8

One or more (2 1) GROUPE
moderate or severe LABA + LAMA*
exacerbations in the
previous year consider LABA+LAMA+ICS* if blood@os > 300
= =Y. >3
Zero (0) GROUP A D ‘GROUP B
moderate or severe .
exacerbaﬁons in A bronChOdllator LABA + LAMA*
the previous year
V. i) A
N
mMRC 0-{5MT< 10 J mMRC 2 2, CAAT 2 10 J
=
SYMPTOMS
*Single inhaler therapy may be more convenient and effective than multiple inhalers; single inhalers improve adherence to
treatment
Exacerbations refers to the number of exacerbations per year; eos: blood eosinophil count in cells per microliter; mMRC:
modified Medical Research.Council dyspnea questionnaire; CAAT™: Chronic Airways Assessment Test™.
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Follow-up Pharmacological Treatment

Figure 3.9

@ Adjust Treatment

CONTINUE CURRENT TREATMENT
unless dyspnea or exacerbation(s) require optimization

IF PERSISTENT DYSPNEA IF ONE OR MORE MODERATE'OR
SEVERE EXACERBATION

LABA or LAMA LABA or LAMA l

if blood A
eos < 300

if blood
eos 2300

LABA + LAMA? LABA + LAMA?
if blood <
€05 <100 i pigod X
eos 2100 = if two moderate or
» Consider switching inhaler device or ) LABA}+ LAMA +ICS r— ons severs exacertatiof
molecules >~
* Implement or escalate i

non-pharmacological treatment(s)
* Consider adding ensifentrine
e Investigate (and treat) other causes Roflumilast } T —— J Biologic Theragy?

of dyspnea ifFE\(l <50%& preferentially in (see Figure 3.11)
4 chronic bronchitis former smokers * Dupilumab (if chronic bronchitis)*

* Mepolizumab

Single inhaler therapy may be more copwenient and effective than multiple inhalers; single inhalers improve adherence to treatment.

blisted in order of approval in the US.
“Patient-reported history of chronig bronchitis (chronic productive cough) for 3 months in the year up to screening, absent other known causes.

Consider de-escalation of ICS f ineumonia or other considerable side-effects. In case of blood eosinophils > 300 cells/ul de-escalation is more likely
to be associated with the,development of exacerbations.

Patients should be reviewed after a suitable interval (shorter in patients with more severe disease, and longer in
patients with less severe disease) and their current level of symptoms (using either the CAAT™ or mMRC scores) and
exacerbation frequency assessed. The effect of treatment and possible adverse effects should be evaluated, and

comorbidities reassessed.

Inhaler technique, adherence to prescribed therapy (both pharmacological and non-pharmacological), smoking status
and continued exposure to risk factors should be regularly checked. Physical activity should be encouraged and referral
for pulmonary rehabilitation considered in severe patients. The need for oxygen therapy, non-invasive ventilatory
support, lung volume reduction and palliative approaches should be considered individually, and the action plan
should be updated accordingly. Spirometry should be repeated at least annually. If the patient is already receiving
bronchodilator treatment, the latter should not be interrupted for performing spirometry.
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We no longer refer to asthma and COPD overlap, instead we emphasize that asthma and COPD are different disorders,
although they may share some common treatable traits and clinical features (e.g., eosinophilia, some degree of
reversibility). Asthma and COPD may coexist in an individual patient. If a concurrent diagnosis of asthma is suspected,
pharmacotherapy should primarily follow asthma guidelines.

Further information on the evidence that underpins these recommendations is given later in Appendix 3 “Overview
of the evidence: Pharmacotherapy”.

Initial pharmacological management

A proposal for the INITIATION of pharmacological management of COPD according to the individualized assessment
of symptoms and exacerbation risk following the ABE scheme, and also accounting for blood eosinophil count, is shown
in Figure 3.8. It is an attempt to provide clinical guidance. There is no high-quality evidence such as RCTs to support
initial pharmacological treatment strategies in newly diagnosed individuals with COPD.

Group A

All patients in group A should be offered bronchodilator treatment based on its-effect on breathlessness. This can
be either a short- or a long-acting bronchodilator. If available and affordable a‘long-acting bronchodilator is the
preferred choice except in patients with very occasional breathlessness.

This should be continued if benefit is documented.

Group B

Treatment should be initiated with a LABA+LAMA combination. It has been shown in a RCT that in patients with < 1
moderate exacerbation in the year before the study and.a.CAAT™ > 10 LABA+LAMA is superior to a LAMA with regard
to several endpoints.®™ Therefore, providing there“are no issues regarding availability, cost and side-effects
LABA+LAMA is the recommended initial pharmacelogical choice.

If a LABA+LAMA combination is not considered appropriate, there is no evidence to recommend one class of long-
acting bronchodilators over another (LABA or LAMA) for initial relief of symptoms in this group of patients. In the
individual patient, the choice should.depend on the patient’s perception of symptom relief.

Patients in group B aredlikely to have comorbidities that may add to their symptomatology and impact their
prognosis, and these possibilities should be investigated and treated, if present, by following national and international
guidelines.©78679)

Group E

A Cochrane systematic review and network meta-analysis comparing dual combination therapy versus mono long-
acting bronchodilators showed that the LABA+LAMA combination was the highest ranked treatment group to reduce
exacerbations.®% Therefore, provided there are no issues regarding availability, cost and side-effects LABA+LAMA is
the preferred choice for initial therapy of patients in group E.

Use of LABA+ICS in COPD is not encouraged. If there is an indication for an ICS, then LABA+LAMA+ICS has been
shown to be superior to LABA+ICS and is therefore the preferred choice.“874%2)

Consider LABA+LAMA+ICS as initial therapy in group E if eosinophil counts are > 300 cells/uL (practical
recommendation). As detailed later in this chapter, the effect of ICS on exacerbation prevention is correlated to blood
eosinophil count (Figure 3.10). There are no direct data in the literature concerning initiation of triple therapy in newly
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diagnosed patients. However, we think available studies performed mostly in treated patients provide a rationale for
considering this treatment option as initial therapy for patients with a high eosinophil count (= 300 cells/uL).

If patients with COPD have concomitant asthma they should be treated like patients with asthma. Under these
circumstances the use of an ICS is mandatory.

Rescue short-acting bronchodilators should be prescribed to all patients for immediate symptom relief.

Follow-up pharmacological management
Following implementation of therapy, patients should be reassessed for attainment of treatment goals and
identification of any barriers for successful treatment (Figure 3.7). Following review of the patient’s response to
treatment initiation, adjustments may be needed.

This is guided by the principles of first review and assess, then adjust if necessary (Figure 3.7):

Review
= Review symptoms (dyspnea) and exacerbation risk (previous history, bloed<€osinophils).
Assess
=  Assess inhaler technique and adherence, and the role of non-pharmacological approaches (covered later
in this chapter).
Adjust
= Adjust pharmacological treatment, including escalation ‘or de-escalation. Switching inhaler device or
molecules within the same class (e.g., using a differentlong-acting bronchodilator) may be considered as
appropriate. Any change in treatment requires a subsequent review of the clinical response, including side
effects.

A separate algorithm is provided for FOLLOW-UP treatment, where the management is based on two key treatable
traits: persistence of dyspnea and occurrence of exacerbations (Figure 3.9).4%3681:683) These follow-up
recommendations are designed to facilitatesmanagement of patients taking maintenance treatment(s), whether early
after initial treatment or after years of follow-up. These recommendations incorporate the evidence from clinical trials
and the use of peripheral blood eosinophil counts as a biomarker to guide the use of ICS therapy for exacerbation
prevention (see more detailed information regarding blood eosinophil counts as a predictor of ICS effects in Appendix
3).

Figure 3.9 presents suggested escalation and de-escalation strategies based on available efficacy and safety data. The
response to treatment escalation should always be reviewed. Patients in whom treatment modification is considered,
in particular de-escalation, should be under close medical supervision. We are fully aware that treatment escalation
has not been systematically tested; trials of de-escalation are also limited and only include ICS. This follow-up
pharmacological treatment algorithm (Figure 3.9) can be applied to any patient who is already taking maintenance
treatment(s) irrespective of the GOLD group allocated at treatment initiation. If response to initial treatment is
appropriate, maintain it. If not:

e Check adherence, inhaler technique and possible interfering comorbidities.
e The need to primarily target dyspnea/activity limitation or to prevent further exacerbations should be
evaluated in each patient. Consider the predominant treatable trait to target (dyspnea or exacerbations).
o Use the exacerbation pathway if both exacerbations and dyspnea need to be targeted.
e Ifachangeintreatment is considered necessary, then select the corresponding algorithm for dyspnea (Figure
3.9 left column) or exacerbations (Figure 3.9 right column)
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e Identify which box corresponds to the patient’s current treatment and follow the suggested algorithm.

Dyspnea

For patients with persistent breathlessness or exercise limitation on bronchodilator monotherapy,©* the use of
a LABA plus a LAMA is recommended.

If the addition of a second long-acting bronchodilator does not improve symptoms, we suggest:

e Considering switching inhaler device or molecules.
e Implementing or escalating non-pharmacological treatment(s) e.g., pulmonary rehabilitation.
e Considering adding ensifentrine if available.

At all stages, dyspnea due to other causes (not COPD) should be investigated and treated appropriately. Inhaler
technique and adherence should be considered as causes of inadequate treatment response.-Rehabilitation should
also be considered.

Exacerbations

For patients who have an exacerbation on bronchodilator monothetapy, escalation to LABA+LAMA is
recommended.

In patients who have a moderate or severe exacerbation on LABA+LAMA therapy we suggest escalation to
LABA+LAMA+ICS (Figure 3.10). A beneficial response after the addition of ICS may be observed at blood eosinophil
counts > 100 cells/uL, with a greater magnitude of response more likely with higher eosinophil counts. 460

If patients treated with LABA+LAMA and eosinophil'counts < 100 cells/uL still have exacerbations the following
options may be considered:
e Among those who are not currently smokKing, consider adding azithromycin.€588) Consideration to the
development of resistant organisms.shiould be factored into decision-making.
e Among those with FEV1 < 50%, symptoms of chronic bronchitis and history of a prior exacerbation resulting
in hospitalization, consider adding roflumilast. (€87-689)

If patients treated with LABA4LAMA+ICS (or those with eosinophil counts < 100 cells/uL) still have exacerbations
the following options may be‘considered:

e Among patientsiwith blood eosinophils = 300 cells/uL, consider adding dupilumab (if chronic bronchitis) or
mepolizumab (with and without chronic bronchitis) (Figure 3.11).(681682.690691)

e Among those who are not currently smoking, consider adding azithromycin.©8%86) Consideration to the
development of resistant organisms should be factored into decision-making.

e Among those with FEV1 < 50%, symptoms of chronic bronchitis and history of prior severe exacerbation,
consider adding roflumilast.(©€87-:689)

Patients treated with LABA+LAMA+ICS should not have the ICS component withdrawn unless the ICS was started
inappropriately, there has been no response to ICS or they experience significant side-effects or severe or recurrent
pneumonia. The risks and benefits of discontinuing ICS should be considered. If blood eosinophils are > 300 cells/uL
de-escalation is more likely to be associated with the development of exacerbations. €%26%)

Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer 66




Factors to Consider when Initiating ICS Treatment

Figure 3.10

Factors to consider when adding ICS to long-acting bronchodilators:
(note the scenario is different when considering ICS withdrawal)

History of hospitalization(s) for exacerbations of COPD*
STRONGLY > 2 moderate exacerbations of COPD per year*

FAVORS USE Blood eosinophils > 300 cells/pL

History of, or concomitant asthma

1 moderate exacerbation of COPD per year*

Blood eosinophils 100 to < 300 cells/pL

Repeated pneumonia events
AGAINST USE Blood eosinophils < 100 cells/pL

History of mycobacterial infection

*despite appropriate long-acting bronchodilator maintenance therapy (seejFigures 3.8 & A3.1 for recommendations); *note
that blood eosinophils should be seen as a continuum; quoted valueSrepresent approximate cut-points; eosinophil counts
are likely to fluctuate.

Adapted from & reproduced with permission of the © ERS 2019: European Respiratory Journal 52 (6) 1801219; DOI:
10.1183/13993003.01219-2018 Published 13 December 2018

/
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Evidence Supporting Use of Biologics in the Treatment of COPD

Molecule/RCT*

Dupilumab
(300 mg/2 weeks)

BOREAS'
(n=939)

NOTUS?
(n=935)

Mepolizumab
(100 mg/4 weeks)

METREO?
(n=674)

METREX3
(n=836)

MATINEE*
(n=804)

*Molecules are listed imorder of approval in the US.

Key inclusion criteria®

FEV1 post-BD 30-70%

chronic bronchitis®

eos = 300 (screen)
FEV1 post-BD 30-70%

chronic bronchil‘isIJ

eos 2 300 (screen)

FEV1 post-BD 20-80%
eos = 150 (screen) or
eos 2 300 (previous
year)

FEV1 post-BD 20-80%
eos 2 150 (screen) or
eos =300 (previous
year)®

FEV1 post-BD:20-80%
eos = 300 (screen) and

eos = 150 (previous
year)

Annualized rate of
moderate/severe
exacerbations

RR 0.70; P <0.001

RR 0.66; P <0.001

RR 0.80; NS

RR0.82; P =0.04

RR0.79; P=0.01

1\

Lung function
improvement
(pre-BD FEV1)©

83mL; P<0.001
(95% Cl: 42, 125)

62mL; P =0.02

(95% Cl: 11, 113
O

19mL; NS

(95% CI: -29, 67)

-10mL; NS
(95% Cl: -54, 33)

-9.0mL; NS
(95% Cl: -60.1, 42.1)

Figure 3.11

Quality of life
improvement
(SGRQ)

-3.4; P=0.002

(95% CI: -5.5, -1.3)
-3.4¢
(95% Cl: -5.8, -0.9)

-1.8; NS
(95% Cl: -4.5, 0.8)

0.2; NS
(95% Cl: -2.8, 3.2)

-2.3; NS
(95% Cl: -4.6, 0.1)

These results cannot be directly compared across trials as there were different patient populations included.

a: all studies recruited\patients with exacerbations in the previous year while receiving inhaled triple therapy
b: patient-reported history of chronic bronchitis (chronic productive cough) for 3 months in the year up to screening, absent other known causes
c: pre-defined eosinophilic population

d: at 52 weeks

e: significance not tested according to hierarchical testing procedure

NS: not statistically significant; eos: blood eosinophils (cells/uL); SGRQ: St George's Respiratory Questionnaire; BD: bronchodilator; RR: risk ratio.

References: 'Bhatt et al. N Engl ] Med 2023;389:205-214; ?Bhatt et al. N Engl ) Med 2024;390:2274-2283; *Pavord et al. N Engl )
Med 2017;377:1613-1629; *Sciurba et al. N Engl ) Med 2025;392:1710-1720; .
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Patients on treatment with LABA+ICS

If a patient with COPD and no features of asthma has been treated — for whatever reason — with LABA+ICS and is
well controlled in terms of symptoms and exacerbations, continuation with LABA+ICS is an option (Figure 3.12).
However, if the patient has:

e Further exacerbations: treatment should be escalated to LABA+LAMA+ICS if the blood eosinophil count is
> 100 cells/uL or switched to LABA+LAMA if it is < 100 cells/pL.“67.694)

e Major symptoms: change to LABA+LAMA or LABA+LAMA+ICS depending on previous treatment response to
ICS (Figure 3.12).6%)

Management of Patients Currently on LABA+ICS

Figure 3.12

Patient currently on
LABA+ICS

No current exacerbations No relevant C b
; i ! ‘ urrent exacerbations
Previous positive treatment exacerbation histery

response*
Low High ?%onsider Blood Blood
symptom symptom Q~ changing to ¢ eosinophils | eosinophils
load load & LABA+LAMA < 100/pL >100/pL
Continue Consider
treatment escalating to

LABA+LAMA+ICS

*Patient previously had exacerbations and responded to LABA+ICS treatment

Most of the drugs used to treat COPD are inhaled. Thus, appropriate use of inhaler devices is crucial to optimize the
benefit-risk ratio of inhaled therapy. Achieving this goal requires choosing the appropriate device, providing education,
checking inhaler use regularly and, whenever necessary, adapting education and device (Figure 3.13).
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Key Points for Inhalation of Drugs

Figure 3.13

When a treatment is given by the inhaled route, the importance of education and training in
inhaler device technique cannot be over-emphasized

The choice of inhaler device has to be individually tailored and will depend on access, cost,
prescriber, and most importantly, patient’s ability and preference

It is essential to provide instructions and to demonstrate the proper inhalation technique when
prescribing a device, to ensure that inhaler technique is adequate and to re-check at each visit that
patients continue to use their inhaler correctly

Inhaler technique (and adherence to therapy) should be assessed before concluding that the
current therapy is insufficient

There are currently more than 30 different inhaled therapies containing different bronchodilators (both short- and
long-acting) and ICS alone or in combinations (Figure A3.1). In addition, maore than 20 different inhaler devices are
available,®%) including nebulizers, pMDIs used with or without VHC/spacers) BAls, SMIs, and DPIs.®0) |n multi-dose
DPIs, the powder is contained in a reservoir or in individual blisters.®More information about inhalation devices is
available on the Asthma + Lung UK website.(©%)

Devices differ in their size and portability. They also differ inthe number of steps required to prepare them,® in the
force needed to load or actuate them,7® in the time taken to deliver the drug, and in the need for cleaning and
maintenance, as well as in the inspiratory maneuver réquired to use them effectively.® Increased steps reduces the
ease of use and likelihood that patients use the inhaler correctly.@@ There may also be quite significant differences in
the carbon footprint of devices reflecting whether or not they contain a propellant gas, what they are made from, how
they are manufactured and transported, and’whether they can be reused or recycled.”® The proper use of an inhaler
has a positive environmental impact through the reduction of exacerbations and their CO; footprint (especially when
hospitalization is required).”%2 Smart inhalers incorporate sensors that detect the date and time of use, and for some
inspiratory flow and inspired volume. These allow the identification of problems and feedback in real time% and can
provide objective data on adherence and technique.Z%4.795)

Particles > 5 um are mostlikely to be deposited in the oropharynx. For drug delivery to the lower respiratory tract and
lungs, particle size (mass-median aerodynamic diameter) can be fine (2-5 um) or extra-fine (< 2 um), which influences
the total respirable fraction (particles < 5 um) and the amount and site of drug deposition (more peripheral deposition
with extra-fine particles).®® Inspiratory flow, flow acceleration, and inhaled volume are important factors for patients
to successfully inhale drug particles from handheld devices into the lower respiratory tract.©27%) pMDIs and SMls
require a slow and deep inspiration while DPIs require forceful inspiration. Each DPI has a unique internal resistance,
and patients must create turbulent energy within the device during inhalation to disaggregate the powder into fine
particles. Prescribers should check visually that the patient can inhale forcefully through the device and, if there is
doubt, either check the inspiratory flow objectivelyZ%.7%) or switch to a pMDI+/-spacer/VHC or SMI depending on drug
availability and patient’s characteristics. Suboptimal peak inspiratory flow and inhalation technique errors were
associated with higher COPD-related healthcare utilization and costs in patients on DPI maintenance therapy.%

RCTs have not identified superiority of one device/formulation and there is no evidence for superiority of nebulized
therapy over hand-held devices in patients who are able to use these devices properly.©® However, patients included
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in these trials are usually those who master inhalation technique and receive proper education and follow-up
regarding this issue, and therefore may not be reflective of normal clinical practice. Fixed-dose triple inhaled
combination therapy in one inhaler may help improve health status compared to treatment using multiple inhalers.®

Ability to use delivery system correctly

Specific instructions are available for each type of device.6226%) On average more than two thirds of patients make at
least one error in using an inhalational device.(”!-714) Observational studies in these patients show that, although the
type and frequency of inhalation errors vary between devices depending on their characteristics, there is no device
obviating the need to explain, demonstrate and regularly check inhalation technique.572Y) The main errors in delivery
device use relate to problems with inspiratory flow, inhalation duration, coordination, dose preparation, exhalation
maneuver prior to inhalation and breath-holding following dose inhalation.(722

Patients’ ability to use inhalers correctly is affected by their cognitive ability, manual dexterity and coordination skills,
the inspiratory flow that they can achieve, the use of different types of device, and previous-education on inhaler
technique.™2723) poor inhaler technique and errors using devices are more common with advancing age, 2% but this
is likely to be mainly due to cofounders such as cognitive impairment or reduced marnual dexterity. 725728 pMDIs
require sufficient hand strength to actuate the inhaler, and although BAIs are triggeredby inhalation they still require
priming which needs a degree of strength.7%) Patients with poor dexterity may straggle to load a DPI, particularly if
capsules require extraction from foil, insertion into the device or puncturing prior'to administration.” Tremor may
result in shaking of the device and loss of the dose.20)

If there is any doubt that the patient will not be able to use a pMDI correctly they should be prescribed a VHC/spacer;
however, these are not a panacea and there is evidence that few older patients using a pMDI and VHC find them easy
to use compared to a pMDI alone.”2) Currently available VHCs range in volume from < 50 mL to 750 mL72 put VHC
with volumes from 150 mL to 250 mL have been shown to be as effective as those with larger volumes@? and are
more portable. As well as reducing difficulties causeddy poor co-ordination and inspiratory maneuvers with pMDls,
VHCs increase pulmonary and reduce oropharyngeal“deposition, which is particularly important to minimize the risk
of oropharyngeal candidiasis with corticosteroid containing pMDIs.©%0)

Leaflets included in device packages are.insufficient to provide proper education of patients regarding inhaler use.
Other strategies and tools including physical training and use of video or web-based education have proven effective
to improve inhaler technique in some but not all patients on the short-term, but effects appear to wane over time.72
Using the “teach-back” approach (patients being asked to show how the device has to be used) appears to be
particularly effective.®) Pharmacist-, physician-, physiotherapist- and nurse-led interventions2 as well as lay health
coaching”®® can improve inhalation technique and adherence in patients with COPD. As in asthma, digital inhalers
could contribute to improved adherence and inhaler technique in patients with COPD.(Z3%

Choice of inhaler device

If a patient is currently taking inhaled therapy and able to use their current device correctly, new therapy is best
prescribed in the same device. If a new device is required, either because the patient is not using their current device
correctly or the drug is not available in the same device, a systematic iterative process should be used to select a
delivery system and ensure the patient can use it.

The choice of an inhaler device depends on drug availability, characteristics of the device, the patient’s abilities and
preferences, and the knowledge of healthcare professionals caring for the patient about devices and their correct
usage. The final choice should be made jointly by the prescriber and the patient using a shared decision-making
approach. Once a device has been selected and prescribed it should not be changed without clinical justification. Mass
switching of devices for cost or supply reasons driven by payors, or even for perceived impact of particular devices on
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the environment, without retraining patients to use the new device and ensuring that they can do so, has led to
increased prednisolone use and higher healthcare utilization.(Z2%

Figure 3.14 summarizes the main principles that should be considered to guide the individualized selection of the
appropriate device for a given patient.

Basic Principles for Appropriate Inhalation Device Choice

Figure 3.14

Availability of the drug in the device.

Patients’ beliefs, satisfaction with current and previous devices and preferences need to be
assessed and considered.

The number of different device types should be minimized for each patient.

Device type should not be switched in the absence of clinical justification nor without proper
information, education and medical follow-up.

Shared decision-making is the most appropriate strategy for inhalation device)choice.
Patient’s cognition, dexterity and strength must be taken into account,

Patient’s ability to perform the correct specific inhalation maneuver for the device must be
assessed:

Dry powder inhalers are appropriate only if the patient can-thake a forceful and deep inhalation.
Check visually that the patient can inhale forcefully thrgugh'the device - if there is doubt assess
objectively or choose alternative device.

Metered-dose inhalers and, to a lesser extent, soft mist inhalers require coordination between
device triggering and inhalation and patientsneed to be able to perform a slow and deep
inhalation. Check visually that the patient ¢an‘inhale slowly and deeply from the device - if there
is doubt consider adding a spacer/VHC or-choose an alternative device.

For patients unable to use an MDI (with or without spacer/VHC), SMI or DPI a nebulizer should
be considered.

Other factors to consider include size, portability, cost.

Smart inhalers may be usefulif there are issues with adherence/persistence or inhalation
technique (for devices that can check it).

Physicians should prescribe only devices they (and the other members of the caring team) know
how to use.

Appropriate education must be provided by healthcare professionals, including physical, or video-based
demonstration of the proper technique and live verification that the patient masters this technique. It is crucial to
check regularly (ideally, at each visit) that patients continue to use their device correctly. Lack of placebo devices within
clinical areas is often a limitation and barrier to providing quality inhaler technique instruction to patients. Encouraging
a patient to bring their own devices to clinic is a useful alternative.
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NON-PHARMACOLOGICAL TREATMENT OF COPD

Non-pharmacological treatment is complementary to pharmacological maintenance treatment and should form part

of the comprehensive management of COPD.

After receiving a diagnosis of COPD, a patient should be given further information about the condition. Physicians
should emphasize the importance of a smoke free environment, promote physical activity, prescribe vaccinations, and
refer patients to pulmonary rehabilitation. Further information on the evidence that underpins these

recommendations is given later in Appendix 4 “Overview of the evidence: Non-pharmacological therapy”.

Some relevant non-pharmacological measures based on the patient’s GOLD A, B, or E group AT DIAGNOSIS are

summarized in Figure 3.15.

Non-Pharmacological Management of COPD*

Figure 3.15

Patient Group Essential

Recammended

Depending on
Local Guidelines

Smoking cessation
A (can include pharmacological
treatment)

Physical activity

Influenza vaccination
COVID-19 vaccinations
Pneumococcal vaccination
Pertussis vaccination
Shingles vaccination

RSV vaccination

\
Smoking cessation
(can include pharmacological

&
B and§ treatment)
O

Pulmonary rehabilitation

"Can include pharmacological treatment

Physical activity

Influenza vaccination
COVID-19 vaccinations
Pneumococcal vaccination
Pertussis vaccination
Shingles vaccination

RSV vaccination
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Recommendations for FOLLOW-UP non-pharmacological treatments are based on a patient’s treatable traits e.g.,
symptoms and exacerbations (Figure 3.16).

Follow-up of Non-Pharmacological Treatment

Figure 3.16

1. If response to initial treatment is appropriate, maintain it and offer:

Influenza vaccination every year and other recommended vaccinations according to guidelines
Self-management education

Assessment of behavioral risk factors such as smoking cessation (if applicable) and environmental exposures
Ensure

Maintenance of exercise program and physical activity

Adequate sleep and a healthy diet

2. If not, consider the predominant treatable trait to target

DYSPNEA EXACERBATIONS
» Self-management education (written action plan) Self-management ediucation (written action plan)
with integrated self-management regarding: that is personalized'Wwith respect to:
= Breathlessness, energy conservation techniques, Avoidance of aggravating factors

and stress management strategies How to’monitor/manage worsening of symptoms

» Pulmonary rehabilitation (PR) program and/or

: X Contact information in the event of
maintenance exercise program post PR

an exacerbation

*.Pulmonary rehabilitation (PR) program and/or
O maintenance exercise program post PR
O

All patients with advanced COPD should be considered for end of life and palliative care support to optimize
symptom control and allow patients and their families to make informed choices about future management.

Pulmonary rehabilitation

Pulmonary rehabilitation is defined as “a comprehensive intervention based on thorough patient assessment followed
by patient-tailored therapies that include, but are not limited to, exercise training, education, self-management
intervention aiming at behavior change, designed to improve the physical and psychological condition of people with
chronic respiratory disease and to promote the long-term adherence to health-enhancing behaviors.”®74136) Recently
the WHO described a package of interventions for rehabilitation for patients with COPD.Z30) This document follows a
resolution of WHO that advocates to make pulmonary rehabilitation (as well as other forms of rehabilitation)
universally available for patients with COPD.738)

Patients with high symptom burden and risk of exacerbations (Groups B and E), should be encouraged to take partin
a formal rehabilitation program that includes setting patient goals and is designed and delivered in a structured
manner, taking into account the individual’s COPD characteristics (including extra-pulmonary features such as skeletal
muscle dysfunction and exercise intolerance) and comorbidities.€74.732740) Thijs includes patients who are older, female,
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more deprived, or have a comorbidity of diabetes, asthma, or a painful condition, who currently appear less likely to
be referred for pulmonary rehabilitation. 74

Pulmonary rehabilitation should be considered as part of integrated patient management and usually includes a range
of healthcare professionals to ensure optimum coverage of the many aspects involved.3 Optimum benefits are
achieved from programs lasting 6 to 8 weeks. Available evidence indicates that there are no additional benefits from
extending pulmonary rehabilitation to 12 weeks.2 Supervised exercise training at least twice weekly is
recommended, and this can include any regimen from endurance training, interval training, resistance/strength
training; upper and lower limbs ideally should be included as well as walking exercise; flexibility, inspiratory muscle
training and neuromuscular electrical stimulation can also be incorporated. In all cases the rehabilitation intervention
(content, scope, frequency, and intensity) should be individualized to maximize personal functional gains.™2 If a
center based pulmonary rehabilitation program is complimented with a physical activity promotion program, clinically
significant improvements in physical activity are observed.#3744) The importance of long-term behavior change to
improve physical functionality, and reduce the psychological impact of COPD, should be emphasized to the patient. 5

Assessment and follow-up of pulmonary rehabilitation

Baseline and outcome assessments of each participant in a pulmonary rehabilitation/program should be made to
specify individual maladaptive behaviors (including motivation), physical and mentabhealth impediments to training,
goals, barriers and capabilities and to quantify gains and to target areas for imprevement.

Assessments should include:

Detailed history and physical examination including health behaviors

Measurement of post-bronchodilator spirometry

Assessment of (functional) exercise capacity

Measurement of health status and impact.of breathlessness and fatigue

Assessment of inspiratory and expiratorysmuscle strength and lower limb strength in patients who suffer
from muscle wasting

Discussion about individual patient goals, problematic activities of daily living, and expectations and
knowledge about the disease

The first two assessments are important for establishing entry suitability and baseline status but are not used in
outcome assessment. Most aof these were included in a recent consensus around “core outcomes” for pulmonary
rehabilitation.(748)

Exercise capacity cah be assessed by cycle ergometry or treadmill exercise with the measurement of a number of
physiological variables, including maximum oxygen consumption, maximum heart rate, and maximum work
performed. Standardized self-paced, timed walking tests (e.g., 6MWD) are useful in clinical practice as they require
minimal facilities and are relevant to routine functioning. Shuttle walking tests provide more complete information
than an entirely self-paced test and are simpler to perform than a treadmill test.40) Walking tests require at least one
practice session before data can be interpreted.

It is important not to limit assessment only to these outcome measures but gather information on each patient’s
ultimate goal (relevant or valued outcomes), such as their desired achievements in work, home and leisure by the end
of the program.

Several detailed questionnaires for assessing health status are available, including some specifically designed for
patients with respiratory disease. Health status can also be assessed by generic instruments, although these are less
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sensitive to change than the disease specific questionnaires such as the CAAT™, CRQ or SGRQ. The HADS74® and the
PRIME-MD patient questionnaire™® have been used to improve identification and treatment of anxious and
depressed patients.

Oxygen therapy

The long-term administration of oxygen (> 15 hours per day; LTOT) is indicated for patients with stable COPD who
have:
Pa0; at or below 55 mmHg (7.3 kPa) or Sa0; at or below 88%, with or without hypercapnia confirmed
twice over a three-week period; or
Pa0, between 55 mmHg (7.3 kPa) and 60 mmHg (8.0 kPa), or Sa0, of 88%, if there is evidence of pulmonary
hypertension, peripheral edema suggesting congestive cardiac failure, or polycythemia (hematocrit >
55%).

LTOT has been shown to increase survival in patients with severe resting hypoxemia.(70

Ekstrom and colleagues”™® reported that among patients with severe hypoxemia.agreeing to participate in a study,
LTOT used for 24 hours per day did not result in a lower risk of hospitalizatiomor‘death within one year compared to
therapy for 15 hours per day. Thus, the recommendation to use oxygen > 15 hours per day is not supported by newer
evidence.

In patients with moderate resting or exercise-induced arterial ,oxygen desaturation LTOT does not lengthen time to
death or first hospitalization, or provide sustained benefit for'any of the measured outcomes.?2 Breathlessness may
be relieved in patients with COPD who are either mildly-hypoxemic, or non-hypoxemic but do not otherwise qualify
for home oxygen therapy, when oxygen is given ‘during exercise training; however, studies have shown no
improvement of breathlessness in daily life and no benefit on health-related quality of life (Figure 3.17).7527%4) There
are contradictory studies although the majority'do not demonstrate changes.%®
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Oxygen Therapy and Ventilatory Support in Stable COPD

Figure 3.17

The long-term administration of oxygen increases survival in patients
with severe chronic resting arterial hypoxemia (Evidence A)

In patients with stable COPD and moderate resting or exercise-induced
arterial desaturation, prescription of long-term oxygen does not

Oxygen Therapy lengthen time to death or first hospitalization or provide sustained
benefit in health status, lung function and 6-minute walk distance
(Evidence A)

Sufficient resting oxygenation at sea level does not exclude the
development of severe hypoxemia when traveling by air (Evidence C)

NPPV may improve hospitalization-free survival in'selécted patients
after recent hospitalization, particularly in those.with pronounced
daytime persistent hypercapnia (PaCO, > 53 mmHg) (Evidence B)

Ventilatory Support
In patients with severe chronic hypercaphia and a history of

hospitalization for acute respiratory failure, long-term noninvasive
ventilation may be considered (Evidence B)

Although air travel is safe for most patients with chronicrespiratory failure who are on LTOT,Z%) patients should ideally
maintain an in-flight PaO; of at least 6.7 kPa (50 mmHg). Studies indicate that this can be achieved in those with
moderate to severe hypoxemia at sea level by supplementary oxygen at 3 liters/min by nasal cannula or 31% by Venturi
facemask.(™®) Those with a resting oxygen saturation > 95% and 6MWD oxygen saturation > 84% may travel without
further assessment,® although it is important to emphasize that resting oxygenation at sea level does not exclude
the development of severe hypoxemia‘when travelling by air.?® Careful consideration should be given to any
comorbidity that may impair oxygéen delivery to tissues (e.g., cardiac impairment, anemia). Also, walking along the
aisle of the airplane may profoundly aggravate hypoxemia.(”%9

Once placed on LTOT the patient should be re-evaluated after 60 to 90 days with repeat ABG or oxygen saturation
measurements while-inspiring room air and the level of oxygen flow that had been prescribed to determine if oxygen
is still indicated and if so, therapeutic. An appropriate algorithm for the prescription of oxygen to patients with COPD
is shown in Figure 3.18.
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Prescription of Supplemental Oxygen to Patients with COPD
Figure 3.18

Arterial hypoxemia defined as:
Pa0; £ 55 mmHg (< 7.3 kPa) or Sa0; < 88%
or

Pa0; > 55 but < 60 mmHg (> 7.3 kPa but < 8 kPa)
with pulmonary hypertension, congestive heart
failure or erythrocytosis (hematocrit > 55%)

L

Prescribe supplemental oxygen
and titrate to keep Sa0; = 90% &

P_\
I >

Y

Recheck in 60 to 90 days to a ﬁ

e |f supplemental oxygen |s®
e |f prescribed supplee) oxygen is effective

Q

indicated

Ventilatory support

Chronic NIV may be of some uselin a selected group of patients, particularly in those with pronounced daytime
hypercapnia and recent hospitalization, although a systematic review was unable to support or refute this.(® |n
contrast, in patients with both-COPD and obstructive sleep apnea there are clear indications for CPAP, (761.762)

In patients with comorbid COPD and obstructive sleep apnea there are clear benefits associated with the use of CPAP
to improve both survival and the risk of hospital admissions.781.762)

Whether to use NPPV chronically at home to treat patients with acute or chronic respiratory failure following
hospitalization remains undetermined and outcome may be affected by persistent hypercapnia.’®) A multicenter
prospective RCT of patients with COPD who had persistent hypercapnia (PaCO; > 53 mmHg) 2-4 weeks after hospital
discharge following an acute exacerbation compared the effects of home NIV plus oxygen versus home oxygen alone
on time to readmission or death.” Adding home NIV to oxygen therapy significantly prolonged the time to
readmission or death within 12 months.83 A systematic review and meta-analysis of these studies confirms that NIV
decreases mortality and risk of hospitalization. The best candidate subgroups (by recent hospitalization history or
PaCO,) remain unclear.(Z

Two retrospective studies®789) and two of three RCTs83767-770) reported reductions in re-hospitalization and
improved survival with using NPPV post-hospitalization. Two of these studies reported decreases in mortality and
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hospitalization rates while another showed no benefit of NPPV for survival.(”®) Several factors may account for these
discrepancies: differences in patient selection, underpowered studies, NPPV settings incapable of achieving adequate
ventilation, and poor adherence with NPPV therapy.”2) NPPV when indicated should be instituted and monitored by
personnel familiar with the process and the devices utilized.ZZ2773)

A meta-analysis suggested that in patients with chronic hypercapnic respiratory failure long-term treatment with HFNT

may reduce acute exacerbations and improve SGRQ scores compared to standard care, but its effect on mortality and
hospitalizations is uncertain.(Z74.775)

THERAPEUTIC INTERVENTIONS THAT REDUCE COPD
MORTALITY

As we move towards targeting subgroups of patients with COPD for specific therapy, it is important to know which

»

modifiable factors (treatable traits) are associated with mortality. A large clinical database-study of COPD in primary
care has demonstrated that the highest magnitude of risk of all-cause mortality, COPD=and CVD-related mortality,
was in individuals with increased severity and frequency of exacerbations, , and those with lower FEV1 (particularly
FEV1 < 50% predicted).”’® We are still learning about the mechanisms that cause death in patients with COPD.
Demonstrating benefits of therapeutic modalities on mortality in RCTs has/been difficult, requiring large populations
and/or long follow-up duration and/or highly selected populations with-a high but preventable risk of death during
follow-up. In addition, the low number of events makes the analysisof disease specific mortality (e.g., respiratory or
cardiovascular) in most trials difficult. Figure 3.19 presents a summary of pharmacological and non-pharmacological
therapies with evidence of efficacy in reducing the mortality of patients with COPD.
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Evidence Supporting a Reduction in Mortality with Pharmacotherapy

and Non-pharmacotherapy in COPD Patients

Figure 3.19

Therapy RCT* Treatment effect on mortality Patient characteristics
Pharmacotherapy
LABA+LAMA+ICS! Yes | Single inhaler triple therapy compared to dual Symptomatic people with a
LABD therapy relative risk reduction: history of frequent and/or
IMPACT: HR 0.72 (95% Cl: 0.53, 0.99)" severe exacerbations
ETHOS: HR 0.51 (95% ClI: 0.33, 0.80)**
Non-pharmacological Therapy
Smoking Yes | HR for usual care group compared to Asymptomatic or mildly
cessation? intervention group (smoking cessation) symptomatic
HR 1.18 (95% CI: 1.02, 1.37)?
Pulmonary Yes | Old trials: RR 0.28 (95% Cl 0.10, 0.84)* Hospitalized for exacerbations
rehabilitation® New trials: RR 0.68 (95% Cl 0.28, 1.67)* 6f€COPD (during or < 4 weeks
after discharge)
Long-term oxygen Yes | NOTT: 2 19 hours of continuous oxygen vs <13 Pa0, <55 mmHg or < 60
therapy* hours: 50% reduction®* mmHg with cor pulmonale or
MRC: 2 15 hours vs no oxygen: 50% reduction®® | secondary polycythemia
Noninvasive Yes | 12% in NPPV (high IPAP level) and'33% in Stable COPD with marked
positive pressure control hypercapnia
ventilation® HR 0.24 (95% CI 0.11, 0.49)°
Lung volume Yes | 0.07 deaths/person-year(LVRS) vs 0.15 deaths/ Upper lobe emphysema and
reduction surgery® person-year (UC) RR fordeath 0.47 (p = 0.005)° low exercise capacity

*RCT with pre-specified analysis of the mortality outcome (primary or secondary outcome); *Inconclusive results likely due to differences in
pulmonary rehabilitation across a wide range of pafticipants and settings.
1. a) IMPACT trial (Lipson et al. 2020) and b) ETHOS trials (Martinez et al. 2021); 2.Lung Health Study (Anthonisen et al. 2005); 3. a) Puhan et al.

(2011) and b) Puhan et al. 2016; 4. a) NOTT {NQTT, 1980) and b) MRC (MRC, 1981); 5. Kohlein trial (Kohlein et al. 2014); 6. NETT trial (Fishman et

al. 2003)

ICS: inhaled corticosteroid; IPAP: inspiratory positive airway pressure; LABA: long-acting beta.-agonist; LABD: long-acting bronchodilator; LAMA:
long-acting muscarinic antagonist; LTOT: long-term oxygen therapy; NPPV: noninvasive positive pressure ventilation; LVRS: lung volume reduction
surgery; UC: usual treatment cantrol group.

Smoking cessation. From the Lung Health Study, an RCT that included patients with asymptomatic or mildly
symptomatic COPD treated with a 10-week smoking cessation intervention program and followed up to 14.5 years,
the overall mortality rate was reduced in the smoking cessation intervention group compared to the usual care
group. D)

Pulmonary rehabilitation. A systematic review of RCTs reported a reduction in mortality for patients who had
pulmonary rehabilitation initiated during hospitalization or 4 weeks after discharge compared to those who did not
have pulmonary rehabilitation.878) These results have been corroborated by real-world evidence, from a large
population-based cohort of 190,000 patients hospitalized for COPD, in whom initiation of pulmonary rehabilitation
within 90 days of discharge, while rare, was associated with a statistically significant reduced mortality. 782
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Long term oxygen therapy. The survival benefit of LTOT in COPD demonstrated in two studies in the early 1980s laid
the foundation for long-term domiciliary management of hypoxemia. The Nocturnal Oxygen Therapy Trial (= 19 hours
of continuous oxygen compared to < 13 hours)®) and a Medical Research Council trial (> 15 hours compared to no
oxygen), two RCTs in patients with COPD with resting PaO, <55 mmHg or < 60 mmHg with cor pulmonale or
secondary polycythemia showed a survival benefit. No significant benefit of LTOT was found in patients with moderate
desaturation. (&)

Non-invasive positive pressure ventilation. Meta-analyses7%78) have shown positive results of long-term NPPV in
patients with stable COPD. Although RCT results have been inconsistent on survival, larger trials with mortality as the
primary outcome that enrolled patients with marked hypercapnia and applying higher IPAP levels demonstrated a
reduction of mortality.(Z88787)

Lung transplantation and lung volume reduction surgery. Due to the absence of randomized trials, observational data
have been used to estimate the survival benefit of lung transplantation, relative to remaining “untransplanted.” The
survival benefit of transplantation varied by disease group, with a 2-year expected benefit/in ' 40% of patients with
COPD following transplantation.(&)

LVRS has been shown to prolong survival compared to medical therapy in a very select group of patients with severe
emphysema, predominantly upper lobe emphysema, and low exercise capacity post-rehabilitation.®® Among
patients with non-upper-lobe emphysema and high exercise capacity post-rehabilitation, mortality was higher in the
surgery group than in the medical-therapy group.

Previous studies such as TORCH™®® and SUMMITZ) failed_to provide evidence for the efficacy of a LABA+ICS
combination compared to placebo in reducing mortality (primary outcome) in patients with COPD. These trials had no
requirement for a history of previous exacerbations. Inithe largest LAMA treatment trial UPLIFT, the intention to treat
analysis, i.e., 30 days after completion of the study period, did not demonstrate a reduction in mortality (secondary
outcome) compared to placebo. The majority of\patients included in this study utilized an ICS.

Evidence has emerged from two large randomized clinical trials, IMPACT“) and ETHOS,“%) that fixed-dose inhaled
triple combinations (LABA+LAMA+ICS).reduce all-cause mortality compared to dual inhaled LABD therapy. Together
these results suggest a beneficial effect of fixed-dose triple inhaled therapy versus fixed-dose LABA+LAMA
combinations on mortality in patients with symptomatic COPD who have a history of frequent and/or severe
exacerbations, and who were previously receiving maintenance therapy with triple therapy, LABA+ICS or single or dual
long-acting bronchodilators. These trials were enriched for symptomatic patients (CAAT™ > 10) with a history of
frequent (= 2 moderate exacerbations) and/or severe exacerbations (> 1 exacerbation requiring a hospital admission)
(Figure 3.19).

SUPPORTIVE, PALLIATIVE, END-OF-LIFE & HOSPICE CARE

Palliative care is a broad term that encompasses approaches to symptom control as well as management of terminal
patients close to death. The goal of palliative care is to prevent and relieve suffering, and to support the best possible
quality of life for patients and their families, regardless of the stage of disease or the need for other therapies.?%
COPD is a highly symptomatic disease and has many elements such as fatigue, dyspnea, depression, anxiety, insomnia
that require symptom-based palliative treatments. There is evidence that people with COPD are less likely to receive
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such services compared to patients with lung cancer.(%79) pa|liative care expands traditional disease-model medical
treatment to increase the focus on the goals of enhancing quality of life, optimizing function, helping with decision-
making about end-of-life care, and providing emotional and spiritual support to patients and their families.(2%2
Palliative approaches are essential in the context of end-of-life care as well as hospice care (a model for delivery of
end-of-life care for patients who are terminally ill and predicted to have less than 6 months to live). Increasingly,
palliative care teams are available for consultation for hospitalized patients.(7® Availability for outpatient palliative
care consultation is less common, and has been shown to improve quality of life, reduce symptoms and even prolong
survival for patients with advanced lung cancer.”® Key points for palliative, end-of-life and hospice care in COPD are
summarized in Figure 3.20.

Palliative Care, End of Life and Hospice Care in COPD

Figure 3.20

All clinicians managing patients with COPD should be aware of the effectiveness of.palliative
approaches to symptom control and use these in their practice (Evidence D)

End of life care should include discussions with patients and their families,about their views on
resuscitation, advance directives and place of death preferences (Evidence D)

Opiates, neuromuscular electrical stimulation (NMES), oxygen and fans blowing air onto the face
can relieve breathlessness (Evidence C)

Nutritional supplementation should be considered in malnourished patients with COPD (Evidence
B) as it may improve respiratory muscle strength and’overall health status (Evidence B)

Fatigue can be improved by self-management education, pulmonary rehabilitation, nutritional
support and mind-body interventions (Evidence B)

wat
Even when receiving optimal medical therapy many people with COPD continue to experience distressing
breathlessness, impaired exercise capacity, fatigue, and suffer panic, anxiety and depression.’®) Some of these
symptoms can be improveddby-wider use of palliative therapies that in the past have often been restricted to end-of-
life situations.

Palliative treatment of dyspnea

Relieving dyspnea during daily life activities to limit disability, improve quality of life, and reduce medical resource use
is @ major goal of COPD care. Multiple therapeutic approaches can be considered to target the variety of involved
mechanisms; they are dominated by inhaled bronchodilators, self-management education (where patients learn
breathing techniques) and pulmonary rehabilitation that includes exercise training. The roles of oxygen therapy, HFNT
and NIV for palliation of dyspnea are debated.(Z®)

Opiates,7%-800) neyromuscular electrical stimulation,®28% chest wall vibration,® and fans blowing air onto the
face(®0802803) can relieve breathlessness. Morphine may improve health status in patients with COPD,2%) and no
worsening in sleepiness was reported in one study when used for breathlessness in COPD.®% |mmediate-release
morphine extended exercise endurance time in over half of the patients with advanced COPD in one study.®%)
However, in another RCT oral extended-release morphine (8 mg/day or 16 mg/day for one week) did not improve
dyspnea compared with placebo in patients with mMRC scores of 3 or 4.%) Further research is required to determine
|Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer| 82




what patient characteristics predict response to opioid therapy,®%® however one cross-sectional study found greater
benefit in those with worse baseline dyspnea and higher BMI.8%) The optimal formulation and administration route
remain under discussion.(©22.8%)

Oxygen may offer some benefit even if the patient is not hypoxemic (SpO, > 92%) (Figure 3.17).€%) Pulmonary
rehabilitation is effective and in severe cases NIV can also reduce daytime breathlessness. Acupuncture and
acupressure are other non-pharmacological approaches in patients with advanced COPD that may improve
breathlessness and quality of life.(4%2810) Refractory dyspnea may be more effectively managed with a multidisciplinary
integrated palliative and respiratory care service.®)

There is no evidence for a beneficial effect of benzodiazepines®? and there are not enough data to recommend
distractive auditory stimuli (music), relaxation, counseling and support, with or without breathing relaxation training,
or psychotherapy.®3

Nutritional support

Low BMI and particularly low fat-free mass is associated with worse outcomes in_people with COPD.€ |n
malnourished people with COPD, nutritional supplementation promotes significant weight gain and leads to significant
improvements in respiratory muscle strength and overall health-related quality.‘of life.®'® Nutritional antioxidant
supplementation (vitamin C and E, zinc, and selenium) has been shown to improve antioxidant deficits, quadriceps
strength, and serum total protein, without further improvement in quadriceps endurance. Only in malnourished
patients has nutritional supplementation demonstrated significant improvements for 6MWD, respiratory muscle
strength and health status.®'® A 12-month nutritional intervention in‘muscle wasted patients had no effect on physical
capacity but physical activity was significantly higher.©10

Panic, anxiety & depression

The causes of depression and anxiety symptoms in people with COPD are multifactorial and include behavioral, social
and biological factors.®® Pulmonary rehabilitation may help reduce anxiety symptoms. The efficacy of
antidepressants in people with COPD has beenYinconclusive, possibly as a result of methodological issues in the
published trials. Cognitive behavioral therapy'and mind-body interventions (e.g., mindfulness-based therapy, yoga,
and relaxation) can reduce anxiety and depression; mind-body interventions also improve physical outcomes such as
lung function, dyspnea, exercise capacity and fatigue in people with COPD and psychological problems.®19

Fatigue
Fatigue in people with COPD can be improved by self-management education, pulmonary rehabilitation, nutritional
support and mind-body interventions. 29

In many patients, the disease trajectory in COPD is marked by a gradual decline in health status and increasing
symptoms, punctuated by acute exacerbations that are associated with an increased risk of dying.®2) Although
mortality rates following hospitalization for an acute exacerbation are declining,®22 reported rates still vary from
23%823) to 80%.82%) progressive respiratory failure, cardiovascular diseases, malignancies and other diseases are the
primary cause of death in people with COPD hospitalized for an exacerbation.®? |n qualitative studies, as well as
describing the high symptom burden, people with COPD and their families describe a need for a better understanding
of their condition and the psychological impact of living and dying with COPD.®2 palliative care is a broad term that
includes approaches to symptom control as well as management of terminal patients close to death. Palliative care,
end-of-life care, and hospice care are important components of the care of patients with advanced COPD.

End-of-life care should also include discussions with patients and their families about their views on resuscitation,

|Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer| 83




advance directives and place of death preferences.®2 At an individual level, prediction of 6-month survival in people
with COPD is unreliable and therefore early discussion of these issues is important together with phased introduction
of supportive care.®2) Hospitalization may be a trigger to initiate discussion of advance care planning. Patients and
their families live with uncertainty about the timing of death and fear of death will result from worsening dyspnea and
suffocation.®®) Good advance care planning can reduce anxiety for patients and their families by talking about death
and dying and offering emotional support. It can also ensure that care is consistent with their wishes and avoids
unnecessary, unwanted and costly invasive approaches.£22:80)

For patients with very advanced or terminal illness, hospice services may provide additional benefit. Hospice services
often focus on patients with severe disability or symptom burden and may provide these services within the patient’s
home or in hospice beds in dedicated hospice units or other institutions such as hospitals or nursing homes.
Organizations such as the National Hospice and Palliative Care Organization® provide guidance for selecting patients
with non-cancer diseases like COPD for access to hospice services (for example, disabling dyspnea at rest that is poorly
responsive to bronchodilators and progression of advanced disease demonstrated by increasing hospitalizations or
emergency department visits).(7237%) These guidelines discuss the difficulties in accurately predicting the prognosis of
patients with advanced COPD, but recognize the appropriateness of providing hospicesservices for some of these
patients.(7%2)
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INTERVENTIONAL & SURGICAL TREATMENTS FOR COPD

COPD is associated with airway and lung parenchyma structural changes that provide potential targets for
interventional and surgical treatments to alleviate dyspnea, reduce cough and mucus production, and improve quality
of life (Figure 3.21).

Overview of Current and Proposed Surgical and Bronchoscopic

Interventions for People with COPD Figure 3.21

Chronic Mucus :
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¢ Giant bullectomy
e Large airway stenting
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:urglc: ane * Nitrogen cryospray «(Targeted lung denervation * Coil
: rtonc o:icoplc * Rheoplasty * Thermal vapor ablation
Ll ) ¢ Lung sealants
e LVRS
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Lung structural related therapies include airway and emphysematous predominant treatments. Phenotyping patients
with clinical, physiological, and imaging tests is critical to select appropriate candidates and in assessing the benefits,
timing, and type of intervention to be performed. Multidisciplinary collaboration of pulmonology, thoracic surgery and
imaging disciplines are necessary to ensure quality outcomes.

Airway predominant treatments are currently the subject of Phase Il clinical trials; emphysematous based treatments
include bullectomy, lung volume reduction surgery, bronchoscopic lung reduction and in select cases, lung
transplantation. Each of these therapies are reviewed below.

Surgical and interventional treatments for patients with emphysema depends upon the severity of patient symptoms
despite optimized medical treatment, the specific structural abnormalities and features of the lung seen on CT imaging,
the presence of pulmonary and non-pulmonary comorbid conditions, physiological assessment, and the balance of
benefits and risks for the individual patient.

Key points for interventional therapy in stable COPD are summarized in Figure 3.22.
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Interventional Therapy in Stable COPD

Figure 3.22

Lung volume reduction surgery improves survival in patients with severe

sung V?Iume emphysema who have an upper-lobe and low post-rehabilitation exercise
Reduction Surgery : s
capacity (Evidence A)
. | . : :
Bullectomy In selected patients, bullectomy is associated with decreased dyspnea,

improved lung function and exercise tolerance (Evidence C)

In appropriately selected patients with very severe COPD, lung transplantation
has been shown to improve quality of life and functional capacity (Evidence C)

In patients with very severe COPD (progressive disease, BODE score of 7 to
10, and not candidates for lung volume reduction) lung transplantation may

Transplantation be considered for referral with at least one of the following: (1)*history of
hospitalization for exacerbation associated with acute hypércapnia (PaCO, >
50 mmHg); (2) pulmonary hypertension and/or cor pulmonale, despite oxygen
therapy; or (3) FEV1 < 20% and either DLco < 20% orhomogenous distribution
of emphysema (Evidence C)

In select patients with advanced emphysema,)bronchoscopic interventions
Bronchoscopic reduce end-expiratory lung volume and-improve exercise tolerance, health
Interventions status and lung function at 6-12 months following treatment. Endobronchial

valves (Evidence A); Lung coils (Evidence B); Vapor ablation (Evidence B)

Bronchoscopic Phase Ill trials are currently being conducted to determine the efficacy of
Interventions treatments for patients with'refractory exacerbations and chronic bronchitis
Under Study using cryospray, rheoplasty and targeted lung denervation technology
[G)
Bullectomy

Giant bullectomy is a rare;-but effective procedure for surgical resection of bulla that occupies more than one-third of
a hemithorax and compresses adjacent viable lung tissue. Reductions in dyspnea, and improvements in lung,
respiratory muscle,“and cardiac performance, as well as exercise tolerance have been reported.®328%) Blood or
thrombin instillation may be effective in those unfit for resection. ©35-837)

Lung volume reduction surgery

Lung hyperinflation is a major contributor to impaired respiratory function and is associated with increased
hospitalization and mortality. Hyperinflation increases the sensation of breathlessness and causes a reduction in
exercise due to increased chest wall elastance and reduced respiratory muscle and cardiac mechanics. Hyperinflation
is most pronounced in those patients with COPD that have an emphysematous predominant phenotype.

With LVRS, the most emphysematous portions of the lungs are resected to reduce hyperinflation,©® and increase
lung elastic recoil pressure and density.® The structural changes that result from LVRS can significantly improve
expiratory flow and chest wall, respiratory muscle and cardiac mechanics. 089 This results in improvements in FEV1,
walking distance and quality of life.(®42845 | VRS can be performed unilaterally or bilaterally. In NETT, a RCT that
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included patients with severe emphysema, bilateral LVRS improved survival in patients with upper-lobe emphysema
and low post-rehabilitation exercise capacity. In similar patients with high post-pulmonary rehabilitation exercise
capacity, no difference in survival was noted after LVRS, although health status and exercise capacity improved. A
reinterpretation of the NETT data at 5 years post treatment showed sustained improvements in lung function, exercise,
shortness of breath and quality of life.®4)

LVRS has been demonstrated to result in higher mortality than medical management in patients with severe
emphysema who have FEV1 < 20% predicted and either homogeneous emphysema on HRCT or a DLco < 20% of
predicted.®? |n addition to a lower DLco, a lower FEV1 and BMI values have also been reported to increase
mortality.®4®) Decreasing to a lower postoperative BODE is a predictor of improved survival following LVRS.&4)
Successful outcomes with LVRS have been reported in select patients with severely impaired DLco when hyperinflation
is severe, and associated with approachable emphysematous targets for resection.®9 |dentification of target zones
using three-dimensional computed tomographic imaging is beneficial in selecting resectable target zones.®b A
prospective economic analysis in NETT indicated that LVRS is costly relative to healthcare programs that do notinclude
surgery.(®2)

Post NETT, experienced centers have reported substantial physiological and functional improvements with LVRS,
accompanied by reduced morbidity and mortality.®538%) However, the numbers of patients undergoing LVRS remain
low worldwide.®%8%) Several patient factors such as difficulty in obtaining réferrals, the perception of increased
surgical complications, and limited continuity of care are reasons why the numbers of patients undergoing LVRS
remain low despite its reported benefits.% Additionally, respiratory physicians are reluctant to refer patients for
LVRS because of the uncertainty about the associated complications;-or lack of access to a multidisciplinary team to
discuss patient candidates.®?) To achieve successful outcomes, a_multidisciplinary team is key to select potential
patients for LVRS and coordinate postoperative care.(&%®)

In selected patients with heterogeneous or homogenous emphysema and significant hyperinflation refractory
to optimized medical care, surgical or,bronchoscopic modes of lung volume reduction (e.g., endobronchial
one-way valves, lung coils or thermalablation) may be considered.®? Some of these therapies (vapor ablation
and lung coils) are not widely available for clinical care in many countries.

In selected patients with a large bulla, surgical bullectomy may be considered.

In selected patients with,€OPD who have very severe airflow obstruction, and who do not have relevant
contraindications, lung transplantation may be considered.

Bronchoscopic interventions to reduce hyperinflation in severe emphysema

Due to the morbidity-and mortality associated with LVRS, less invasive bronchoscopic approaches to lung reduction
have been examined.®9 These include a variety of different bronchoscopic procedures to perform lung volume
reduction (i.e., ELVR) including airway bypass stents, EBV, self-activating coils, sealants and thermal ablative
techniques.®8 Although these techniques differ markedly from one another they are similar in their objective to
decrease thoracic volume to improve lung, chest wall and respiratory muscle mechanics.

Choosing bronchoscopic lung reduction (EBV, coil placement or thermal ablation) or surgical resection (LVRS) to treat
hyperinflation in a patient with emphysema depends on a number of factors. These include: the extent and pattern of
emphysema identified on HRCT; the presence of interlobar collateral ventilation measured by fissure integrity on HRCT
or physiological assessment (endoscopic balloon occlusion and flow assessment); regional availability of the various
therapies for clinical care, local proficiency in the performance of the procedures; and patient and provider
preferences. Bronchoscopic techniques depend upon the presence of an intact fissure between the treated and non-
treated lobe for EBV to be successful, but not for the other techniques. Vapor ablation therapy is the only lung
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reduction therapy that has been reported to be successfully performed at the segmental rather than lobar level. (€
Figure 3.23 provides an overview of the various interventional and surgical options for patients with emphysema.

Surgical and Interventional Therapies in Advanced Emphysema

Figure 3.23

Emphysema Predominant Not Candidate for
Phenotype with Hyperinflation Bullectomy, ELVR or LVRS

large no |Bfibulla
= .

Bullectomy ' Heterogeneous Homogeneous Lungtransplant J

Emphysema Emphysema ROa
1 |
¥ L 4 A 4 W
- CVor Fl+ | + CV or FI- | -CVor Fl+ ' + C\Aar FI- |
ELVR ELVR ELVR ELVR
(EBV,LVRC,VA) (LVRC,VA) (EBV,LVRC;YA) (LVRC,VA)
LVRS LVRS YRS LVRS

Note: not all therapies are clinically available in all countries. Long'term ELVR outcomes or direct comparisons to LVRS are unknown.

Definition of abbreviations: CV, collateral ventilation measure by Chartis; Fl + fissure integrity > 90% by HRCT; FI-, fissure integrity <
90% by HRCT; ELVR, Endoscopic Lung Volume Reduction, EBY, Endobronchial Valve; VA, Vapor Ablation; LVRC, Lung Volume Reduction
Coil; LVRS, Lung Volume Reduction Surgery. Modified-from Vogelmeier, AIRCCM, 2017.

Endobronchial one-way valves

EBV are the most well studied:therapy of all the ELVR techniques. RCTs showed significant increases in FEV; and 6MWD
as well as health status in-subjects selected for the absence of interlobar collateral ventilation compared to the control
group at 6 and 12 months.528862) Adverse effects in the endobronchial valve treatment group in both studies included
pneumothorax, valve temoval or valve replacement.528) Pneumothorax was seen in 26.6% of subjects treated with the
endobronchial valve usually within the first 72 hours of the procedure (76%).€284) Byt benefits have also been shown
in patients with heterogeneous compared to those with homogenous emphysema in one study. 28

Early-onset pneumothorax in the EBV treated group likely results from lung structural changes due to acute volume
reduction in the emphysematous targeted lobe by valve therapy that triggers rapid ipsilateral non-targeted lobe
expansion, a recognized indicator of successful target lobe occlusion in patients with intact fissures or absence of
collateral ventilation.®® Pleural adhesions may also be a contributing factor to the development of a
pneumothorax.) The occurrence of pneumothorax highlights the need for physicians performing this procedure to
have expertise in the management of procedural complications.

After the post-procedural period, patients treated with EBV tend to have a lower number of exacerbations and
episodes of respiratory failure compared to usual care. A comparison of treatment benefits and complications
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associated with EBV compared to LVRS show comparable benefits with endobronchial valve treatment but with fewer

complications.®2 Additionally, ELVR has similar beneficial effects whether it is performed in the upper or lower
lobes. (862865

Improved survival has been associated with post procedural atelectasis of the treated lobe post EBV.®7889) |mproved
survival has also been reported in patients with severe hyperinflation undergoing EBV compared to a matched
population not undergoing ELVR.€7

When preferences for medical treatment for patients with severe emphysema are elicited, the majority chose
treatments with EBV over LVRS or continued medial therapy.®™) ELVR with EBV is clinically available and approved for
treatment in many countries in the treatment of patients who have intact fissures or lack collateral
ventilation. (©82.872873)

The following bronchoscopic lung volume reduction techniques do not depend upon the presence of intact fissures or
absence of collateral ventilation.

Airway bypass stents

Airway bypass stents are transbronchial passages that are created through the walls of the central airways into the
emphysematous parenchyma to facilitate the emptying of trapped gas. In a prospective randomized controlled clinical
trial, patients had short term improvements, but no durable improvements\were found in lung function, 6MWD or
quality of life.®)

Sealants

A multicenter study examining the effects of a lung sealant to create lung reduction was discontinued prematurely;
while the study reported significant benefits in some physiologic parameters, the intervention was associated with
significant morbidity and mortality.®2®

Vapor ablation

In a prospective RCT, targeted thermal vapor.ablation of more diseased emphysematous segments to produce fibrosis
and atelectasis resulted in clinically meaningful and statistically significant improvements in lung function and health
status at 6 months. COPD exacerbation-was the most common serious adverse event. Durability of these changes was
subsequently reported at 12 months follow-up.@1879 This therapy has limited clinical availability.

Self-activating coils

Multicenter trials have-examined nitinol coils implanted into the lung compared to usual care on changes in 6MWD,
lung function and health status in patients with advanced homogenous and heterogeneous emphysema. Studies
reported an increase in 6MWD with coil treatment compared to control and smaller improvements in FEV3, and quality
of life measured by SGRQ.E-879) patients with baseline residual volume > 200% predicted, emphysema score > 20%
low attenuation area, and absence of airway disease are more likely to have clinically meaningful improvements in
lung function and quality of life.€8) Major complications included pneumonia, pneumothorax, hemoptysis and
exacerbations occurring more frequently in the coil group.®® This therapy has limited clinical availability.

Additional data are needed to define the optimal bronchoscopic lung volume technique to produce bronchoscopic
lung volume reduction in patients who lack fissure integrity, or exhibit collateral ventilation, and to refine the
procedure to reduce complications and improve longer term clinical outcomes. &%)

Sequential performance of LVRS or ELVR and lung transplantation
Because COPD is a progressive disease, LVRS or ELVR may be followed by lung transplantation. Conversely, patients
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who undergo single lung transplantation may subsequently undergo LVRS or ELVR to treat the hyperinflated native
lung. In patients with advanced emphysema who are hyperinflated, LVRS or ELVR might be effective treatments to
either delay the need for lung transplantation or optimize the condition of patients who may eventually require lung
transplantation.®81883) |n some patients following single lung transplantation, the performance of LVRS or ELVR to
decrease native lung hyperinflation may improve lung function and performance status.®488) The incidence of
postoperative bleeding requiring re-exploration and renal dysfunction requiring dialysis or the use of extracorporeal
membrane oxygenation may be higher in patients undergoing lung transplantation following LVRS.®281) previous
ELVR has been reported to have no impact on morbidity or survival post subsequent lung transplantation but may
affect microbial colonization.(©1.892)

Airway predominant treatments

Abnormalities that predominantly involve the airways, such as excessive dynamic collapse of the large airways
(tracheobronchomalacia) chronic bronchitis and frequent and severe exacerbations not responsive to optimal medical
treatment pose significant clinical challenges.

Excessive dynamic airway collapse

Excessive dynamic airway collapse or tracheobronchomalacia is a disorder of the<large airways where abnormal
collapsibility occurs with expiration. Commons symptoms are dyspnea, cough”and wheezing with inability to
expectorate phlegm. In a cross-sectional analysis of smokers, the presence-of-excessive dynamic airway collapse
observed on CT imaging was 5% and associated with worsened quality of life and more frequent and severe
exacerbations.®®) Ajrway stenting and tracheoplasty may be beneficial-in‘select patients.(©48%)

Chronic bronchitis is a common and significant contributor to a worsening of patient’s symptoms of cough and sputum
production and cause worsened quality of life and increased (mortality. No specific medical intervention significantly
and consistently alleviates chronic bronchitis. Newer. interventions have been proposed to reduce mucus
hypersecretion by eliminating airway goblet cell hyperplasia and submucosal glands.

Nitrogen cryospray

Liquid nitrogen metered cryospray is deliveted to the central airways and ablates the epithelium to a depth of 0.1 to
0.5 mm.&%) After treatment, rapid regeneration of normal epithelium occurs without scarring and may potentially
treat chronic bronchitis.(®%)

Another novel treatment for.chronic bronchitis is rheoplasty,®® which delivers short bursts of high frequency
electrical energy to the airway epithelium targeting submucosal tissues and goblet cells to facilitate their replacement
with healthier tissue. Ongoing Phase Ill RCTs are evaluating the efficacy of these therapies. @220

Lung denervation

Targeted lung denervation intends to disrupt parasympathetic nerve transmission to and from the lungs.(21992) |
patients with COPD, basal parasympathetic tone is elevated and increases acetylcholine levels and mucus production
and airway contraction. The treatment uses a water-cooled catheter with radiofrequency energy to disrupt
parasympathetic nerve transmission while protecting the airway surface.®29%) A Phase Il multicenter sham-
controlled RCT reported that lung denervation did not reduce the annualized rate of moderate and severe
exacerbations compared to sham but did show an improvement in dyspnea and less decline in FVC and FEV1 and
increase in residual volume.@®) Post-hoc analyses identified a subgroup with greater hyperinflation (residual volume
> 175% pred) and less emphysema (< 20% low attenuation area —950 HU) who had improvements in FEV1, CAAT™,
mMRC, and TDI, together with a reduction in moderate and severe exacerbations.®%) A further study is planned in
that subgroup.
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Lung transplantation

Over 1,000 patients with COPD annually undergo lung transplantation, or about 30.6% of all patients that undergo
transplantation.®?) Since implementation of the LAS scoring system, the numbers of patients undergoing lung
transplantation for COPD has been exceeded by the numbers of patients receiving transplantation for interstitial lung
diseases. Patients with COPD should be referred for consideration of lung transplantation when they have progressive
disease despite maximal medical treatment, are not candidates for lung volume reduction surgery, have a BODE index
of 5to 6, a PaCO; > 50 mmHg (6.6 kPa) and/or PaO, < 60 mmHg (8 kPa) and FEV1 < 25%.©%) They should be considered
for listing for lung transplantation when: the BODE index is 2 7; FEV1 is < 15% to 20%; they have had three or more
severe exacerbations during the previous year; one severe exacerbation with hypercapnic respiratory failure; or have
moderate to severe pulmonary hypertension.®® |n the last decade, lung transplant has been increasingly performed
in patients of older age, higher BMI, prior chest surgery, poor nutritional status, prior evidence of chronic infection,
cardiovascular disease, or extrapulmonary comorbid conditions.(&

Lung transplantation in patients with COPD has been predominately associated with an improvement in quality of life,
although not an increase in survival except for patients with COPD who have severe AATD or'those severely impaired
with high BODE scores.(832910-916) The median survival following lung transplantation for{dCOPD is 5.9 years. %) Qver
70% of lung transplants conducted in patients with COPD are double lung transplants;<the remainder are single lung
transplants.©) Bilateral lung transplantation leads to longer survival in patients with COPD especially in those < 60
years of age.(@18819)

In general, lung transplantation has limited availability due to the shortage of donor organs and cost, thus single vs.
double lung transplantation is balanced between individual patient factors vs. societal demands to increase the donor
pool for eligible recipients.®2 The most frequent complications in-patients with COPD after lung transplantation are
acute rejection, bronchiolitis obliterans, opportunistic infectians and lymphoproliferative disease. 1)
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CHAPTER 4: MANAGEMENT OF EXACERBATIONS

KEY POINTS:

e An exacerbation of COPD is an acute event with symptoms worsening over a few days (up to 14 days) and
characterized by increased dyspnea and/or cough and sputum that may be accompanied by tachypnea
and/or tachycardia. Exacerbations are often associated with increased local and systemic inflammation
caused by airway infection, pollution, or other insults to the lungs.

e Although COPD exacerbations are most frequently caused by infections (viral, bacteria) or environmental
pollutants, other conditions can mimic or worsen exacerbation-like symptoms. These include pneumonia,
pulmonary embolism, acute heart failure, and pneumothorax. In many patients the exact cause of an
exacerbation is unknown.

e Exacerbation severity is classified as mild, moderate or severe based on the clinical.characteristics of the
patient, according to the Rome proposal.

e Pharmacological therapy should be started as soon as possible to prevent.both complications and
subsequent events. It includes:

o SABAs, with or without short-acting anticholinergics, are recommended as the initial bronchodilators to
treat moderate/severe exacerbations.

o Systemic corticosteroids are recommended for up to 5 days in patients with moderate/severe
exacerbations.

o Antibiotics are recommended for a total of 5 days in patients with purulent sputum, prior history of lung
infections, etc.

o Methylxanthines are not recomménded due to increased side effect profiles.

e High flow oxygen systems and mechanical NIV are indicated for patients with COPD and acute respiratory
failure because they improve gas exchange, reduce work of breathing and the need for intubation. They also
decrease hospitalization.duration and improve survival.

e Maintenance therapy-with LABDs should be initiated as soon as possible. In patients with > 1 moderate or
severe exacerbation and elevated blood eosinophil levels, the addition of ICSs to a dual bronchodilator
regimen should-be considered at discharge.

e Exacerbation recovery time varies, taking up to 4-6 weeks, with some patients failing to return to their pre-
exacerbation functional state.

e Following an exacerbation, the management of COPD and its comorbidities should be reviewed and
appropriate measures for exacerbation prevention should be implemented (see Chapter 3).

DEFINITION

An exacerbation of COPD is an acute event with symptoms worsening over a few days (up to 14 days) and characterized
by increased dyspnea and/or cough and sputum that may be accompanied by tachypnea and/or tachycardia and is
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often associated with increased local and systemic inflammation caused by infection, pollution, or other insult to the
airways.@

Exacerbations of COPD are important events because they negatively impact health status, worsen airflow
obstruction,“8) disease progression, rates of hospitalization and readmission, and risk of death.(442444.922:924) cOpp
exacerbations are associated with increased airway inflammation, increased mucus production and marked gas
trapping.282929 These changes contribute to increased dyspnea that is the key symptom of an exacerbation. Other
important symptoms include increased sputum purulence and volume, together with worsened cough, wheeze and
difficulty sleeping due to symptoms.©2) Many exacerbations are not reported to healthcare professionals, and yet
these events, although often shorter in duration, also have a significant impact on health status.©22228) The WHO has
defined a minimum set of interventions for the management of exacerbations that are of use in most settings.(©2

The diagnosis and assessment at the point of contact with a person with COPD can beconfirmed by applying a
systematic approach as proposed by the Rome classification of severity and outlined in Figure 4.1.

Exacerbations: Diagnosis and Assessment

Figure 4.1

Complete a thorough clinical assessment for evidence of COPD and potential
respiratory and non-respiratory conditions, including patient’s symptoms,

1. and signs of pneumonia, cardiovascular conditions, and pulmonary
embolism.
Assess:
a. Symptomsseverity of dyspnea that can be determined by using a VAS,
2 and doetmentation of the presence of cough.

b. Signs'(tachypnea, tachycardia), sputum volume and color, and
respiratory distress (accessory muscle use).

Perform additional investigations, if needed and available, to evaluate
3. ‘ severity such as pulse oximetry, laboratory assessments such as blood
= eosinophils, CRP, viral and bacterial studies, and arterial blood gases.

Evaluate for underlying conditions such as viral or bacterial infections,
environmental or cardiovascular events that mimic the exacerbation.

5. Consider appropriate place of care.

Abbreviations: COPD = chronic obstructive pulmonary disease; CRP = C-reactive protein; VAS = visual analog scale.

Over the last two decades, the severity of an exacerbation has been classified post hoc primarily based on healthcare

resource utilization and the treatment implemented. “67:492.681.790930931) Thjs s probably adequate in clinical trials but
useless at the point of care. We are NOW proposing that the severity of an exacerbation (as well as its treatment and
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place of care) be determined based on the clinical characteristics of the patient. The Rome classification of
exacerbation severity@ is based on a thorough review of the available literature and a modified Delphi method to
determine the variables and thresholds included. We propose that the severity of COPD exacerbations should be
classified as mild, moderate or severe as summarized in Figure 4.2:

Mild
e DyspneaVAS<5
e Respiratory rate < 24 breaths/min
e Heartrate <95 bpm
e Resting Sa0; = 92% breathing ambient air (or patient's usual oxygen prescription) AND
change < 3% (when known)
e CRP <10 mg/L (if available)
Moderate (meets at least three of five*)
e DyspneaVAS>5
e Respiratory rate > 24 breaths/min
e Heartrate 295 bpm
e Resting Sa0; < 92% breathing ambient air (or patient's usual-0xXygen prescription) AND/OR
change > 3% (when known)
e CRP =10 mg/L (if available)
*If obtained, ABG may show hypoxemia (PaO, 70-80 mmHg)
Severe
e Dyspnea, respiratory rate, heart rate, SaO,-.and CRP same as moderate
e |If obtained, ABG may show hypoxemia{PaO, < 60 mmHg) and/or hypercapnia and acidosis
(PaCO; > 45 mmHg and pH < 7.35)

When evaluating a patient with COPD who is complaining of acute worsening of respiratory symptoms, it is desirable
to systematically evaluate the severity of the event.using clinical, physiological and laboratory variables that can reflect
organ decompensation and potential outcomes\(Figure 4.2).

In hospitalized patients, the severity of the exacerbation should be based on the patient’s clinical signs, and we
recommend the following classification: (232

No respiratory failure: Respiratory rate: < 24 breaths per minute; heart rate < 95 bpm, no use of accessory
respiratory muscles; no changes in mental status; hypoxemia improved with supplemental oxygen given via
Venturi mask 24-35% FiO,; no increase in PaCO,.

Respiratory failure: Respiratory rate: > 24 breaths per minute; heart rate > 95 bpm, using accessory respiratory
muscles; appropriate mental status; hypoxemia improved with supplemental oxygen via Venturi mask > 35%
FiO,; hypercapniai.e., PaCO; increased compared with baseline or elevated 50-60 mmHg.

Ventilatory Failure: Respiratory rate: > 24 breaths per minute; heart rate > 95 bpm, using accessory respiratory
muscles; acute changes in mental status; hypoxemia not improved with supplemental oxygen via Venturi mask
or requiring FiO, > 40%; hypercapnia i.e., PaCO; increased compared with baseline or elevated > 60 mmHg
and the presence of acidosis (pH < 7.25).

Several studies conducted in different countries have shown that the variables included in the Rome classification are
routinely available in the hospital setting.®3%4) |mportantly, these studies have shown that using the Rome
classification 15-30% of people admitted for a COPD exacerbation classify as having a mild event, whereas using a
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severity classification based on healthcare resource use they would have been classified as having had a severe event.
Around 50% of those admitted had a moderate episode and close to 10% a severe episode.(@3396) Datg suggest that
severity of exacerbations using the Rome grading scheme correlates with prognosis, including need for intensive care
admission and mortality.(©33-937)

In settings where laboratory variables are not available, such as primary care, the severity of an exacerbation can be
determined by quantification of dyspnea intensity using the VAS 0 to 10 dyspnea scale (where zero equates to not
short of breath at all and 10 is the worst shortness of breath ever experienced), respiratory rate, heart rate and SaO;
(Figure 4.2). Worsening of dyspnea in a patient with COPD, particularly if associated with cough, purulent sputum, and
difficulty sleeping due to these symptoms, but no other symptoms or signs may be diagnosed as a COPD exacerbation.
However, some patients may have worsening of respiratory symptoms, particularly dyspnea, but without other COPD
exacerbation symptoms; this should prompt careful consideration of concomitant conditions.“8) Where available,
measuring blood CRP level is also recommended.©¥) To move from mild to moderate severity, three of the variables
need to exceed the established thresholds. It is hoped that prospective validation will help better define exacerbations
and their severity at point of contact, and that documented validation may confirm, or help modify, the thresholds of
included factors. It is proposed that prospective research will help determine a more specific marker of lung injury
than the more generic CRP, as has been true for other organs and acute events.
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Classification of the Severity of COPD Exacerbations

Figure 4.2

COPD Patient with Suspected Exacerbation

l

Confirm Exacerbation Diagnosis and
Episode Severity

l

Severity Variable thresholds to determine severity

Mild (default) Dyspnea VAS < 5
RR < 24 breaths/min
HR < 95 bpm

Resting Sa0, > 92% breathing ambient air
(or patient's usual oxygen prescription) AND
change < 3% (when known)

CRP < 10 mg/L (if obtained)

Moderate Dyspnea VAS > 5
(meets at least RR > 24 breaths/min
three of five*) HR > 95 bpm

Resting Sa03 < 92% breathing ambient air (or
patient's usual oxygen prescription) AND/OR
change > 3% (when known)

CRPZ 10 mg/L
*If-obtained, ABG may show hypoxemia (PaO,
A <70-80 mmHg)

Severe & Dyspnea, RR, HR, Sa0, and CRP same as

& moderate
\2\ If obtained, ABG may show hypoxemia (PaO,
\O < 60 mmHg) and/or hypercapnia and acidosis
\\Q~ (PaCO, > 45 mmHg and pH < 7.35)

l

Determine etiology:

viral testing, sputum culture, other

Adapted from: The Rome Proposal, Celli et al. (2021) Am J Respir Crit Care Med. 204(11): 1251-8.

Abbreviations: VAS visual analog dyspnea scale; RR respiratory rate; HR heart rate; SaO, oxygen saturation; CRP
C-reactive protein; ABG arterial blood gases; PaO, arterial pressure of oxygen; PaCO: arterial pressure of carbon
dioxide.
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Patients with COPD are at increased risk of respiratory viral infections; @299 pacterial infections;®" pneumonia;®Z
6) decompensated heart failure; 228 myocardial infarction and arrhythmias; 484485.949) gnd pulmonary embolism. €%
92) These conditions may mimic or worsen exacerbations, particularly those requiring hospitalization, and are
associated with increased risk of developing a fatal or non-fatal cardiovascular event such as heart failure, cardiac
arrhythmias and/or stroke. Furthermore, the major adverse cardiovascular event risk remains elevated up to one year
after the exacerbation.“448) |n some patients, one or more conditions may contribute to the clinical presentation and
should be addressed appropriately, as outlined in Figure 4.3.

Conditions That May Mimic or Worsen Exacerbation-like Symptoms

Figure 4.3

Tools available to address potential confounders:

Acute viral or bacterial bronchitis
Viral and bacterial microbiological assessment
Chest X-ray

Heart failure
Chest X-ray or chest'CT scan
NT pro-brain natriuretic peptide (NT proBNP) and
Most frequent BNP
Cardiac ultrasound

Myocardial infarction and/or cardiac arrhythmias
(atriaMlutter/fibrillation)

Electrocardiography

Troponin

N
Q/Q‘ Pulmonary embolism
& Clinical probability assessment (hemoptysis, deep
@?‘ vein thrombosis, history of cancer, surgery, bone
& fracture)
0\2\ D-dimer

@ CT angiography for pulmonary embolism

Q Pneumonia
@) viral and bacterial microbiological assessment
C) Chest X-ray or chest CT scan

Lung ultrasound

Pneumothorax
Chest X-ray or chest CT scan

Less frequent
q Thoracic ultrasound
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When deciding on the setting in which a patient with an exacerbation should be managed, it is important to determine
not only the severity of the exacerbation per se, as detailed in the Rome proposal, if possible, but also assess how
compromised the patient is. This assessment should include underlying COPD severity, presence and severity of
comorbidities, mental status, and social and environmental factors, particularly the availability of home support. In
practice, most exacerbations are managed on an outpatient basis, however even patients with a mild exacerbation
may need hospital admission if there are other underlying problems. A guide to help assess the appropriate place of
management is given in Figure 4.4.

Assessing the Appropriate Place of Management During

COPD Exacerbation Figure 4.4

Confirm
Exacerbation
Diagnosis

!
- Ases

. \J
Exacerbation Mental Status & Presence & Evidence of Response to
Severity Hemodynamic of Serm% Home Support Initial Medical
Stability Comor Management

!

Place of Management

Indications for Respiratory

Ambulatory Indications for Hospitalization or Medical ICU

Mild exacerbation event Symptoms and signs of respiratory failure such Persistent or worsening hypoxemia

Minimal comorbid as increased respiratory rate, use of accessory and/or hypercarbia despite

involvement respiratory accessory muscles, worsening ventilator support

Cooperative patient hypoxemia and/or hypercarbia, mental status Worsening mental status changes

Good home support changes (confusion, lethargy, coma)
Failure of the exacerbation to respond to initial Need for invasive mechanical
medical management ventilation
Presence of serious concomitant comorbidities Hemodynamic instability: need
(e.g., heart failure, cardiac arrhythmias, etc.) for vasopressor support, cardiac

arrhythmias

Insufficient home support
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In patients with exacerbations who have no signs of respiratory distress or indications for hospitalization (Figure 4.4)
management can be ambulatory. Ambulatory patients should be closely followed up to ensure improvement, and they
should be instructed to seek medical care if there is acute worsening of their condition. When a person having a COPD
exacerbation comes to the ED, it is necessary to determine whether the exacerbation is life-threatening and consider
whether the increased work of breathing or impaired gas exchange requires high flow oxygen or NIV. To determine
the need for ventilator support (usually in the ED or hospital setting) blood gases should be measured. If high flow
oxygen or ventilator support is required healthcare providers should consider admission to an area where proper
monitoring and care by well-trained personnel can be provided. In less severe cases, the patient may be managed in
the ED and if the clinical response is good, the patient may be discharged to be treated at home with clear instructions
and a follow-up appointment.

If the patient is hospitalized, the severity of the exacerbation should be monitored based on their clinical signs
including the variables mentioned in the Rome proposal and mental status changes. Particularly important is the
monitoring of gas exchange variables. In this regard, the gold standard continues to be determination of ABGs©53.954)
in more severe cases, while venous blood gases can be helpful in less severe COPD exacefrbations.®® The use of
transcutaneous capnography©®%%7 can be helpful in less severe cases, while oxygen saturation, a universally useful
tool as the fifth vital sign, has been shown to be less accurate in individuals with darkef.skin tone.(©%®

RISK FACTORS AND SYMPTOMS

Given many exacerbations are not reported to healthcare professionals, people with COPD need to receive education
about the importance of understanding exacerbation symptoms and when to seek professional healthcare.

Exacerbations are mainly triggered by respiratory vifal infections, although bacterial infections and environmental
factors such as ambient air pollution, excess heat’and cold, wildfire smoke and dust-storms may also initiate and/or
amplify these events.(0235%:962) The most common viruses isolated are human rhinovirus (the cause of the common
cold), influenza, para-influenza and metapneumovirus which can be detected for up to a week after an exacerbation
onset.(®3%4) A report from the UK.showed RSV was associated with 8.7% of outpatient managed COPD
exacerbations.®7?) Exacerbations associated with viral infections are often more severe, last longer and precipitate
more hospitalizations, as seen'during winter. Short-term exposure to ambient NO,, PM2.5, and PM10 is associated
with increased hospitalizations, ED visits, and outpatient visits,®5 as well as increased mortality from COPD
exacerbations.“8266-968) a'9025 cohort study found that long term exposure to air pollution is also associated with
increased risk of COPD exacerbations.1%0)

Filamentous fungi, particularly Aspergillus species, may be identified in sputum samples of patients during moderate
or severe exacerbations®22 glthough their clinical relevance remains unclear. Invasive pulmonary aspergillosis is
rare (1.3-3.9%)”2 and more frequent in patients with more severe baseline airflow obstruction, recent use of broad-
spectrum antibiotics or parenteral steroids, and hypoalbuminemia.®® The diagnostic approach to invasive
aspergillosis in this setting remains challenging.@® Aspergillus sensitization is also a marker of increased risk of
exacerbations.®%

Exacerbations can be associated with increased dyspnea, difficulty breathing, fever and sputum production that, if
purulent, may indicate bacterial infection.(@26.93293) There js evidence that viral infections are associated with a
persistent, non-productive cough, worsening dyspnea and wheeze, with significant impact on quality of life.(75:978)
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During a COPD exacerbation, increased symptoms are usually present for 7-10 days, but some events may last longer.
At 8 weeks up to 20% of patients will not have recovered to their pre-exacerbation state.’9 COPD exacerbations
contribute to disease progression,®9 which is more likely if recovery from exacerbations is slow.® Exacerbations
can also cluster in time and once they occur there is increased likelihood of another event®45%2) (see Chapter 2).

Exacerbations in patients with COPD with biomass exposure are clinically similar to smoking-related COPD but markers
of inflammation (T2) may be enhanced in these patients during exacerbations.(©83)

Risk of occurrence

Several scores and factors can help predict COPD exacerbations. The most significant predictors include a history of
previous exacerbations, impaired lung function (particularly FEV1), and the number of COPD maintenance
medications. Other factors include female sex, higher daily reliever medication use, eosinophil count, and the presence
of comorbidities, such as a history of gastro-esophageal reflux. However, the strongest.predictor of future
exacerbation frequency remains the number of exacerbations in the prior year.#49 This includes exacerbations prior
to diagnosis, with even one exacerbation in the prior year increasing the risk of@xacerbations in the next 12
months,#45490.984.985) a|though the risk is greater if there have been two or more previous exacerbations. It is recognized
that these patients form a moderately stable phenotype, even if some studies have)shown that a significant proportion
of patients change their exacerbation frequency especially with worsening FEV/1:. (€5

Other factors associated with an increased risk of acute exacerbations and/or severity of exacerbations include an
increase in the ratio of the pulmonary artery to aorta cross sectional dimension (i.e., ratio > 1),%® g greater percentage
of emphysema or airway wall thickness®3!) measured by chest.CT imaging, dynamic hyperinflation,®? the presence
of chronic bronchitis,173%8) high symptom burden (as measured by mMRC scale and CAAT™) and GERD.(%

Risk of poor short-term outcomes

Several factors are associated with an increased risk.of readmission, including age, male sex, markers of health status,
disease burden (including previous exacerbation history), exacerbation severity (e.g., acidotic respiratory failure, need
for mechanical ventilation, length of hospital.stay), multimorbidity (e.g., CVDs, anxiety and depression), socio-familial
context, and some biomarkers.©2-992) Recegiving intubation with positive pressure ventilation or NIV are independent
risk factors for rehospitalization andhigher mortality.22) In addition, predictive scores have been developed to predict
the risk of readmission.®® Deficiencies in management have also been identified in large-scale audits: the lack of
healthcare resources such asrespiratory specialists is associated with re-hospitalization and mortality.(©%)

Vitamin D has an immune-modulating role and has been implicated in the pathophysiology of exacerbations.©%) As
with many chronic diseases, vitamin D levels are lower in people with COPD than in healthy individuals. Some, but not
all studies have shown that supplementation in people with severe deficiency results in a 50% reduction in episodes
and hospital admission.(226:90) Therefore it is recommended that all patients hospitalized for exacerbations should be
assessed and investigated for severe deficiency (< 10 ng/ml or < 25 nM) followed by supplementation if required.

Cohort studies have produced differing results regarding the ability of blood eosinophils to predict future exacerbation
outcomes, reporting either no relationship®? or a positive relationship.#%84%) Differences between studies are likely
due to different exacerbation histories and ICS use. The presence of sputum eosinophilia has been related to
susceptibility to viral infection.®9 There is insufficient evidence to recommend that blood eosinophils should be used
to predict future exacerbation risk on an individual basis in patients with COPD. It has been suggested that
exacerbations associated with an increase in sputum or blood eosinophils may be more responsive to systemic
steroids®%® although more prospective trials are needed to test this hypothesis.(®%® Recent prospective analysis of
SPIROMICS suggests that serum IgG levels are associated with increased risk of exacerbation.®%)
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Risk of poor long-term prognosis

Long-term prognosis following hospitalization for a COPD exacerbation is poor, with a five-year mortality rate of about
50%.1%90) Factors independently associated with poor outcome include older age, lower BMI, comorbidities (e.g., CVD
or lung cancer), previous hospitalizations for COPD exacerbations, clinical severity of the index exacerbation, and need

for LTOT at discharge.(1201-1003) patijents characterized by a higher prevalence and severity of respiratory symptoms,
poorer quality of life, worse lung function, lower exercise capacity, lower lung density and thickened bronchial walls
on CT-scan are also at increased risk of mortality following an acute COPD exacerbation.1%4 COPD exacerbations
increase the risk of adverse cardiovascular events, with heightened risk in the first 30 days persisting for up to 1-2
years.19%) Mortality risk may be heightened during spells of cold weather,(1906)

A Cochrane review concluded that the use of COPD exacerbation action plans with a single, short educational
component, in conjunction with ongoing support, reduced in-hospital healthcare utilization. Such educational
interventions were also found to increase the treatment of COPD exacerbations with corticosteroids and
antibiotics.(1%0)

Scores

Several scoring systems have been developed to quantify the risk of future COPD exacerbations. The most used tools
are SCOPEX (Score to Predict Short-Term Risk of COPD Exacerbations), which considers factors such as the number of
COPD maintenance medications prior to the trial, higher average daily reliever use, a greater number of previous year
exacerbations, lower FEV1/FVC ratio, and female sex. The score was validated.to predict the likelihood of exacerbation
within 6 months.“2%) CEX-HScore (CopdEX-Health Search Score) assesses!the risk of COPD exacerbation, with a focus
on the primary care setting and uses predictive factors that were developed using 16 determinants. The score showed
fair accuracy for predicting exacerbations over a 6-month period.'%) The DECAF Score (Dyspnea, Eosinopenia,
Consolidation, Acidemia, and Atrial Fibrillation) was developedte identify in-hospital mortality in patients experiencing
acute exacerbations.129 A modification of the DECAF sc¢ore (mDECAF) replaces atrial fibrillation with history of
exacerbations in the previous year. The main limitation.of these scores is the lack of validation, poor sensitivity and
specificity. GOLD does not recommend the routine use of any of these scores.

> —

TREATMENT OPTIONS

The goals of treatment for COPD exacerbations are to minimize the negative impact of the current exacerbation and
prevent the development of subsequent events.@9) Depending on the severity of an exacerbation and/or the severity
of the underlying disease, an exacerbation can be managed in either the outpatient or inpatient setting. More than
80% of exacerbations are managed on an outpatient basis with pharmacological therapies including bronchodilators,
corticosteroids, and antibiotics. 442831.1012)

The indications for assessing the need for hospitalization during a COPD exacerbation are shown in Figure 4.4. When
patients with a COPD exacerbation come to the ED, if hypoxemic they should be started on controlled oxygen therapy
and undergo assessment to determine whether the exacerbation is life-threatening and if increased work of breathing
or impaired gas exchange requires consideration for NIV. If so, healthcare providers should consider admission to an
area where proper monitoring and care can be provided. In less severe cases, the patient may be managed in the ED
or hospital ward unit. In addition to pharmacological therapy, hospital management of exacerbations includes
respiratory support (oxygen therapy, ventilation). The management of severe, but not life-threatening, exacerbations
is outlined in Figure 4.5. Key points for the management of all exacerbations are given in Figure 4.6.
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Management of Severe but not Life-threatening Exacerbations™

Figure 4.5

Assess severity of symptoms, blood gases, chest radiograph

Bronchodilators:
Increase doses and/or frequency of short-acting bronchodilators
Combine short-acting beta,-agonists and anticholinergics
Consider use of long-acting bronchodilators when patient becomes stable
Use spacers or air-driven nebulizers when appropriate

Consider oral corticosteroids

Consider antibiotics (oral) in patients with purulent oral secretions, prior positive sputum bacteria
culture or requiring mechanical ventilation (invasive or noninvasive)

Consider high flow oxygen (HFNT) or noninvasive ventilation (NIV), obtain(serial blood gas, venous
blood gas and pulse oximetry measurements

At all times:
Monitor fluid balance
Consider subcutaneous heparin or low molecular weight heparin for thromboembolism prophylaxis
Identify and treat associated conditions (e.g., heart fdilure, arrhythmias, pulmonary embolism etc.)

*Local resources need to be considered

Key Points for the Management of Exacerbations

Figure 4.6

Short-acting’inhaled beta,-agonists, with or without short-acting anticholinergics, are
recommended as the initial bronchodilators to treat an acute exacerbation (Evidence C)

Systemic corticosteroids can improve lung function (FEV1), oxygenation and shorten recovery time
and hospitalization duration. Duration of therapy 5 days (Evidence A)

Antibiotics are indicated in patients with purulent sputum, prior positive sputum bacteria culture,
or requiring mechanical ventilation (invasive or noninvasive) (Evidence A)

Antibiotics, when indicated, can shorten recovery time, reduce the risk of early relapse, treatment
failure, and hospitalization duration. Duration of therapy 5 days (Evidence B)

High flow oxygen (HFNT) is the first mode of ventilation used in COPD patients with acute
hypoxemic respiratory failure. For patients with hypercarbic respiratory failure or those who do not
respond to HFNT, use non-invasive mechanical ventilation (NIV) unless absolutely contraindicated.
NIV has been shown to: improve gas exchange, reduce breathing work and need for intubation,
decrease hospitalization duration and improve survival (Evidence A)
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PHARMACOLOGICAL TREATMENT

The three classes of medications commonly used for COPD exacerbations are bronchodilators, glucocorticoids, and
antibiotics.

Although there is no high-quality evidence from RCTs, it is recommended that inhaled SABAs, with or without short-
acting anticholinergics, are the initial bronchodilators for acute treatment of a COPD exacerbation.10131014) A
systematic review of the route of delivery of SABAs found no significant differences in FEV1 between using pMDIs
(with or without a spacer device) or nebulizers to deliver the agent, 5851915 3lthough the latter may be an easier delivery
method for sicker patients. If a nebulizer is chosen to deliver the bronchodilator agent, air-driven bronchodilator
nebulization is preferable to oxygen-driven in acute exacerbations of COPD to avoid the potential risk of increasing the
PaCO, associated with oxygen-driven bronchodilator administration.1%9 |t is recommended-that patients do not
receive high doses of SABA due to possible side effects. Patients can receive one dose of nebulized medication every
hour for 2-3 doses or use a pMDI one or two puffs every one hour for two or three doséssand then every 2-4 hours
based on the patient’s response. Although no clinical studies have evaluated the use'of inhaled LABDs (either betas-
agonists or anticholinergics or combinations) with or without ICS during an exacerbation, we recommend continuing
these treatments during the exacerbation or to start these medications as soon as’possible before hospital discharge.
In several countries nebulized LABDs are available, such as arformoterol, formoterol, or revefenacin. These
medications have an onset of action similar to albuterol but have a longerduration of action. These nebulized solutions
might be effective bronchodilators during exacerbations and could reduce the required frequency of treatments.
However, there have not been any trials comparing nebulized LABA with nebulized SABA for COPD exacerbations,
although this approach has been used in some hospital settings) One retrospective case-control study that compared
hospitalized subjects treated with a nebulized LABA versus a nebulized SABA found that there was a reduction in 30-
day readmissions with the LABA.(1910)

Intravenous methylxanthines (theophylline or_‘@aminophylline) are not recommended in these patients due to
significant side effects.(1918.1019)

Data from studies (mostly hospital-based) indicate that systemic glucocorticoids in COPD exacerbations shorten
recovery time and improveAung function (FEV1). They also improve oxygenation,1920-10239) the risk of early relapse,
treatment failure,1%% gnd-the length of hospitalization. (102010221025 A dgose of 40 mg prednisone-equivalent per day
for 5 days is recommended.(192 A systematic literature review concluded that a 5-day course of glucocorticoids is
likely to be sufficientin patients with mild-to-moderate exacerbations, with the recognition that the quality of the
evidence behind this recommendation is moderate.1%7 One observational study suggested that longer courses of oral
glucocorticoids for COPD exacerbations are associated with an increased risk of pneumonia and mortality.1928) Therapy
with oral prednisolone is equally effective to intravenous administration.1%2 Nebulized budesonide alone may be a
suitable alternative for treatment of exacerbations in some patients,1021.1030.1031) 3nd provides similar benefits to
intravenous methylprednisolone, although the choice between these options may depend on local cost issues, (1932.1033)
Even short bursts of glucocorticoids are associated with subsequent increased risk of pneumonia, sepsis and death934)
and use should be confined to patients with significant exacerbations. Recent studies suggest that glucocorticoids are
more efficacious when treating acute COPD exacerbations in patients based on blood eosinophil levels, 445.940.998,1035) o
double-blind, placebo-controlled RCT (STARR2) of prednisolone therapy guided by blood eosinophil count during an
acute COPD exacerbation suggested that prednisone could be safely avoided in some patients with COPD
exacerbations and low eosinophil levels in primary care settings.(1%3) However, there is a need for further prospective
studies in hospitalized patients to validate these findings.
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Although the infectious agents in COPD exacerbations can be viral or bacterial,(241037) the use of antibiotics in
exacerbations remains controversial. A Cochrane review concluded that there is a strong beneficial effect of antibiotic
treatment during an exacerbation requiring intensive care, in terms of mortality and treatment failure.%®) |n other
exacerbations requiring hospitalization the benefit is significant only when trials using antibiotics no longer in use are
included.(1%3® A |arge retrospective study showed that the administration of antibiotics in the first 2 hospital days was
associated with improved outcomes compared with later initiation or no antibiotic treatment during the
hospitalization.1%9 The benefit of using antibiotics in moderate, ambulatory exacerbations is less clear. In an RCT, the
addition of doxycycline to oral corticosteroids in an outpatient setting did not prolong the time to next
exacerbation.!®0 Systematic reviews of placebo-controlled studies have shown the benefits of antibiotic treatment
in moderately or severely ill patients with COPD exacerbations with increased cough and sputum purulence,(1041.1042)
These data are supported by more RCTs in patients with diagnoses of moderate COPD.1943)

Identifying markers to help determine which patients will benefit from the use of antibiotics«for the treatment of
exacerbations is key. In general, there is evidence supporting the use of antibiotics when_patients have clinical signs
of a bacterial infection e.g., increased sputum purulence.®'81%44) |ndeed, observed sputum purulence has 94.4%
sensitivity and 52% specificity for high bacterial load.®'® Unfortunately, in the outpatient setting, sputum cultures are
not feasible as they take at least 2 days and frequently do not give reliable results-for technical reasons.

Several biomarkers of airway infection are being studied in exacerbations‘of COPD. Earlier studies of CRP reported
contradictory findings.12451046) One RCT found a marked reductionlin antibiotic prescriptions without impaired
outcomes in UK primary care outpatients with an exacerbation in whom antibiotics prescriptions were guided by point-
of-care CRP testing."%? Another trial in patients hospitalized for exacerbations of COPD in The Netherlands found
similar results (reduced antibiotic use with no increase in treatment failure).@%0 A double-blind, placebo-controlled
study in exacerbations in patients with COPD who had mild to moderate airflow limitation and who were being
managed in primary care showed that purulence of sputum and elevated point-of-care CRP were the two factors that
identified patients with increased risk of failure without antibiotics.1948)

Procalcitonin is an acute phase reactant,that increases in response to bacterial infection and has been studied to
determine the use of antibiotics in COPD exacerbations.(1%9 The efficacy of this biomarker is controversial. Several
studies, conducted mainly in the outpatient setting, suggested that procalcitonin-guided antibiotic treatment reduces
antibiotic exposure and side effects with the same clinical efficacy.1959-1052) A systematic review and meta-analysis on

the use of procalcitonin in hospitalized patients with a COPD exacerbation found no significant reduction in overall
antibiotic exposure.1%3 jn'patients with COPD exacerbations treated in an ICU setting, the use of a procalcitonin-
based algorithm for initiating or stopping antibiotics was associated with a higher mortality rate when compared to
those receiving standard antibiotic regimens.%% Based on these conflicting results at this time we cannot recommend
the use of procalcitonin-based protocols to make the decision on using antibiotics in patients with COPD
exacerbations.9%)

In summary, during an exacerbation antibiotics should be given to patients with COPD who:

Have these at least two of these symptoms: increase in dyspnea, fever, sputum volume, and sputum
purulence, if increased purulence of sputum is one of these symptoms

Prior positive sputum culture during prior exacerbation

Require mechanical ventilation (invasive or noninvasive).(926.264)

The choice of the antibiotic should be based on local bacterial resistance patterns. Usually, initial empirical treatment
is an aminopenicillin with clavulanic acid, a macrolide, a tetracycline or, in selected patients, a quinolone. In patients
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with frequent exacerbations, severe airflow obstruction,19%61957) and/or exacerbations requiring mechanical
ventilation,1%8) cultures from sputum or other materials from the lung should be performed, as gram-negative
bacteria (e.g., Pseudomonas species) or resistant pathogens that are not sensitive to the above-mentioned antibiotics
may be present. The route of administration (oral or intravenous) depends on the condition of the patient and
pharmacokinetics of the antibiotic.

Shorter exposure to antibiotics may decrease the risk of developing antimicrobial resistance and complications
associated with this therapy. A meta-analysis demonstrated that < 5 days of antibiotic treatment had the same clinical
and bacteriological efficacy to longer conventional treatment in outpatients with COPD exacerbations.(%9 The
recommended length of antibiotic therapy is 5-7 days.1%9 We recommend a duration of < 5 days of antibiotic
treatment for outpatient treatment of COPD exacerbations. 10541059

Antioxidants

Mucolytics have been shown to have anti-inflammatory and antioxidant activity in addition to’their classical mucolytic
actions.(%9 Although mucolytics have been studied and used for COPD exacerbation prevention, there has been less
investigation of mucolytics during acute exacerbations, even though the propertiesof mucolytics make them suitable
for use during acute decompensations. Trials have shown that N-acetylcysteine<ds not effective in improving recovery
of FEV1, although it reduces symptoms of cough and phlegm, and redudces inflammatory biomarkers during
exacerbations.1261.1962) Thys N-acetylcysteine may be a useful adjunctito drug therapy in patients with difficulty
clearing airway secretions. A meta-analysis of 24 studies and 2172 patients has shown with moderate certainty that
mucolytics increase the rate of treatment success by 37%, while they also exert benefits on overall symptom scores,
presence of cough at follow-up and ease of expectoration. Further adequately powered clinical trials are needed. 193

Adjunct therapies

Depending on the clinical condition of the patient, an” appropriate fluid balance, use of diuretics when clinically
indicated, anticoagulants, and the treatment of comorbidities and nutritional aspects should be considered.
Hospitalized patients with COPD are at an incr€ased risk of deep vein thrombosis and pulmonary embolism; up to 5.9%
were found to have pulmonary embolism(950.1064.1065) prophylactic measures for thromboembolism should be
instituted in these patients.(1986.1067) Atall times, healthcare providers should strongly enforce the need for smoking
cessation.

P

MANAGEMENT OF RESPIRATORY FAILURE

High-flow nasal therapy

Oxygen therapy has been considered first line respiratory support in patients suffering an exacerbation. However, in
patients with COPD who remain hypoxemic despite the use of conventional oxygen therapy, hypercapnic, or unable
to tolerate NIV, HFNT has been used to deliver heated and humidified air-oxygen blends from 10 to 60 Ipm via
specialized nasal cannulas.(1%81970) |n yncontrolled, observational and retrospective studies, HFNT is associated with a
range of improvements in physiological measurements; decreased respiratory rate and effort, reduction in
hypercapnia, and improvements in thoracoabdominal synchrony, (1071-1073)

HFNT has been utilized in the treatment of exacerbations in patients with COPD in three distinct scenarios: 1)
treatment during hospitalized exacerbation, 2) to prevent reintubation in patients requiring intubation and positive
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pressure ventilation during an exacerbation, and 3) treatment of patients with stable COPD who are at risk for
exacerbations to prevent future moderate or severe exacerbations (Figure 4.7).

In a prospective RCT conducted in hospitalized hypoxemic exacerbations, patients who received HFNT developed less
treatment failure that required switching to NIV, or intubation and mechanical ventilation than those who received
conventional oxygen therapy.®9% However, another prospective RCT in patients hospitalized with exacerbations
reported no differences in the need for intubation or switch to NIV when comparing HFNT to conventional oxygen
therapy.(9%9 Furthermore, in subjects with a chronic hypercapnia those receiving HFNT had longer hospital stays and
used less NIV compared to those receiving conventional oxygen therapy.(976)

Indications for High Flow Oxygen Therapy (HFNT)*

Figure 4.7

At least one of the following:
Persistent hypoxemia
Unable to tolerate noninvasive ventilation (NIV)
Contraintidaction for NIV
Weaning patient off supplemental oxygen following NIV
Preventing reintubation in patients requiring intubation and positive pressure ventilation

Treatment of patients with stable COPD at risk of exacerbations

*Local resources need to be considered.

Several prospective RCTs have compared HFNT to NIV as first-line therapy in patients presenting with hospitalized
exacerbations and respiratory acidosis. Patients\who received HFNT had similar improvements in gas exchange at 12
hours and 5 days, hospitalization duration,‘and days of respiratory support to those receiving NIV, but patients who
received HFNT had fewer complications and reported it more comfortable than NIV.190) A multicenter RCT of patients
hospitalized with exacerbations reported HFNT to be non-inferior to NIV in lowering PaCO,; however, approximately
30% of patients randomized to HENT switched to NIV at 6 hours post-randomization due to a lack of improvement in
gas exchange.9D |n another-prospective noninferiority RCT of patients hospitalized with exacerbations, the
intubation rate was higherin‘the HFNT group compared to the NIV group; however, treatment switch rates, hospital
length of stay, and 28+day mortality rates were similar between groups.®%® |n patients with hypercapnic respiratory

failure, HFNT was noninferior to NIV for the primary outcome of endotracheal intubation or death within 7
days_(w,m)

HFNT has also been used post-extubation to prevent reintubation in patients hospitalized with exacerbation and acute
respiratory failure that required intubation and mechanical ventilation. Small, single-centered trials have shown that
HFNT is non-inferior to NIV in reducing cardon dioxide levels and respiratory rate, and HFNT was better tolerated than
NIV post-extubation in patients with COPD after receiving positive pressure ventilation to treat acute on chronic
respiratory failure.10781081) The effect of post extubation HFNT vs. NIV on reintubation and development of post-
extubation respiratory failure was evaluated in a large, prospective, multicenter RCT in high-risk patients, of whom
approximately 18-22% had underlying COPD as the cause of respiratory failure.%2 HFENT was non-inferior to NIV in
preventing reintubation or post-extubation respiratory failure, but the rates of post-extubation respiratory failure and
reintubation were high at 22% and 27%, respectively. In a subsequent study, post-extubation HFNT with NIV was again
non-inferior to HFNT alone in patients at high risk of extubation failure (e.g., age > 65 years or underlying
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cardiopulmonary disease; approximately 21-25% of subjects had underlying COPD),1%2) whereas in a further study in
similar patients, the rates of reintubation (11.8% vs. 18.2%) were significantly lower in those who received HFNT and
NIV vs. HFNT alone, as were the rates of post-extubation respiratory failure (21% vs. 29%).1%3 ERS Clinical Practice
Guidelines currently recommend the use of NIV over HFNT for patients at high risk of extubation failure post-
mechanical ventilation for exacerbations unless there are contraindications to NIV use. They also recommend the use
of NIV over HFNT in patients hospitalized with exacerbations and hypercapnic respiratory failure.(1984)

Chronic use of home HFNT in addition to LTOT has been reported to decrease the frequency of moderate and severe
exacerbations in select patients with COPD in comparison to LTOT.19851087) However, there was ho impact on mortality,
together with inconsistent effects on quality of life, gas exchange, lung function and 6MWD, potentially because
baseline patient characteristics varied in terms of degree of airflow obstruction and severity of hypercapnia between
studies. No obvious adverse effects were attributable to the use of chronic home HFNT. The home use of chronic
nocturnal HFNT to prevent moderate or severe exacerbations of COPD is currently the focus of several large,
multicenter international trials (NCT05204888, EplIC-HFT, HiLOT and HiFAE), which should provide results to
definitively assess appropriate parameters of patient selection, the efficacy of home HFNT an\patient outcomes, and
the technical aspects of optimal application.

Ventilatory support

Some patients need immediate admission to a specialist respiratory care unit<©rICU (Figure 4.4). In particular, the
admission of patients with severe exacerbations to intermediate or specialistrespiratory care units may be appropriate
if adequate personnel skills and equipment exist to identify and manage acute respiratory failure. Ventilatory support
in an exacerbation can be provided by either noninvasive (nasal or:facial mask) or invasive (orotracheal tube or
tracheostomy) ventilation. Respiratory stimulants are not recommended for acute respiratory failure.213)

Noninvasive mechanical ventilation (NIV)
NIV is the initial mode of ventilation to treat acute respiratory failure in patients hospitalized for acute exacerbations
of COPD. NIV has been studied in RCTs showing a success rate of 80-85%,1088-109) gnd has been shown to improve

oxygenation and acute respiratory acidosis, i.e., increasing pH and decreasing PaCO,. It also decreases respiratory rate,
work of breathing and severity of breathlesshess, and also decreases complications such as ventilator associated
pneumonia, and length of hospital stay< More importantly, mortality and intubation rates are reduced by this
intervention.(1082.1093-1095) Qnce patientsimprove and can tolerate at least 4 hours of unassisted breathing, NIV can be
directly discontinued without any.need for a “weaning” period.(%%) The indications for NIV1%%2) gre summarized in
Figure 4.8.

Indications for Noninvasive Mechanical Ventilation (NIV)

Figure 4.8

At least one of the following:
Respiratory acidosis (PaCO; = 6.0 kPa or 45 mmHg and arterial pH £ 7.35)

Severe dyspnea with clinical signs suggestive of respiratory muscle fatigue, increased work of
breathing, or both, such as use of respiratory accessory muscles, paradoxical motion of the
abdomen, or retraction of the intercostal spaces

Persistent hypoxemia despite supplemental oxygen therapy
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Invasive mechanical ventilation

The indications for initiating invasive mechanical ventilation during an exacerbation are shown in Figure 4.9, and
include failure of an initial trial of NIV.(1%0 As experience is gained with the generalized clinical use of NIV in COPD, a
number of indications for invasive mechanical ventilation are being successfully treated with NIV, thus eliminating
invasive mechanical ventilation as first line treatment of acute respiratory failure during hospitalization for COPD
exacerbation."%0 |n patients who fail NIV as initial therapy and receive invasive ventilation as subsequent rescue
therapy, morbidity, hospital length of stay and mortality are greater.99) The use of invasive ventilation in patients
with very severe COPD is influenced by the likely reversibility of the precipitating event, the patient’s wishes, and the
availability of intensive care facilities.%%% When possible, a clear statement of the patient’s own treatment wishes,
such as an advance directive or “living will”, makes these difficult decisions easier to resolve. Major hazards include
the risk of ventilator-acquired pneumonia (especially when multi-resistant organisms are prevalent), barotrauma and
volutrauma, the need for tracheostomy and consequential prolonged ventilation.

Indications for Invasive Mechanical Ventilation

Figure 4.9

Persistent life-threatening hypoxemia despite high flow oxygen (HFNT) or NIV

Unable to tolerate HFNT and/or NIV

Status post-respiratory or cardiac arrest

Diminished consciousness, psychomotor agitation inadequately controlled by sedation
Massive aspiration or persistent vomiting

Persistent inability to remove respiratory secretions

Severe hemodynamic instability without,response to fluids and vasoactive drugs

Severe ventricular or supraventricular arrhythmias

Acute mortality among patients with COPD and respiratory failure is lower than among patients ventilated for non-
COPD causes.19%®) Despite this,-patients who might otherwise survive are frequently denied admission to ICUs for
intubation because of unwarranted prognostic pessimism.(%9 A large study of patients with COPD and acute
respiratory failure reported.in-hospital mortality of 17% to 49%.11%) Further risk of mortality was reported over the
next 30 days up to 12)months, particularly among those patients who had poor lung function before invasive
ventilation (FEV1 < 30% predicted), had underlying cardiovascular disease, or were housebound. Patients who did not
have a previously diagnosed comorbidity, had respiratory failure due to a potentially reversible cause (such as an
infection), or were relatively mobile and not using long-term oxygen, did well after ventilator support.(#841101)

HOSPITAL DISCHARGE AND FOLLOW-UP

Readmissions occur in 30%-50% of patients within 30 days of discharge after hospitalization for COPD exacerbation,
and are associated with increased mortality. Prevention of readmission is a major goal of post-discharge care, together
with treatment optimization and stabilization of health status, prevention of comorbidity-related events, and
prolongation of survival. Reaching these goals requires planning discharge properly in terms of both timing and post-
discharge follow-up, and to implement appropriate long-term pharmacological and non-pharmacological therapy.
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Early supported discharge and at-home programs have provided inconclusive results, despite trends towards a
reduction of readmission and costs.(11%) The introduction of care bundles on hospital discharge that include education,
optimization of medication, supervision and correction of inhaler technique, adherence reinforcement, the
assessment and optimal management of comorbidities, pulmonary rehabilitation, supported self-management, early
visit to specialists, telemonitoring and continued patient contact have also been investigated (Figure 4.10). Several
observational studies analyzing retrospective claims for early (0 to 30 days) vs delayed (> 30 days) initiation of
LABA+LAMA+ICS fixed combination following patients’ first COPD exacerbation showed 20%-30% reduction in first
moderate or severe COPD exacerbation and a reduction in re-hospitalizations.1193-1105 A |arge real-world observational
study of patients hospitalized for COPD exacerbation demonstrated that the maintenance therapy received at
discharge impacted the future risk of exacerbation, readmission and mortality. It was also shown that most patients
were discharged on inappropriate therapy. Only 17.5% of patients were prescribed triple therapy at discharge, or
during the 2-week post-discharge period, with over one quarter of patients prescribed SABA only, or no inhaled
medication at all.(11%)

Discharge Criteria and Recommendations for Follow-up

Figure 4.10

AN\

1. Full review of all clinical and laboratory data 5. Assess need fdrcontinuing supplemental

2. Check maintenance therapy (see Figure 3.9, Oxygen
patients with elevated blood eosinophils should Provide{management plan
be discharged on LABA+LAMA+ICS)

o

7. Follow-up comorbidities such as cardiovascular

3. Reassess inhaler technique disease
4. Ensure understanding of withdrawal of acute 8._Ensure follow-up arrangements: early follow-
medications (steroids and/or antibiotics) up < 4 weeks, and late follow-up > 12 weeks as
indicated
4
1 -4 Weeks Follow-up N/ 12 - 16 Weeks Follow-up
e Evaluate ability to cope in his/bégral  Evaluate ability to cope in his/her usual
environment ?\ environment
* Review understanding 9{ ment ¢ Review understanding of treatment
regimen \2\ regimen
e Reassessment of io\@er techniques e Reassessment of inhaler techniques
* Reassess need_( ong-term oxygen » Reassess need for long-term oxygen
e Documen capacity to do physical e Document the capacity to do physical
activity consider patient eligibility to activity and activities of daily living
be enrolled in pulmonary rehabilitation o

Measure spirometry: FEV1

* Document symptoms: CAAT™ or mMRC « Document symptoms: CAAT™ or mMRC

e Determine status of comorbidities » Determine status of comorbidities

The impact of transitioning from hospital to home on patient outcomes and readmissions is impacted by patient
education and transitional care services.™%) Early rehabilitation post hospital discharge (i.e., < 4 weeks) is associated
with improved quality of life and increased exercise capacity and may be associated with decreased readmission rate
and improved survival,!1%® although the evidence regarding these two outcomes is heterogeneous.192.1110)
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Further, early follow-up (within 1 month) following discharge to review patient status and therapy should be
undertaken when possible, as this has been related to fewer readmissions.191119) | ack of early follow-up may reflect
both patient compliance, limited access to medical care, poor social and medical support, and/or the presence of more
severe disease. Additional follow-up at 3 months is recommended to ensure a return to the stable clinical state and to
permit a review of the patient’s symptoms, lung function (by spirometry), and where possible the assessment of
prognosis using multiple scoring systems such as BODE. In addition, arterial oxygen saturation and blood gas
assessment will more accurately determine the need for LTOT at prolonged follow-up compared to shortly after
discharge.(112)

CT assessment to determine the presence of bronchiectasis and emphysema should be done in patients with recurrent
exacerbations and/or hospitalizations.!3 A further detailed assessment of the presence and management of
comorbidities should also be undertaken (Figure 4.10).

PREVENTION OF FURTHER EXACERBATIONS

After an acute exacerbation, appropriate measures for prevention of further exacerbations should be initiated (Figure
4.10). The use of a LABA+LAMA+ICS, smoking cessation, immunization against-influenza, pneumonia, RSV and
pulmonary rehabilitation have been shown to improve function and reduce subsequent COPD exacerbations. (635.1114-
1118) The use of a LABA+LAMA+ICS fixed combination following hospitalization showed a significant reduction in first
moderate or severe COPD exacerbation and in the rate of re-hospitalizations.103-1104.1117) The treatment interventions
that significantly impact exacerbation risk and/or frequency are shown,in Figure 4.11 and Chapter 3.
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Interventions that Reduce the Frequency of COPD Exacerbations

Figure 4.11

Intervention Class Intervention
Bronchodilators LABAs

LAMAS

LABA + LAMA

Corticosteroid-containing regimens LABA + LAMA + ICS

Anti-inflammatory (non-steroid) Roflumilast
Dupilumab
Mepolizumab

Anti-infectives Vaccines

Long term macrolides

Mucoregulators N-acetylcysteine
Carbocysteine
Erdosteine

Various others Smoking cessation

Rehabilitation

Lung volume reduction

Vitamin'D

Shielding measures (e.g., mask wearing, minimizing
social contact, frequent hand washing)
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CHAPTER 5: COPD AND MULTIMORBIDITY

KEY POINTS:

e Patients with COPD often have other chronic conditions (multimorbidity) that increase the risk of
poor outcomes.

e Multimorbidity is often underdiagnosed and undertreated, and should be actively searched for in
each patient with COPD.

e The presence of those morbidities should not alter COPD treatment; comorbid disease should be
treated as per usual standards, despite the presence of COPD.

e CVDs, particularly hypertension, ischemic heart disease, heart failure and atrial_fibrillation, are
common in COPD. The risk of a major cardiovascular event is significantly increased during and up
to one year after a moderate or severe exacerbation.

e Lung cancer is a major cause of death in patients with COPD. An annual*tDCT scan is recommended
for lung cancer screening in patients with a smoking history, similar to recommendations for the
general population. Screening for lung cancer in patients with.COPD not associated with tobacco
smoking is not recommended due to lack of evidence.

e Bronchiectasis is frequently present in patients with-€OPD, and when associated with infections
impacts disease progression, exacerbations and risk of'death.

e Depression/anxiety are frequent and important morbidities in COPD. They are often under-
diagnosed and under-treated and are associated with poor health status and increased risk of death.

e In COPD, low BMI (< 21 kg/m?) is associated with increased risk of death. Obesity (> 30 kg/m?) is
associated with metabolic syndrome and OSA. If OSA is present, CPAP treatment decreases risk of
death.

e GERD is associated with an‘increased risk of exacerbations and poor health status.
e Multiple organ lassrof tissue (MOLT) manifested by osteoporosis, sarcopenia, anemia and
emphysema is_ associated with poor outcomes. Adequate nutrition, pulmonary rehabilitation and

management of MOLT can improve outcomes.

e When COPD is part of a multimorbidity care plan, a goal should be simplicity of treatment,
minimizing polypharmacy.

INTRODUCTION

Multimorbidity (defined as more than two additional chronic medical conditions) is common in patients with
COPD.(292:468,469,478,1118-1123) Hy nertension, ischemic heart disease (IHD), heart failure (HF), atrial fibrillation, lung cancer,
depression and anxiety, bronchiectasis, GERD, morbid obesity, frailty, and malnutrition are among the most common

morbid conditions in patients with COPD. These chronic conditions complicate the management of COPD and have a
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significant impact on its prognosis. Providing specific recommendations for many of these conditions in the setting of
COPD is challenging given the current state of evidence and the lack of guidelines addressing multimorbidity.

In patients with COPD, some of these morbidities arise independently of COPD. However, many are causally related,
either sharing pathobiological pathways or one disease increasing the poor outcome risk of the other. This concept,
known as “syndemics” represents a link between COPD and some of its comorbidities. 2411241125 |mportantly,
comorbidities that are characterized by symptoms usually associated with COPD may be overlooked e.g., heart failure
and lung cancer (breathlessness) or depression (fatigue and reduced physical activity).

Although COPD is negatively impacted by multiple comorbid diseases, COPD itself is also one of the most important
conditions that adversely affects the outcomes of other disorders. For example, patients with congestive heart failure,
ischemic heart disease,!'29) or those undergoing cardiac procedures such as coronary artery bypass grafting have
greater morbidity and mortality when COPD is present compared to when it is absent,(1127.1128)

Summary of the Modified 4Ms Person-centered Approach to

Multimorbid Patients with COPD Figure 5.1

. @)
Mentation 4
Establish the patient’s Iifﬁals.

Screen for depression, and
cognitive impa)'(ntf\t.

Medications

Review and if
necessary, establish a

Mobility

safe plan for their use. Ch:::: Z;r::il:;lce
Adjust dose or .
capacity.

de-prescribe if 1
appropriate. 04

Morbidities

Identify and address management.

Adapted from: Celli BR, Fabbri LM, Yohannes AM, Hawkins NM, Criner GJ, Bon J, Humbert M, Jenkins CR, Pantoni L, Papi A, Quint JK, Sethi S, Stolz D, Agusti A,
Sin DD. A person-centred clinical approach to the multimorbid patient with COPD. Eur J Intern Med. 2025 Aug 12:106424. doi: 10.1016/].ejim.2025.07.020.
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It is important to provide patients who have COPD with optimal evidence-based management for their respiratory
disease. Any encounter between a healthcare practitioner and an individual with COPD offers an opportunity to
manage not only their lung disease, but other prevalent morbidities. #1129 To maximize this opportunity, the Institute
for Healthcare Improvement®39 has proposed a systematic approach based on the ‘4Ms’ for elderly patients with
chronic non-communicable diseases: Mentation, Mobility, Medications, and Morbidities, all of which are important
drivers of outcomes in this population.(11311132) | the context of patients with COPD, the 4Ms approach has been
modified (Figure 5.1).1133) Evaluating Mentation is important to define health goals,(1'32 with a particular focus on
depression and dementia3% as well as more severe psychiatric pathologies including bipolarity and schizophrenia.
The patient should also be evaluated for Mobility, with particular attention to balance and frailty,3% and exercise
capacity tested with the MWD test, an excellent predictor of survival in patients with COPD.%221130) |t js important to
review all Medications used by the patient, as more than 90% receive polypharmacy, inappropriate use of which
results in poor clinical outcomes.™3) Finally, Morbidities, the focus of this chapter, need to be identified, since
appropriate diagnosis and management (in addition to specific treatment for COPD) improves outcomes. It is
important to remember that in this population, active smoking should be considered a disease by itself,'38) and needs
to be addressed with a smoking cessation program.

COPD, FRAILTY AND MULTIMORBIDITY

Frailty can be defined as a decline in multiple physiological systems, usually-associated with aging. Practically, it can

-

be determined by the presence of five components: weakness, slowness, exhaustion, low physical activity, and
unintentional weight loss.(39 Frailty is linked to conditions like cognitive impairment, cardiovascular disease, and with
multimorbidity, compounding health risks.49 |n g cohort study;-the prevalence of frailty among individuals with
COPD was higher than in individuals without COPD and may help identify people with COPD at risk of poor
outcomes.(#) A meta-analysis reported that frailty and_pre-frailty were associated with all-cause mortality, acute
exacerbation, and hospitalization in patients with COPD.!42 Frailty is a predictor of outcomes in people with
COPD.143) The ERS has published a review of current evidence on treating frailty in adults with chronic respiratory
disease and includes clinical management options’such as geriatric care, rehabilitation, nutrition, pharmacological and

psychological therapies.(144)

Once the general evaluation of Mentation, Medication and Mobility is complete, it is important to consider the most
frequent morbidities potentially affecting the patient. These morbidities have been clustered by system organs using
a modified Delphi methodology as shown in Figure 5.2.(1133)

Together with respiratory failure, some CVDs (arterial hypertension, heart failure, coronary artery disease, atrial
fibrillation-flutter and,;pulmonary hypertension) and lung cancer are the most frequent causes of death in patients
with COPD and therefore require close attention. However, other morbidities such as osteoporosis, depression,
anxiety, sarcopenia, anemia, sleep-related disorders and renal failure negatively impact health-related quality of life,
exacerbations and hospitalizations. Many are readily treatable and therefore, if identified, should be reviewed and
monitored over time to optimize management. We recognize that the recommendations presented below may be
insufficient for the management of all the morbidities patients with COPD may have and are not a substitute for the
use of specific guidelines for the management of each individual comorbid condition. However, they contain practical
information of use to healthcare providers caring for these patients.
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Morbidity Clusters Frequently Present in Patients with COPD that

Independently Impact Outcomes Figure 5.2

Mental cluster
Depression and anxiety
Cognitive impairment

Respiratory cluster
Lung cancer

Cardiovascular cluster
Systemic hypertension

Heart failure Asthma
Coronary artery disease Sleep disordered breathing

Arrhythmia Interstitial lung disease
Pulmonary hypertension Bronchiectasis

Metabolic diseases | 4 Multiple organs loss
cluster of tissue (MOLT)
Diabetes mellitus N\ cluster
Fatty liver - Osteoporosis
Obesity Sarcopenia
Gastroesophageal reflux / ‘ \ Renal failure
disease 4 Anemia

Adapted from: Celli BR, Fabbri LM, Yohannes AM, HawkinsNM, Criner GJ, Bon J, Humbert M, Jenkins CR, Pantoni L, Papi A, Quint JK, Sethi S, Stolz D, Agusti A,
Sin DD. A person-centred clinical approach to the multimorbid patient with COPD. Eur J Intern Med. 2025 Aug 12:106424. doi: 10.1016/j.€jim.2025.07.020.

CARDIOVASCUI:AR DISEASES

Cardiovascular diseases.are very frequent in patients with COPD that is caused by tobacco smoking, a shared risk factor
for both organ systems. Several morbidities are of special importance and should be considered in all patients with
COPD, namely: systemic arterial hypertension, heart failure, coronary artery disease, atrial fibrillation and pulmonary
hypertension,#68469471,1124) | 3 |arge, real-world population of people with established CVDs, COPD was associated
with a higher rate of cardiovascular events but patients with COPD were given less preventive therapy.14% The ESC
guidelines recommend investigating cardiovascular risk factors in all patients with COPD.(1146)

Close to 50% of patients with COPD have high blood pressure.1221124) yncontrolled hypertension is associated with
reduced health-related quality of life and an increased risk of heart failure, myocardial infarction, and stroke.(4D A||
patients should have their blood pressure measured at each medical evaluation, potentially complemented with home
monitoring, with values > 130/80 mmHg abnormal and meriting treatment.!!#? Correcting poor diet, physical
inactivity, and excessive alcohol consumption is crucial for hypertension control, either alone or with pharmacological
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therapy.(1146)

The pharmacological treatment of COPD should be optimized because such treatment has not been associated with
alterations in blood pressure levels. Systemic arterial hypertension should be managed according to guidelines, (1148.1149)

Heart failure is defined as a clinical syndrome (symptoms and signs) caused by a structural or functional cardiac
abnormality corroborated by elevated natriuretic peptide levels or objective clinical or laboratory evidence of
congestion. The prevalence of heart failure in patients with COPD ranges from 20-30%,1150.1181) with annual incidence
of 3—4%, although it is frequently under-diagnosed and should be proactively searched for since it is easily identified.
The reduced (HFrEF) and preserved (HFpEF) ejection fraction phenotypes of heart failure occur with similar frequency
(10% each) in patients with COPD. Close to 40% of patients with COPD who are mechanically ventilated due to
hypercapnic respiratory failure have evidence of left ventricular dysfunction.(11521153) The presence of heart failure is
an independent predictor of all-cause mortality.(1154

International guidelines recommend the measurement of natriuretic peptides in patientswith suspected heart failure,
followed by echocardiography if abnormal. In patients with COPD, natriuretic peptides demonstrate high negative
predictive values (0.80-0.98) to exclude left ventricular dysfunction in both -stable state and during COPD
exacerbations. However, they have relatively lower positive predictive values impatients with COPD than in the general
population,(1155.1156)

Cardiovascular guidelines provide specific recommendations.5 For HFrEF this includes ACE inhibitors or angiotensin
receptor blockers or sacubitril-valsartan, beta-blockers, mineralocorticoid receptor antagonists, and sodium-glucose
transport protein 2 inhibitors. For HFpEF this includes sodium-glucose transport protein 2 inhibitors, sacubitril-
valsartan and mineralocorticoid receptor antagonistsi~Treatment with Pi-blockers improves survival in heart
failure and is recommended in patients who also have.COPD. Selective Bi-blockers should be used only for approved
cardiovascular indications and not for preventing.exacerbations of COPD.™M5%) Acute heart failure should be treated
according to usual heart failure guidelines. Noninvasive ventilation added to conventional therapy improves outcomes
for patients with heart failure with acute pulmonary edema. 1158

Coronary artery disease occursAin 10-20% of patients with COPD, and its presence is associated with increased
morbidity and mortality of these patients.(1521160) Cardiovascular risk may be assessed by the global risk calculator
that can be found on the US NHLBI website.8) The diagnosis of coronary artery disease is made in patients with
different clinical presentations, including patients with symptoms (angina) or as a result of tests (ECG, high sensitivity
troponin or coronary artery calcification seen in a CT scan).

In addition to assessing cardiovascular risk with conventional tools, screening using high sensitivity troponin at COPD
diagnosis and at unexplained change in symptoms (dyspnea, chest pain or tightness, worsened exercise limitation) is
recommended. Around 29-39% of patients with stable COPD have high sensitivity troponin values above the
established general population with moderate cardiovascular risk threshold of 5-6 ng/L.1162 When combined with
ischemic resting ECG abnormalities the risk of all-cause mortality almost doubles compared to those with no cardiac
biomarkers.1163)

During, and for at least one year after an acute COPD exacerbation, there is an increased risk of cardiovascular events
(death, myocardial infarction, stroke, arrhythmias, unstable angina, and transient ischemic attack).184 The risk is even
higher if the exacerbation has resulted in hospitalization.#8486.1165 The treatment of coronary artery disease should
be according to guidelines irrespective of the presence of COPD and is best managed by a cardiologist. However, at a
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regular visit with the COPD healthcare practitioner, a review of the treatment is warranted.

Cardiac arrhythmias are common in patients with COPD.™9) Atrial fibrillation is frequent and associated with a lower
FEV1,M187) and concomitant COPD and atrial fibrillation is associated with more than a two-fold higher risk of all-cause
mortality and of cardiovascular death compared with atrial fibrillation alone.(® Further, the risk of hospitalization
for atrial fibrillation in the first 30 days after an exacerbation of COPD is increased when the exacerbation results in
hospitalization.(89 |n patients with COPD presenting with severe worsening dyspnea, associated atrial fibrillation is
frequently documented, and it may be either a trigger or a consequence of an acute exacerbation episode. 79

For the diagnosis, it is recommended that an ECG is obtained at COPD diagnosis and at unexplained change in
symptoms. Use of Holter monitoring may be indicated in patients with intermittent complaints of dizziness or fainting
episodes because the prevalence of atrial fibrillation rises with extended monitoring duration.

The cornerstones of atrial fibrillation management are oral anticoagulation combined with, rate or rhythm control
strategies. ™) There is no contraindication to any specific rate or rhythm control medication or strategy in patients
with COPD, including beta-blockers. Catheter ablation should be considered for atrialfibrillation according to standard
eligibility criteria. The presence of atrial fibrillation does not alter the treatment of COPD, as although bronchodilators
have been previously described as potentially pro-arrhythmic agents; 11721173 av3gilable evidence suggests an overall
acceptable safety profile for LABAs,M74) anticholinergic drugs (and 1CSs),(281.175-1181) Neyertheless, caution is advised

when using SABAsU1741182) gnd theophylline, which may precipitate) atrial fibrillation and make control of the

ventricular response rate difficult.(1183-1189)

The presence of PH in patients with COPD is clinically relevant, as it is associated with increased healthcare resource
utilization, more hospitalizations and a poor prognosis.280

PH is defined by an elevated mPAP > 20 mmHg, as assessed by right heart catheterization;(11861187) 25.30% of all
patients with COPD present with mildly elevated mPAP.(1186-1188) pH ig classified in five distinct groups, based on their

different pathophysiological mechanisms, clinical presentation and therapeutic management: PAH (group 1), PH
associated with left heart disease™(group 2), PH associated with lung diseases and/or hypoxia (group 3), chronic
thromboembolic PH (group 4) and-PH associated with unclear and/or multifactorial mechanisms (group 5). All groups
of PH can be diagnosed in patients with COPD.28 |ndeed, COPD may contribute to pulmonary vascular disease.

A diagnosis of PH in-a‘patient with COPD requires a careful analysis of the possible mechanisms leading to elevated
mPAP. This is critical in order to identify treatable traits of PH-COPD. For example, chronic thromboembolic PH is a
treatable cause of PH occurring more frequently in patients above the age of 40 years, and can be detected in patients
with COPD.(1&9)

A subgroup (5%) of patients with COPD have severe PH.(1186.1187.1190) The 2022 ESC/ERS PH guidelines define severe PH-
COPD by an increased peripheral vascular resistance > 5 Wood Units.(18.1187.1191) The severity of PH is an independent
predictor of prognosis,®?) and patients with severe PH-COPD frequently present with mild-to-moderate airflow
limitation, no or very mild hypercapnia, a low DLco (< 45% predicted) and circulatory exercise limitation. For this group
of patients the term “pulmonary vascular phenotype” has been suggested.2 Pulmonary pressure increases during a
COPD exacerbation, but its role is still uncertain.192

Echocardiography is the best non-invasive tool to estimate the probability and severity of PH.@Z1186.1187) |4 5ddition,
elevated N-terminal pro B-type natriuretic peptide and an increased ratio of the diameter of the pulmonary artery and
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the aorta on HRCT are associated with the presence of PH-COPD. Of note, the diameter of the pulmonary artery has
also been associated with the risk of COPD exacerbations.(2)

Patients with PH-COPD should be referred to a PH center with experience in respiratory diseases where they will

undergo right heart catheterization and multidisciplinary assessment to guide treatment decision (Figure 5.3). Long-
term oxygen therapy is recommended in hypoxemic patients.

Treatable Traits in Pulmonary Hypertension-COPD (PH-COPD)

& Suggested Management Figure 5.3

COPD and PAH Treat as PAH with comorbidity accordingto,2022
(Group 1 PH) ESC/ERS PH guidelines

COPD and severe PH associated with Individualized treatment approach in PH center
lung diseases and/or hypoxia with experience in respiratory diseases

(Group 3 PH)

COPD and CTEPH Treat as CTEPH according to 2022 ESC/ERS PH
(Group 4 PH) guidelines

Abbreviations: PAH, pulmonary arterial hypertension; PH, pulmonary hypertension; ESC/ERS, European Society of
Cardiology/European Respiratory Society; CTERH, chronic thromboembolic PH.

In patients with non-severe PH-COPD the use of PAH medications is not recommended. Patients with severe PH-COPD
require an individualized approach.(11861187) Fyrther well-designed RCTs should be encouraged to advise for or against
the use of PAH medications'in PH-COPD.(1%3)

s

PAD is commonly associated with atherosclerotic heart disease and may have significant implications for functional
activity as well as health-related quality of life in people with COPD.1%4) |n 3 large cohort of patients with COPD of all
degrees of severity, 8.8% were diagnosed with PAD — a prevalence that is higher than in non-COPD controls (1.8%).(124)

Patients with COPD and PAD reported worse functional capacity and health status compared to those without PAD.
The management of PAD depends on its severity, with surgery to be considered in patients with severe limitations.1%)
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RESPIRATORY DISEASES

Lung cancer is the leading cause of death from malignant disease worldwide, with more deaths from lung cancer than
from colon, breast and prostate cancer combined, causing an estimated 1.6 million deaths worldwide each year.11%)
Unfortunately, the great majority of lung cancers are diagnosed at an advanced stage, resulting in poor overall
survival.9) Therefore, primary and secondary prevention and early detection are important to improve survival. The
association between COPD and lung cancer has been systematically confirmed in several epidemiological and
observational cohort studies.(1124.1198-1201) These two diseases appear to share more than tobacco smoke exposure as
their common origin (Figure 5.4). Genetic susceptibility, epigenetic changes in DNA methylation, local pulmonary
chronic inflammation and abnormal lung repair mechanisms present in COPD are also thought to be the most

important potential contributors to lung cancer development.(12021204) \Whether the spirometric severity of airflow
obstruction is directly or inversely associated with a greater risk for lung cancer «dévelopment remains
controversial 12001205 The association between lung cancer and the degree of emphyséma is stronger than that
existing between lung cancer and degree of airflow obstruction, and the greatest risk.s observed in people with the
combination of emphysema diagnosed by CT and airflow obstruction determined by spirometry.(12061207) The best
preventive measures for lung cancer (as for COPD) are smoking prevention and ¢éssation.(1208)

Common Risk Factors for the Development of Lung Cancer

Figure 5.4

Age > 55 years

Smoking history > 30.pack years

Presence of emphysema by CT scan

Presence of airflow limitation FEV1/FVC < 0.7
BMI <25 kg/m?

Family history of lung cancer

Several studies involving the use of low-dose chest CT screening have shown improved survival.(420.1209.1210) The USPSTF
updated its recommendation for lung cancer screening in 2021,1219) based on a systematic review that examined the
accuracy of screening for lung cancer, and that considered the benefits and harms associated with lung cancer
screening. USPSTF also commissioned collaborative modeling studies from the National Cancer Institute CISNET to
provide the optimal age to begin and end lung cancer screening, the optimal screening interval, and to assess the
relative benefits and harms of different screening strategies. The USPSTF now recommends annual screening for lung
cancer with low-dose CT in adults aged 50-80 years who have a 20-pack year smoking history and currently smoke, or
who quit smoking within the past 15 years. They recommend stopping screening once either the person has not
smoked for 15 years or develops a health problem that substantially limits life expectancy or the ability or willingness
to have curative lung surgery. Additionally, the CISNET modelling analysis supports screening at a younger age with a
lower smoking burden to address current racial and gender disparities that exist with lung cancer screening.(1211-1215)
COPD has also been reported to be an independent risk factor for lung cancer incidence in never smokers,1216.1217) jth
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risk factors including biomass fuel exposure, second-hand smoke, radon exposure, air pollution, a family history of
lung cancer, and asbestos exposure. However, routine annual screening with LDCT has not been conducted in people
with COPD who are never smokers, and annual LDCT screening is not currently recommended for these individuals
since the possible harms of screening seem to outweigh the possible benefit of finding early lung cancer.®2®) Although
the USPSTF recommendations are supported by several major medical societies, important questions still remain.
Several studies have suggested that the yield of CT screening would improve if additional variables such as age,
smoking history, BMI, presence of airflow obstruction and or emphysema and family history of lung cancer were added
to the current screening criteria.(3%21219)

The implementation of a screening program, where available, could be useful, but has to be implemented in the
appropriate environment to avoid over-diagnosis, increased morbidity and mortality due to needless diagnostic
procedures for benign abnormalities, and anxiety and incomplete follow-up.229 However, one Danish study
suggested that being part of a lung cancer screening program significantly promotes smoking abstinence,22) and a
review of different studies concluded that smoking cessation during LDCT screening results in improved spirometry as
well as a decrease in micronodules seen on the baseline CT, thus beneficially affecting lung.cahcer and COPD.(1208)
Smoking cessation interventions as part of CT scan screening programs could be of use.

Inhaled corticosteroids and lung cancer incidence
ICSs are recommended in selected people with COPD, although their potential\impact on the development of lung
cancer has been the subject of conflicting reports.(12221224) Bgsed on the available data, ICSs do not appear to increase

or decrease the risk of lung cancer — although this is pending studies adequately planned to clarify these important
questions.

Patients with asthma have a high risk of developing CORD} even after adjusting for smoking status.®® Furthermore,
airflow limitation that persists after bronchodilator administration may be present in 5-21% of patients with
asthma.(12251226) patients with comorbid asthma_and COPD have increased dyspnea, worse health-related quality of
life, an increased risk of exacerbation and hospitalization, greater lung function decline, and a reduced life expectancy
compared to those with COPD alone.(122-1230) jn patients with COPD, the coexistence of asthma should be considered
in those with a family history of asthma, previous childhood diagnosis of asthma/bronchitis, wheezing, atopic
manifestations, childhood respiratory infections, and use of inhaled medications.(1231)

Bronchodilator responsiveness.and blood eosinophil levels do not differentiate between asthma, COPD, or comorbid
asthma and COPD, even.though blood eosinophil and fractional exhaled nitric oxide levels tend to be higher in those
with comorbid asthma and COPD.(2321233) \We recommend the close examination of a lung CT, as patients with
comorbid asthma and’COPD tend to have greater airway thickness and less emphysema than those with COPD alone.
Furthermore, mucus plugging is more prevalent in patients with asthma or comorbid asthma and COPD than COPD
alone, and the extent of mucus plugging is associated with increased mortality.(187:190.1234)

All asthma preventive measures and treatments should be employed, particularly maintenance ICS, if asthma is
identified in a patient with COPD. Some patients with COPD and T2 inflammation without a diagnosis of asthma benefit
from biologic therapy. (6816911235

Pulmonary TB and COPD are two prevalent respiratory diseases in LMICs. Increasing evidence has shown that a history
of pulmonary TB is associated with the development of chronic airflow obstruction, 2151236) while patients with COPD
have a three times increased risk of developing active TB compared with the general population.“23) pulmonary TB

can cause permanent structural abnormalities in both the airways and lung parenchyma, such as calcification,
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cavitation, traction bronchiectasis, and fibrosis, leading to post-TB lung damage. Besides, TB may induce a particular
form of inflammatory response with small airway and perivascular involvement which may further contribute to gas
trapping, airflow limitation, and impaired diffusion capacity.231238) Gjven these pathophysiological features, TB-
associated COPD is increasingly recognized as a distinct cause of COPD. Cigarette smoking and Mycobacterium
tuberculosis infection may act synergistically to exacerbate lung destruction, and patients with TB who smoke often
present with more severe disease, increased cavitation, delayed response to anti-TB therapy, and worse outcomes.

The use of ICS, especially at higher doses, may increase the risk of TB reactivation or development in patients with
COPD,12321240) and in patients with underlying risk factors, such as those living in TB-endemic regions, patients with
radiologic sequelae of TB, and patients who are immunocompromised or have comorbidities such as diabetes or low
bodyweight.(1241.1242) |, sy ch settings, ICS should be used with caution and active TB must be excluded before initiation
of this therapy. Patients should be closely monitored during treatment.

With increasing use of CT in the assessment of COPD, previously unrecognized bronchiectasis is often being
identified,1243) although it is unclear at present whether a diagnosis based on radiological ctiteria has the same impact
as a clinical diagnosis of bronchiectasis. The prevalence of bronchiectasis in patients/with COPD has been reported in
several studies with varied results ranging from 20-69%.3151244) Bronchiectasis-is probably caused by an interplay
between chronic airways infection and inflammation in COPD.!245 A continuum may exist between chronic bacterial
infection without radiological changes and overt radiological bronchiectasis.(3341246) Comorbid bronchiectasis in COPD
tends to be cylindrical or tubular, bilateral and lower lobe dominant,.and is associated with increased exacerbation
frequency, increased risk of pneumonia, airflow obstruction, and mortality.(314.1247.1248) |f hronchiectasis is diagnosed
(usually with imaging), tests to determine etiology should be individualized, such as immunoglobulin deficiency, cystic
fibrosis transmembrane conductance regulator mutation, ciliary dysfunction, and fungal or mycobacterial infection.

In patients with COPD and bronchiectasis, ICS use shotld be carefully evaluated because such individuals are prone to
pneumonia and nontuberculous mycobacteria infections.249) A blood eosinophil threshold of 300 cells/uL could be
used to support ICS use, although if lower respiratory tract infections are frequent, ICS cessation should be considered.
Macrolide therapy may benefit both the COPD and bronchiectasis by reducing exacerbations. Measures to enhance
secretion clearance and chronic inhaled~antibiotics can prevent exacerbations.125) Sputum culture is indicated,
because its results may help guide-antibiotic therapy. The anti-inflammatory dipeptidyl peptidase-1 inhibitor
brensocatib, which has been evaluated in bronchiectasis and approved by the FDA, might also be effective in patients
with combined bronchiectasis\and COPD.(1251

.
nmwss

ILDs are conditions hallmarked by fibrotic changes of the lung.252:125) COPD and ILDs may coexist as they share
common risks (e.g., older age, male sex, and occupational and toxic inhaled exposures). Patients with ILDs typically
report dyspnea as their main symptom due to similar mechanisms as COPD despite marked differences in respiratory
mechanics.125512%6) \When patients with comorbid ILDs and COPD experience an acute exacerbation it may be due to
either disease, with important implications for treatment and prognosis.257 |LAs, an imaging finding of early ILDs that
occurs in 7-10% of patients with COPD, are associated with worsening dyspnea, health-related quality of life and
exercise capacity, and increased mortality risk.(48 A smaller subset of patients may present with combined pulmonary
fibrosis (usually in lower lobes) and emphysema in the upper zones, with lung function tests that indicate a marked
reduction in diffusing capacity but lung volumes within the normal range.(125%)

A careful examination of thoracic imaging, preferably chest HRCT, may help exclude the presence of ILAs or ILDs. Lung
function testing at diagnosis and sequential measurements help define disease progression. Patients with combined
COPD and ILD require a multidisciplinary approach, involving specialists in COPD, ILD, pathology and radiology.
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Although there are no specific trials of anti-fibrotic treatments in patients with COPD and ILDs, we recommend
intermittent follow-up, including assessment of DLco every 6-12 months to define disease progression. In this context,
patients with some emphysema (< 30%) and pulmonary fibrosis treated with antifibrotics have a lung function decline
similar to treated patients with pulmonary fibrosis without COPD. (1259

OSA is a sleep disorder hallmarked by repeated episodes of upper airway closure that affects 9-26% of the US adult
population.29) Both COPD and OSA frequently coexist, particularly in obese men and obese post-menopausal
women.(1261-1263)

Patients with both COPD and OSA have a worse prognosis compared with either condition alone.24 During sleep,
they experience more frequent episodes of oxygen desaturation and have more total sleep time with hypoxemia and
hypercapnia than patients who have OSA without COPD.!12%) Their apneic events involve more profound hypoxemia
and more cardiac arrhythmias,128) and they are more likely to develop daytime pulmonary hypértension267.1268) thgn
patients with just OSA or COPD alone.

If there is a clinical suspicion of OSA (e.g., obesity, snoring, daytime somnolence, hypéertension) a formal sleep study is
indicated.

For patients with COPD and OSA, a program should be implemented that_includes weight loss for obese patients,
reduced alcohol intake, and sleep hygiene interventions. CPAP or bi-level positive airway pressure should be initiated
in patients with COPD and sleep disordered breathing as it improves_health-related quality of life and decreases the
risk of death.® Further, in patients with COPD and OSA, CPAP has been reported to reduce all-cause hospitalizations,
emergency room visits, moderate and severe exacerbations and'associated healthcare costs.7621271) \Wejght reduction
medications, such as glucagon-like peptide receptor agonists could help in selected obese patients.12721273)

MENTAL CONDITIONS

W)

SN

Anxiety and depression are important and underdiagnosed morbidities in patients with COPD,327.1274-1276) gnd hoth are
associated with poor prognosis.(12/51277) The prevalence of anxiety alone and combined anxiety and depression is
similar in men and women'with COPD (all approximately 34%), whereas depression alone is more common in men
than women (61% versus 39%). Furthermore, younger age is associated with more severe symptoms of depression
and anxiety.(®8320.12161278) COPD js very common in patients with other psychiatric illnesses, particularly
schizophrenia,127%:1281) gnd people with COPD are twice as likely to commit suicide as those without COPD.(1282)

Untreated depression and anxiety are associated with social isolation, increased healthcare utilization, premature
mortality, and increased disease burden for patients and their caregivers. Depression, anxiety and psychosis (including
schizophrenia and substance abuse, both alcohol and drugs) are independently associated with elevated 30-day
readmission rates in patients with COPD, and are important determinants of death in younger patients with
COPD.(1281,1283-1286) pagple with severe mental illness tend to receive medical care intermittently, often with a lack of

continuity of care and infrequent use of primary and preventive services. Physical symptoms may be viewed as
“psychosomatic” leading to under-diagnosis. People with COPD and schizophrenia are less likely to receive adequate
general medical care, including investigation and treatment, in line with guidelines.(121

The Patient Health Questionnaire-2 for depression, with scores less than three suggesting no important
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depression,'280) and the Generalized Anxiety Disorder-2 for anxiety, with the same score threshold,2® can be used
as screening tools to detect clinically significant depression or anxiety.

COPD should be treated as usual in patients with psychological disorders. The potential impact of pulmonary
rehabilitation should be stressed as studies have found that physical exercise has a beneficial effect on depression in
general.128212%0) Combining pulmonary rehabilitation and cognitive behavioral therapy are effective in alleviating
anxiety and depressive symptoms.(1221.1292) Anti-depressant drug therapy needs to be managed with caution, and
patients with severe depression and suicidal ideation or attempts must be referred promptly for specialist treatment.

Cognitive impairment is common in people with COPD,!2%) with an estimated average prevalence of 32%,124)
although prevalence and severity vary by the type of assessment,(12% and extensive neuropsychological testing
suggests that up to 56% of patients with COPD may have cognitive impairment.\12%6.1297) | gngijtudinal studies suggest a
greater risk of developing cognitive impairment in patients with COPD that is diagnosed in-midlife,(122312%) and
associate COPD with the development of dementia.(122 |n a systematic review, age-matched patients with COPD had
a 24% increased risk of dementia and a 30% elevated risk of cognitive impairment compared to individuals without
COPD, with no differences by sex, although the risk of both increased with age.(3%)

Cognitive impairment has been associated with impairment in basic activities of daily living,1301.1392) and variably
associated with impaired health status.(13031304) The coexistence of cognitive impairment and COPD is associated with
an increased risk of hospitalization, longer hospital stay during acute exacerbation hospitalization, worse health-
related quality of life, and increased risk of death,(1301.1302,1305,1306)

Patients with cognitive impairment are more likely to make errors when using inhalers.3%) The relatively easy to use
Mini Mental State Examination can help screen for cognitive impairment, 39 with the Montreal Cognitive Assessment
test being a potential alternative.(13%®

Patients with COPD who have mild cognitive impairment should be enrolled in pulmonary rehabilitation programs with
or without cognitive training.(3% Addressifg potential underlying risk factors such as sleep deprivation, hypoxemia,
frequent exacerbations and atherosclerosis is important. Patients with dementia should be referred to mental
healthcare specialists for further neuropsychological assessment and treatment.

METABOLIC DISEASE

Studies have shown that metabolic syndrome and manifest diabetes are frequent in patients with COPD.“681310) Type
2 DM is present in approximately 20% of patients with COPD, increasing morbidity and mortality, and complicating
the management of both.(®'Y Type 2 DM is associated with a restrictive lung function profile, independent of race,
age, sex, country of origin, bodyweight, smoking history, or history of lung disease,13121313) g|though insulin resistance
is associated with an increased risk of COPD in women but not in men.3") When patients are treated with systemic
corticosteroids during exacerbations, hyperglycemia worsens, enhancing the risk of infection and prolonging the
duration of the episode. ICS, especially in high doses, are associated with worsening DM control and increased risk of
glaucoma and cataracts.(315)

Measurement of hemoglobin Alc and fasting blood glucose for patients who have not had these tests in more than a
year can help verify a diagnosis and monitor disease control. COPD should be treated as usual, although efforts should
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be made not to use systemic corticosteroids. If indicated, they should be used at the lowest possible dose for the
shortest possible time. The use of novel DM therapies such as glucagon-like peptide agonists and sodium-glucose
cotransporter-2 inhibitors are promising, but further trials in COPD specific populations are needed before clear
recommendations can be made.(1316.1317)

The relationship between weight and COPD outcomes is complex. Extensive data in multiple cohorts show that there

is increased mortality risk at BMI extremes,(1003.1318-1320) g\ch that values < 21 kg/m? or > 30 kg/m? contribute to a poor
prognosis. Obesity is associated with airflow limitation, increased symptoms such as dyspnea, and an elevated risk of
cardiovascular complications, although it appears protective for COPD progression and respiratory-related mortality.
Very obese patients with COPD are more likely to decompensate and require non-invasive or mechanical ventilation,
and have a higher tracheostomy rate and odds of being discharged on domiciliary oxygen.32) However, a low BMI
also carries a poor prognosis, being a phenotype of COPD with a higher mortality risk than patients of normal weight.
Thus, the most beneficial BMI for patients with COPD appears to be one that is within the ‘normal’ or ‘overweight’
categories.

BMI should be measured at all visits, and changes monitored over time. Optimization of BMI includes lifestyle
management implementing regular exercise, adequate nutrition to attain and maintain BMI 21-30 kg/m?. The recent
introduction of weight control medications with important beneficial systemic effects should be considered by
providers knowledgeable of their use.1322)

GERD is an independent risk factor for COPD exacerbations, and.is-associated with worse health status in patients with
COPD,#451323.1324) 3|though the mechanisms responsible for-the increased risk of exacerbations are not yet fully
established.

GERD should be minimized through weight loss (if.obese) and avoiding late-night meals or specific food and drink that
might aggravate reflux. In addition, a semi-recumbent sleeping posture may be helpful, and an empiric trial of a proton-
pump inhibitor may improve GERD symptoms’and decrease the risk of exacerbation,132% |n patients with severe reflux
and in whom conservative therapy has'failed, surgical fundoplication has been effective,(1326.1327)

NAFLD, also known as metabolic dysfunction-associated steatotic liver disease, affects 30-60% of patients with
COPD, 132 |inked through common risk factors (e.g., chronic inflammation, obesity, inactivity) or causal mechanisms
such as hypoxemia. It can be detected using low-dose chest CT,5221329 gnd although most cases are benign, 20-30%
can progress to MASH (metabolic dysfunction-associated steatohepatitis), which can in turn progress to liver cirrhosis
and hepatocellular carcinoma.339 Although NAFLD prevalence is slightly increased in patients with COPD it does not
seem to worsen the prognosis of COPD.1331)

Liver function testing and checking the CT for evidence of NAFLD can help establish the diagnosis. These patients
should be advised to lose weight, exercise regularly, control risk factors such as hyperglycemia, hypertension and
hypercholesterolemia, and avoid alcohol. Resmetirom, a thyroid hormone receptor B-agonist, has been approved in
some countries for the treatment of metabolic dysfunction-associated steatohepatitis,13321333) while glucagon-like
peptide-1 receptor agonists may also be of use in this disease.
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DISEASES WITH MULTIPLE ORGANS LOSS OF TISSUE

The term ‘multiple organs loss of tissue’ (MOLT) has been proposed for patients with emphysema, low BMI,
osteoporosis and sarcopenia.(133%) These characteristics frequently co-occur in patients with COPD, and are associated
with poor exercise capacity, compromised health-related quality of life, and an increased risk of exacerbations,
hospitalizations and mortality.

Osteoporosis is an important and common comorbidity in patients with COPD,#8%1125) which is often under-
diagnosed(339 and is associated with poor health status and prognosis. The prevalence may be as high as 30% in
women and 18% in men, with the prevalence increased by the presence of COPD.(33® Osteoporosis is often associated
with emphysema,®330) decreased BMI®33) and low fat-free mass.339) Low bone mineral density and fractures are
common in people with COPD even after adjustment for steroid use, age, pack-years of smoking;current smoking, and
exacerbations.(1340.1341) Systemic corticosteroids significantly increase the risk of osteoporosis;.and repeated courses
for COPD exacerbations should be avoided if possible. An association between ICS use and,fractures has been found
in pharmaco-epidemiological studies;(13*2 however, these studies have not fully<taken severity of COPD or
exacerbations and their treatment into consideration.

Clinically, chest CT scans can help identify individuals with low bone mineraldensity and muscle mass who should
undergo more detailed assessment. Dual energy X-ray absorptiometry:scanning can establish bone mineral density
with excellent precision.

COPD should be treated as usual despite the presence of ostéoporosis. Given the complicated landscape of anabolic
and antiresorptive agents for the treatment of osteoporosis; these patients should be managed by providers familiar
with the treatments or referred to an osteoporosis specialist. (1343

The prevalence of renal failure, defined as«GFR < 60 mL/min/1.73 m?, is three-times higher in patients with COPD than
in matched controls (approximately 7%\in patients aged < 65 years; 17-20% in those > 70 years).13441345) Bacguse
sarcopenia is frequent in patients with COPD, serum creatinine levels may be normal in patients with renal failure. Low
estimated GFR values are associated with decreased health-related quality of life and 6MWD, and increased
hospitalizations and mortality.424% Importantly, glomeruli number and size are decreased in patients with COPD, who
also frequently have microalbuminuria,(1347.1348)

Estimated GFR shouldbe measured, and the use of medication should be checked, since patients with COPD frequently
receive potentially nephrotoxic drugs, such as non-steroidal anti-inflammatory drugs, or treatments that are
eliminated via the kidney. Furthermore, many patients with COPD receive an ACE inhibitor, angiotensin Il receptor
blocker or B-blocker that can decrease erythropoietin production. With renal failure, it is important to adjust
medications that can injure the kidney or where renal elimination of the drugs may result in relevant side effects.(1349)

Anemia is frequent in people with COPD, with a reported prevalence of 7.5-34%.(1359 Those with combined COPD and
anemia are generally older, have more frequent cardiometabolic comorbidities, greater dyspnea, worse health-related
quality of life and airflow obstruction, reduced exercise capacity, an increased risk of severe exacerbations and higher
mortality than patients with COPD alone.(1350-1356)

Anemia due to chronic disease is the most common type seen in COPD, followed by iron deficiency anemia,1357.1358)
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mainly related to chronic systemic inflammation and impaired iron utilization. However, other possible reversible
factors should be investigated including use of long-term oxygen, theophylline, ACE inhibitors, angiotensin Il receptor

inhibitors, renal dysfunction, and androgens.135%-1367)

Although anemia has been established as an important comorbidity in COPD, optimal hemoglobin and hematocrit
levels in these patients have not yet been defined, and it is also unclear whether the correction of anemia alters
outcomes. However, hemoglobin assessment is advisable, particularly in more severely affected patients. If anemia is
diagnosed, a systematic search for a treatable cause is recommended in accordance with appropriate clinical
guidelines.

Smoking causes an increase in carboxyhemoglobin, thereby increasing red blood cell mass and the risk of secondary
polycythemia in patients with COPD.(1368.1369) |ndeed, secondary polycythemia has long been recognized as a common
comorbidity in COPD, with a reported prevalence of 6-10.2% in patients with COPD in an outpatients department
(when defined as hemoglobin > 17g/dL in males and > 15g/dL in females),1352.1354.1370) and 9,2% of men and 3.5% of

women in the COPDGene cohort.1371)

Male sex, current smoking, living at high altitude (e.g., Denver, Colorado, USA), impaired DLco, and severe hypoxemia
are associated with an increased risk for secondary polycythemia, whereas LTOT use is associated with a decreased
risk.(1871.1372) The coexistence of OSA is also associated with an increased) risk of polycythemia in patients with
COPD.1373)

Secondary polycythemia in COPD may be associated with PH,(1874.1875) yenous thromboembolism,!37® and increased
mortality.1378.1877) However, these findings should be interpreted with caution, since secondary polycythemia may be
related to the presence of severe uncorrected hypoxemia;which is a predictor of mortality in COPD, as well as to the
presence of concomitant interstitial lung disease or pulmonary vascular disease.

In patients with COPD, if secondary polycythemia is present a careful evaluation should be performed to determine
uncorrected hypoxemia or to rule out the ptesence of any comorbidities that require a specific intervention.

2w

POSTOPERATIVERISK OF COPD ON GENERAL AND
THORACIC SURGERY OUTCOMES

Postoperative pulmonary complications are as important and common as postoperative cardiac complications and,
consequently, are a key component of the increased risk posed by general surgery in patients with COPD.®%78 The key
factors that can contribute to the risk include smoking, poor general health status, age, obesity, and COPD severity. A
comprehensive definition of postoperative pulmonary complications should include only major pulmonary respiratory
complications, namely lung infections, atelectasis and/or increased airflow obstruction, which all potentially result in
acute respiratory failure and aggravation of COPD,(1014.1379,1380)

The risk of postoperative pulmonary complications in patients with COPD may vary with the severity of COPD, although
the surgical site is the most important predictor and risk increases as the incision approaches the diaphragm. 3% Most
reports conclude that epidural or spinal anesthesia have a lower risk than general anesthesia, although the results are
not totally uniform. Some studies conducted in patients undergoing sham bronchoscopic procedures have reported
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acute exacerbation rates as high as 8.4%.%™ These data suggest that intubation and/or simple airway manipulation
may increase the risk of exacerbation in select patients with COPD.

To prevent postoperative pulmonary complications, patients with COPD who are clinically symptomatic and/or have
limited exercise capacity should be treated medically intensively before surgery, with all the measures already well
established for such patients who are not about to have surgery. The presence of comorbid conditions, especially
cardiac abnormalities, should be systemically assessed and treated before any major surgical intervention.

Resection for lung cancer treatment

For lung resection, the individual patient’s risk factors should be identified by careful history taking including physical
examination, chest radiography, and pulmonary function tests. Although the value of pulmonary function tests
remains contentious, there is consensus that all COPD candidates for lung resection should undergo a complete
battery of tests, including spirometry with bronchodilator response, static lung volumes, diffusing capacity, and arterial
blood gases at rest.(1381.1382) patients with COPD who are at high risk for surgical complications due to poor lung function
should undergo further assessment, for example, tests of regional distribution of -perfusion and exercise
capacity.(1881.1382)

The risk of postoperative complications from lung resection appears to be increased in patients with decreased
predicted postoperative pulmonary function (FEV: or DLco < 30-40% predicted) or exercise capacity (peak VO
< 10 mL/kg/min or 35% predicted). The final decision to pursue surgery should be made after discussion with the
surgeon, pulmonary specialist, primary clinician, and the patient. Surgery.should be postponed if an exacerbation is
present.

OTHER CONSIDERATIONS

The association between COPD and periodontitis has been mainly reported in the dental literature, although whether
this reflects common causative factors such as age, smoking, and socioeconomic circumstances remains speculative.
Both conditions have a common (neutrophilic) relationship; whether this reflects cause or effect is difficult to
elucidate,283 although one study suggested a shared pathophysiology between periodontitis and COPD, with similar
aberrant neutrophil function, especially when associated with AATD.(1384)

The risk of developing-périodontitis is proportional to COPD control, with prevalence increasing with the number of
emergency department visits for COPD.1389 High antibody levels to common periodontal pathogens is associated with
fewer exacerbations of COPD.(29) |n a recent systematic review, low to moderate quality evidence suggests that
periodontal treatment is associated with slower lung function decline, reduced frequency of exacerbations, and less
healthcare resource use in patients with COPD and chronic periodontitis.(287 |n the absence of an effective curative
treatment for COPD it is difficult to prove the reverse is also true. Nevertheless, periodontitis is common in COPD, and
often requires treatment in its own right, which may lead to a reduction in exacerbations.

Patients with COPD may have low vitamin D levels due to reduced sunlight exposure (COPD symptoms keep patients
indoors) and poor dietary intake. In addition, long-term use of corticosteroids impairs vitamin D absorption and some
studies have shown that very low vitamin D levels are linked to increased risk of lung infections, which can trigger
exacerbations and worsen COPD.(1388) A meta-analysis of RCTs found that vitamin D supplementation significantly
reduced moderate/severe exacerbations in patients with very low baseline levels (< 25 nmol/L).®® Thus, consider
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checking for vitamin D deficiency in people with COPD, particularly if the patient has a history of frequent
exacerbations.

A useful grouping of testing that could be used to evaluate multimorbid patients with COPD is presented in Figures
5.5 and 5.6. Although not all need to be used in every patient, a systematic approach considering these tools could
help organize care in complex cases.133)

As expected, multimorbid patients have symptoms from multiple diseases and thus symptoms and signs are complex
and most often attributable to several causes in the chronic state as well as during acute events. GOLD does not aim
to turn the specialist into a generalist, but we propose that healthcare providers managing patients with COPD should
integrate clinical information to help maximize the interaction with the patient to the benefit.of.the latter. A proactive,
holistic rather than a siloed approach can decrease the fragmented care so prevalent indtoday’s healthcare systems.
Simple and practical clinical tools are available to most clinicians that help identify and'grade the severity of the most
important morbidities affecting individual patients, and that determine whether)the problem is being properly
addressed. If it is not, either treat it according to best practice or help direct the'patient to the appropriate specialist
care and resources to achieve optimal management. As a rule, there is no\evidence that COPD should be treated
differently when part of multimorbidity; however, it should be kept in mind that most evidence comes from trials in
people with COPD as the only significant disease.#’9

Finally, treatments should be kept simple in the light of the unbearable polypharmacy that these patients are often
exposed to. It is likely that a holistic approach in the management of patients with COPD might help reverse the effects
of different diseases on overall health, prevent exacerbations, improve health-related quality of life and hopefully
reduce hospitalizations and the risk of death.
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Potential Complementary Approach for the Detection of Frequent

Morbidities in all Patients with COPD - Initial Evaluation e
igure 5.

Initial Multimorbidity Evaluation Panel

¢ History & physical examination e PHQ-2
¢ Medications check e GAD-2
e Spirometry, chest X-ray, chest e MMSE
HRCT, lung volumes, DLco, SpO:
. MRCQ)
¢ Electrocardiogram .
— R
* NTproBNP @orth Sleepiness Scale
> STOP-BANG
-)\
/  Complete & differential blood count
e 6MWD e Glucose & HbA1c
e SARC-F * GFR
e DXA scan e Liver function tests

Abbreviations: HRCT, high-resolution computetized tomography; DLco, diffusing capacity for carbon monoxide; SpO.,
oxygen saturation; SARC-F, Strength, Assistance’walking, Rising from chair, Climbing stairs and Falls; DXA, dual energy X-ray
absorptiometry; mMRC, modified Medical'Research Council dyspnea scale; CAAT™, Chronic Airways Assessment Test; GFR,
glomerular filtration rate; NTproBNP, N=terminal prohormone of brain natriuretic peptide; 6MWD, 6-minute walking distance
test; HbAlc, glycated hemoglohirntAlc test; PHQ-2, Patient Health Questionnaire-2; GAD-2, Generalized Anxiety Disorder-2;
MMSE, Mini Mental State Examination.

Adapted from: Celli BR, Fabbri.LM,Yohannes AM, Hawkins NM, Criner GJ, Bon J, Humbert M, Jenkins CR, Pantoni L, Papi A, Quint JK, Sethi S, Stolz D, Agusti A,
Sin DD. A person-centred-elinical approach to the multimorbid patient with COPD. Eur J Intern Med. 2025 Aug 12:106424. doi: 10.1016/j.ejim.2025.07.020.
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Potential Complementary Approach for the Detection of Frequent

Morbidities in all Patients with COPD — Regular Follow-up

Figure 5.6

Regular Follow-up Multimorbidity Evaluation Panel
(yearly intervals or every 3-5 years)

Yearly Yearly
e History & physical examination e PHQ-2
e Medications check, spirometry, Every 3-5 years

chest HRCT (cancer screening), ¢ GAD-2
SpO:2

Every 3-5 years
e Lung volumes, DLco

o C
ATTM
Yearly 2—Every 3-5 years
e Electrocardiogram e Epworth Sleepiness Scale
e NTproBNP or STOP-BANG
/ \ Every 3-5 years

Yearly e Glucose & HbAlc

R OMND e Creatinine

Every 3-5 years . GFR

e DXA scan

Liver function tests

Abbreviations: HRCT, high-resolution computerized tomography; DLco, diffusing capacity for carbon monoxide; SpO-,
oxygen saturation; SARC-F, Strength, Assistance walking, Rising from chair, Climbing stairs and Falls; DXA, dual energy X-ray
absorptiometry; mMRC, modified Medical Research Council dyspnea scale; CAAT™, Chronic Airways Assessment Test; GFR,
glomerular filtration rate; NTproBNP, N-terminal prohormone of brain natriuretic peptide; 6MWD, 6-minute walking distance
test; HbAlc, glycated hemoglobin Alc test; Patient Health Questionnaire-2; GAD-2, Generalized Anxiety Disorder-2.

Adapted from: Celli BR, Fabbri LM, Yohannes AM, Hawkins NM, Criner GJ, Bon J, Humbert M, Jenkins CR, Pantoni L, Papi A, Quint JK, Sethi S, Stolz D, Agusti A,
Sin DD. A person-centred clinical approach to the multimorbid patient with COPD. Eur J Intern Med. 2025 Aug 12:106424. doi: 10.1016/j.ejim.2025.07.020.
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CHAPTER 6: ARTIFICIAL INTELLIGENCE AND EMERGING
TECHNOLOGIES IN COPD

KEY POINTS:

e Artificial intelligence can help in the diagnosis, assessment, clinical management, and
prediction of prognosis of COPD.

e Yet, Al comes with risks and limitations that need careful consideration before deployment in
clinical practice.

e Telehealth includes virtual, hybrid virtual and in-person care models.
e Telehealth may offer improved healthcare access, outcomes, and affordability.
e Pulmonary rehabilitation and self-management may be delivered virtually:

e Evidence is still emerging regarding the effectiveness of virtual.compared to in-person
delivery.

ARTIFICAL INTELLIGENCE IN COISIEJ)

The term artificial intelligence refers to a set of rules{algorithms) that enable computers to learn, analyze data and
make decisions based on that knowledge.(138913%) Figyre 6.1 shows a list of common “Al models” which differ in the
way they are trained and analyze data.®32) Al comes with risks and limitations that need careful consideration before
deployment in clinical practice (Figure 6.2).£13%2) Below we discuss briefly some areas where Al can be helpful in COPD
and we refer the interested reader to a recént manuscript that extends these concepts further.(13%)

Underdiagnosis, misdiagnosis.and late diagnosis are very prevalent in COPD.(3821394.13%) They are clinically relevant
because underdiagnosisimplies no treatment, misdiagnosis can lead to wrong treatment, and late diagnosis likely
supposes less effective. treatment. Al can help address these three domains.

Underdiagnosis

Al can potentially help identify individuals at risk in electronic health records, both in primary and specialized care.
This can also be done in the community, as shown in Canada.®®® There may even be the opportunity to identify
undiagnosed patients with COPD in lung cancer screening programs.386.13%) However, currently the quality and
interoperability of the data included in the EHR, together with the legal framework on data access and medical devices,
may limit its practical implementation.

Misdiagnosis

Al based interpretation strategies can reduce misdiagnosis by providing automated interpretations and diagnostic

suggestions.(1397-13%99) | ikewise, Al may be able to extract novel, hidden, high-dimensional features from the flow-
volume spirometry loops.(13%8.1400)
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Principal Al Models

Figure 6.1

Machine Learning (ML) Algorithms learn patterns from data without being explicitly
programmed

Supervised Learning Training a model with labelled data (input + known output)

Unsupervised Learning Training without labels to find hidden patterns or clusters

Reinforcement Learning (RL) Training by trial and error, guided by rewards or penalties

Deep Learning (DL) ML approach using neural networks with many layers to

automatically extract features

Neural Network (NN) A computational system inspired by the brain, made of
interconnected nodes (“neurons”),

Natural Language Processing (NLP) Al field focused on analyzing,and'generating human language
from medical text

Large Language Models (LLMs) Very large NLP models trained on massive text corpora for
versatile language tasks

Foundation Models Very large.models trained on diverse data that can be adapted
(fine-tuned) to many tasks

Generative Al Models that can create new data (text, images, molecules) based
on learned patterns

Late diagnosis

The diagnosis of COPD is oftén-established (if itis at all) in the 7*" decade. By then the disease is frequently far advanced
and less responsive to treatment.4% As discussed above, Al can facilitate earlier diagnosis by searching EHRs,(1402.1403)
Further, several studies’used Al to predict lung function trajectories and risk of COPD in individuals in the general
population requiring intervention.(1404.1405)

Al-assisted diagnostic alternatives to spirometry

There are several Al-assisted novel diagnostic alternatives to spirometry being explored in relatively small populations,
so they require validation in larger cohorts:(1406)

Analysis of respiratory sound attributes42?)

Analysis of voice features4%)

Oscillometry (FOT, 10S, AOS)1409

Motion sensors(1419

E-nose signals / volatile organic compounds (VOC)1411.1412)
Photoplethysmography413)
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Chest computed tomography (CT)(2%6.1414-1416)
Electrical Impedance Tomography (EIT)(414)

Potential Risks and Mitigation Strategies of Al in Medicine

Figure 6.2

Potential Risks Mitigation Strategies
Clinical Risks Misdiagnosis, overreliance Rigorous validation, human
on Al, biased outcomes oversight, bias testing
Data-Related Risks Poor data quality, biased Data cleaning, diverse datasets,
training data, privacy strong security protocols
breaches
Technical Limitations Black-box models, poor Use intérpretable models,
generalizability, data drift retraining, external validation
Ethical & Legal Risks Unclear accountability, Clear liability frameworks,
informed consent issues, transparent patient
inequity communication, equitable access
Operational Challenges Workflow integration User-centered design, regulatory
problems, regulatory alignment, ongoing monitoring
complexity, high and funding

maintenance costs

)

COPD is a heterogeneols disease, and clinical management can be improved if a personalized and precise approach
to care is used. Biomarkers can potentially be used to address this heterogeneity.

Imaging biomarkers

The use of Al imaging is the most developed Al platform currently utilized in COPD. Al can be used to quantify the
extent and the pattern of emphysema and to analyze fissure integrity, mucus plugs, bronchiectasis and/or pulmonary
vessels.1417) |ikewise, using Al-assisted analysis of nodules may avoid overuse of invasive procedures and a more
accurate and rapid classification of patients at risk of lung cancer.(141®)

Biologic biomarkers

Several studies used Al on omics data to identify biologic biomarkers of potential use in COPD.(141-1421) Mgst of them
require validation in large cohorts with longitudinal data(#2) put clearly pave the way for a better characterization of
COPD patients and, potentially, the identification of novel therapeutic targets.
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Multimodal models

Multimodal models that integrate biological and imaging data may offer better insights into COPD risk and progression.
Emerging foundation models (Figure 6.1) such as Merlin extends this concept further by integrating imaging and text
but also structured clinical and laboratory data.(14181423) Thijs highlights the potential of Al to address the complex,
multi-domain nature of COPD risk stratification and management.

The concept of evidence based medicine (EBM) has been widely adopted by the medical community since its proposal,
back in 1992.1424) As 3 result, a large number of evidence-based clinical practice guidelines are now available. Yet, to
be fully and appropriately implemented in clinical practice, any clinical practice guideline needs to be read, memorized
and applied wisely by the practicing physician. Many patients with chronic diseases, including COPD, often suffer from
other diseases.?® So, many different guidelines need to be considered in everyday practice.'33 This is an herculean
process where Al can be of great help, since algorithms could be embedded in current EHR systems to summarize the
current clinical status of the multimorbid patient who has been seen by different (often many)'sSpecialties and/or to
advise the practicing physicians of potential problems with the management of that patient (e.g., polypharmacy,
inappropriate treatment of a multimorbid disease, tests missing, vaccination needed<and others). As a side note, in
order to get Al collecting the appropriate information included in the EHRs, the use of acronyms (which often vary
between specialties and even between physicians) should be banned. An alternative, already in place in some
institutions, is that the conversation between the patient and the doctor is,continuously recorded (“keyboard zero”).
Then, Al can produce a summary of the visit (without acronyms) for the-doctor (and the patient using a user-friendly,
not technical language) that, after being approved by the attending physician, can be stored in the EHR and printed or
sent e.g., via e-mail, text message, SMS, WhatsApp etc) to the patient. As a side effect, this keyboard zero strategy is
likely to improve eye contact (and empathy) with the patient:Finally, given that guidelines are written by “human
consensus based on best available evidence by experts in the field”, they constitute an invaluable source of input data
for Al, and should continue to be produced by “human-expert consensus”.

When combined with wearable sensor techhologies, Al can also allow RPM by facilitating transmission of patient-
reported outcomes and physiological data-directly to healthcare professionals. Yet, there is still limited evidence that
RPM in COPD impacts on relevant clinical outcomes.1425 A key issue in this setting is how healthcare systems will be
able to efficiently review this data‘and respond to it.1428)

On the other hand, given-that inhaled therapy is a cornerstone of COPD treatment and that adherence and correct
inhalation is often poor, the potential of digital smart inhalers to improve adherence and inhaler technique is large 1425
1428) | jkewise, Al-supported home rehabilitation is a potential alternative when face to face programs are not
available.(429)

Finally, Al can be potentially used at the home of the patient. A chatbot is a computer program designed to simulate
conversation with human users, either through text or voice, to provide information, answer questions, or complete
tasks. If appropriately trained and validated, a chatbot in the home of the patient can potentially be the first interface
to contact the healthcare system439 and answer questions the patient may have about her/his health at home and
recommend specific actions, including automatically seeking healthcare, either remotely or in person.(431)

In a systematic review and meta-analysis Smith et al concluded that there is still limited evidence that conventional
machine learning and deep learning prognostic models demonstrate superior performance to pre-existing disease
severity scores in COPD patients.432) Likewise, Al can also help identifying patients at higher risk of exacerbations.421)
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Most of these studies require validation in large cohorts with longitudinal datat#22) but clearly pave the way for a

better assessment of risk in COPD patients.1433)

TELEHEALTH, REMOTE MONITORING AND FOLLOW-UP

The COVID-19 pandemic dramatically changed how outpatient care is delivered in healthcare practices. Telehealth
may offer a bridge to care, and now offers a chance to consider virtual and hybrid virtual/in-person care models, with
a goal of improved healthcare access, outcomes, and affordability.434) However, incorporation of virtual care into
ambulatory care should be based on evidence.

A Cochrane review35 on telehealth for remote monitoring and consultations for patients with COPD included three
main different models that have been studied in RCTs:(143%

Remote monitoring (linked to a healthcare professional) plus usual care versus, Usual care alone (as
reported by trialists).

Remote consultation (e.g., real-time contact with a health professional) plus-usual care versus usual care
alone (e.g., face-to- face visit for a check-up in a health service with a.health professional, or as reported
by trialists).

Remote monitoring or remote consultation versus usual care (e:g., where tele healthcare has replaced an
element of usual face-to-face care).

For most of the studies included in the review (24 RCTs) remote monitoring interventions required participants to
transfer measurements using a remote device for subsequent health professional review (asynchronous) as opposed
to only five RCTs that transferred data and allowed review by health professionals in real time (synchronous).43% The
results of this systematic review demonstrate the paucity of evidence of superiority of these models compared to
usual care, i.e., exacerbations, hospitalization, health-status and mortality. While there was no evidence of harm, it is
still unclear which COPD severity subgroups would benefit, or possibly be harmed, by telehealth interventions.
Telehealth interventions may be beneficial.astan additional health resource based on professional assessment, and
depending on individual needs, although.the long-term effects remain unknown.

Information is provided on how i) to'prepare for the remote visit; ii) to set up the visit agenda with the patient; and a
standardized checklist is provided for follow-up of patients with COPD, whether in-person, by phone or in a
virtual/online setting, in Appendix 2 at the end of the GOLD report.

The principles of good record keeping and clinical practice should always apply: i) treat patients with dignity; ii) respect
people’s right to privacy and confidentiality; iii) listen to the patient’s needs and act in their best interest; and iv) base
your recommendations on the best available evidence.

The process of triage should help decide: i) whether to offer an in-person as opposed to a remote (telephone or
virtual/online) consultation, and ii) who to prioritize.

Remote follow-up could be considered in the following situations:
e Patient or caregiver can understand the process and provide information clearly;
e Regular COPD follow-up or patient followed for a known condition;
e Medical records and laboratory test results are accessible to the healthcare professionals;
e Prescription and access to medication is possible and follow-up to the prescription can be arranged if
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necessary.

In-person follow-up should be prioritized in these situations:

Patient and caregiver have difficulty providing information;

Patient needs immediate attention due to the presence of severe medical symptoms;

Changes in patient’s symptoms require a differential diagnosis work-up with the need for a physical exam
and/or laboratory testing;

Patient treatment can only be given in person and cannot be given at home.

Prioritization of in-person visits should take into consideration disease severity (symptom burden and risk of

exacerbations), recent emergency department visit and/or hospital admission, associated significant comorbidities,

age, and/or living alone at home.

Ensure documentation of the whole visit (in writing) as you would normally do for an.in-person follow-up. The

documentation should reflect that this is a remote follow-up (telephone or virtual/online)-and should be specific about

how the information was obtained.

1. Startthe call by

a. Introducing yourself and, if necessary, any other healthcare'professional(s) who may be with you (e.g.,
case manager, student, resident, etc.);

b. Verifying who you are speaking with (patient name-and date of birth), and patient consent to receive
remote follow-up;

c. If applicable, informing patient that the speakerphone is on;

Welcome the patient to the call
a. Verify technical issues;
b. Ask the patient if (s)he can hear'you well;
c. Describe what to do if the«ceannection fails;

Explain that this is a remote visit and give the reason why;
Check if there are others listening to the conversation, and if patient consents to all those present;
Set the agenda (agree on elements to be discussed, time allotted, etc.);

Conduct the follow-up visit using the instructions below in the COPD Follow-up Checklist and remember to
keep the focus on the main issues raised by the patient;

End and summarize the visit
a. Askthe patient to summarize what the discussion and main issues have been, reinforce any action
plan or intervention you have agreed upon (if any homework);
b. Set up a date for follow-up;
c. Agree upon ending the meeting.

Be sure to read and understand the paragraph entitled Important Purpose & Liability Disclaimer 136




DELIVERY OF PULMONARY REHABILITATION: IN-PERSON
VERSUS VIRTUAL

The COVID-19 pandemic and resulting need for social distancing forced the healthcare system to implement remote
solutions and telehealth to ensure delivery of appropriate care. However, the use and acceptance of telehealth
solutions in the post-pandemic context is still being elucidated. To date the most studied telehealth modalitiesin COPD
are pulmonary rehabilitation and self-management interventions.

Pulmonary rehabilitation has the highest quality studies in the COPD-telehealth field with well-defined and reported
exercise training programs, and comparing telerehabilitation with usual care and/or center-based rehabilitation, which
was established as the gold-standard in a 2021 Cochrane review.®3) A clinical practice guideline reported that
telerehabilitation can achieve similar clinical outcomes as face-to-face, center-based pulmonary rehabilitation, and
recommended that adults with stable chronic respiratory disease, particularly COPD, should beoffered the choice of
a center-based pulmonary rehabilitation or telerehabilitation (strong recommendation, moderate quality
evidence).(Z39)

Key to the delivery of an effective pulmonary rehabilitation program, with demonstrated proven benefits for COPD, is
the inclusion of lower extremity endurance exercise training. For most people-telerehabilitation still involves a face-
to-face, center-based assessment to complete a comprehensive pre-rehabilitation evaluation. Telerehabilitation does
create a means to provide pulmonary rehabilitation services andjike center-based rehabilitation, it requires
appropriately trained staff and adequate infrastructure. However{ considering issues such as lack of trained medical
personnel, and the appeal of technology, there is a need to ensure that telehealth pulmonary rehabilitation is not
misused.

DELIVERY OF SELF-MANAGIéMENT: IN-PERSON VERSUS
VIRTUAL

A 2022 Cochrane review reported that\a self-management intervention both improved quality of life and reduced

L S

hospital admissions.1430) Tele-education and self-management using information communication technology could
have the potential to ease the warking life of health practitioners and transform the way patients are monitored, and
healthcare is delivered.

Despite the many advances in self-management, delivering self-management at a distance using digital technology
still raises many unanswered questions and important limitations. No studies to date have been designed to
demonstrate whether there is any additional benefit of telehealth-supported self-management compared to self-
management interventions not using information communication technologies. 48
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APPENDICES

APPENDIX 1 - ABBREVIATIONS

6MWD, 6-minute walking distance

AATD, a-1 antitrypsin deficiency

ABG, arterial blood gas

ACE, angiotensin converting enzyme

Al, artificial intelligence

ATS, American Thoracic Society

BAI, breath-actuated metered-dose inhaler

BD, bronchodilator

BMI, body mass index

BODE, Body mass index, Obstruction, Dyspnea, and
Exercise

BOLD, Burden of Obstructive Lung Diseases

CAT™, COPD Assessment Test

CAAT™, Chronic Airways Assessment Test

CAPTURE, COPD Assessment in Primary Care to
Identify Undiagnosed Respiratory Disease and
Exacerbation Risk

CCQS, Clinical COPD Questionnaire

CDC, US Centers for Disease Control

CDQ, COPD Diagnostic Questionnaire

Cl, confidence interval

CISNET, Cancer Intervention and Surveillance
Modeling Network

COPD, chronic obstructive pulmonary disease

COPD-PS, COPD Population Screener

COVID-19, coronavirus disease 2019

CPAP, continuous positive airway pressure

CRP, C-reactive protein

CRQ, Chronic Respiratory Quéstionnaire

CT, computed tomography

CVD, cardiovascular(disease

DALY, disability-adjusted life years

DLco, carbon monoxide diffusing capacity of the lungs

DM, diabetes mellitus

DNA, deoxyribonucleic acid

DPI, dry powder inhaler

ED, emergency department

EBV, endobronchial one-way valves

ECG, electrocardiogram

EHR, electronic health record

ELVR, endoscopic lung volume reduction

ERS, European Respiratory Society

ESC, European Society of Cardiology

EU, European Union

EVALI, e-cigarette or vaping product use-associated
lung injury

FDA, US Food and Drug Administration

FEV1, forced expiratory volume in 1 second

FiO,, fraction of inspired oxygen

FVC, forced vital capacity

GBD, Global Burden of Disease

GERD, gastroesophageal reflux disease

GETomics, gene(G)-environment(E) interactions
occurring over the lifetime(T) of the individual

GFR, glomerular filtration rate

GLI, Global Lung Initiative

GOLD, Global Initiative for Chronic Obstructive Lung
Disease

HADS, Hospital Anxiety and Depression Scale

HFNT; high-flow nasal therapy

HFpEF, heart failure with preserved ejection fraction

HICs, high-income countries

HIV, human immunodeficiency virus

HMICs, high- and middle-income countries

HRCT, high-resolution computed tomography

ICD, International Statistical Classification of Diseases
and Related Health Problems

ICS, inhaled corticosteroid

ICU, intensive care unit

ILA, interstitial lung abnormalities

ILD, interstitial lung disease

lg, immunoglobulin

IL, interleukin

IRR, incidence rate ratio

LABA, long-acting beta,-agonist

LABD, long-acting bronchodilator

LAMA, long-acting muscarinic antagonist

LAS, lung allocation severity

LDCT, low-dose computed tomography

LFQ, Lung Function Questionnaire

LICs, low-income countries

LLN, lower limit of normal

LMICs, low- and middle-income countries

LTOT, long-term oxygen therapy

LVRS, lung volume reduction surgery

MmMRC scale, modified Medical Research Council
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dyspnea scale

MOLT, multiple organ loss of tissue

mPAP, mean pulmonary arterial pressure

NAFLD, non-alcoholic fatty liver disease

NETT, National Emphysema Treatment Trial

NHLBI, National Heart, Lung, and Blood Institute

NIH, National Institutes of Health

NIV, noninvasive ventilation

NPPV, noninvasive positive pressure ventilation

NS, not statistically significant

OSA, obstructive sleep apnea

PaCO; partial pressure of carbon dioxide

PAD, peripheral artery disease

PAH, pulmonary arterial hypertension

PaO; partial pressure of oxygen

PCV, pneumococcal conjugate vaccine

PDE, phosphodiesterase

PEF, peak expiratory flow

PH, pulmonary hypertension

PLATINO, Project for the Investigation of Obstructive
Lung Disease

PM2.5 or PM10, particulate matter of 2.5 or 10 um or
less in diameter

pMDI, pressurized metered-dose inhaler

PPSV, pneumococcal polysaccharide vaccine

PRIME-MD, Primary Care Evaluation of Mental
Disorders

PRISm, preserved ratio impaired spirometry

PROs, patient reported outcomes

PUMA, PUMA COPD questionnaire

RCT, randomized controlled trial

RPM, remote patient monitoring

RSV, respiratory syncytial virus

SABA, short-acting beta,-agonist

SABD, short acting bronchodilator

Sa0;, oxygen saturation of arterial blood

SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2

SE, standard error

SGRQ, St. George’s Respiratory Questionnaire

SMI, soft mist inhaler

T2, type 2 (referring to inflammation)

TB, pulmonary tuberculosis

TDI, Translational Dyspnea Index

UK, United Kingdom

USPSTF, United States Preventative Service Task Force

US, United States of America

VAS, visual analog scale

Va/Q,ventilation-perfusion

VHC, valved holding chamber

WHO, World Health Organization
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APPENDIX 2 - COPD FOLLOW-UP CHECKLIST

In-person follow-up o Phone follow-up o Virtual/online follow-up o
IDate: |Diagnosis:
1. BASELINE SYMPTOMS — Breathlessness on a regular day: mMRC /4
Daily sputum production: 0 no 0 yes, color: Regular cough ono 0o yes
Recent change in symptoms 0 no oyes Maintenance medication and adherence:
If yes, since when:
o SABA o LABA+LAMA
o Sputum color: o Sputum volume 1 = | |2 LABA o LABA+ICS
0 Dyspnea 1 = | O Fatigue 1 = | o LAMA o LABA+LAMA+ICS
OOther:
oCough 1= | o Other Non pharmacological Rx:
o Signs of hypercapnia CAAT™: /40 02: CPAP: BIPAP :
2. AIRBORNE VIRUS - If patient is feeling unwell, check other symptoms: o Fever o.Sere throat 0 Anosmia O
Others

Contact with someone positive for airborne virus? ono oyes  Tested for airborne virus? gno-oyes Ifyes 0O positive O
egative

3. WRITTEN ACTION PLAN -noo  yeso

Instruction and any additional treatment:

Last time it has been used (date):

4. RECENT ADMISSIONS AND EMERGENCY VISITS Comments:

Hospital/ED Where Date Length Reason (Dx)

5. COPD Self-management (healthy behaviors) — Integrated (patient has used it in their daily life)?

Smoke-free environment yes“/no cannot tell
Medication adherence yes.”/ no cannot tell
Prevention/management of exacerbations \;yes no cannot tell
Breathing control yes no cannot tell
Stress management yes no cannot tell
Physical activity and exercise yes no cannot tell
Other yes  no

Comments and what patient should prioritize based on his/her needs:

6. MAIN ISSUES

1. 2. 3.

7. SUMMARY, INTERVENTIONS & PLAN
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1. Introduction
a. Identify dates, Dx and whether this follow-up is being done in-person, by phone or remotely.
2. Section 1 - Baseline symptoms
a. Go over the patient symptoms and whether there have been changes in dyspnea, cough, sputum
volume and color (from least to most purulent: mucus; mucopurulent; purulent).
b. Identify maintenance pharmacological and non-pharmacological treatment and whether the patient
is observing treatment as prescribed.
3. Section 2 — Airborne virus
a. Assess whether the patient has any symptoms of airborne virus infection and would need to be
tested. Have at hand local numbers where the patient can be referred to for testing and treatment.
b. If the patient has already been tested identify when the results will be obtained, or whether the
result was positive or negative. If positive, is there a follow-up test planned, and dates.
c. Verify patient is practicing precautions (face masks, hand washing, social distancing, or shielding if
necessary).
4. Section 3 —Action plan
a. Describe if the patient already has a written action plan. See example'of an action plan from the
Living well with COPD program.(434) Describe if the education forthis action plan has already been
done. Describe if the written action plan includes a prescription-to be self-administered at home or
whether the patient need to call his contact person / physician to obtain the prescription. Describe
when it was used the last time and if used appropriately.
5. Section 4 — Recent admissions and ED visits
a. Write down recent admissions and ED visits, dates and where they took place.
6. Section 5 - COPD self-management behaviors
a. Go over each of the self-management béhaviors described in the list. You should cover what is
pertinent to the patient treatable traits/(dyspnea and/or exacerbation). Describe whether the
patient has integrated these strategies in their daily life (yes), not at all (e.g., it has not been
discussed or not applicable), and whether the patient is unsure “cannot tell”.
7. Section 6 — Main issues
a. Identify with the patient\the main issues of the call. Up to a maximum of 3 items that can be covered
for the duration of.the*call. Avoid covering too many issues in one visit.
8. Section 7 — Summary, intervention and plan
a. Finalize by describing the interventions done during the remote visit, the ones to be put in place, and
agreed by the patient, the plan, including whether the patient needs to be referred to other services,
healthcare professionals, etc. and when the next follow-up will take place (describe whether will it
be in=person or remote).
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APPENDIX 3 — OVERVIEW OF THE EVIDENCE:
PHARMACOTHERAPY

Pharmacological treatments for smoking cessation include controller medications aimed at achieving long-term
abstinence (nicotine patch, bupropion, and varenicline) and those that rapidly relieve acute withdrawal symptoms
(short-acting nicotine).

Nicotine replacement products

Nicotine replacement therapy (nicotine gum, inhaler, nasal spray, transdermal patch, sublingual tablet, or lozenge)
reliably increases long-term smoking abstinence rates(®/1573575.1439.1440) g nd is significantly more effective than placebo.
Nicotine replacement therapy often causes irritation at the site through which it is administefed; and can cause non-
ischemic chest pain and palpitations, therefore medical contraindications to nicotine replacement therapy include
recent myocardial infarction or stroke.(5751441.1442) The contraindication to nicotine replacement therapy after acute
coronary syndrome remains unclear and the evidence suggests that this treatment can and should be started > 2
weeks after a cardiovascular event.!443) Continuous chewing of nicotine gum praduces secretions that are swallowed
rather than absorbed through the buccal mucosa resulting in little absorption‘and potentially causing nausea.

Vaping/E-cigarettes
There is a perception that vaping with electronic cigarettes (e-cigarettes, vapes) is safer than smoking and therefore
an effective nicotine replacement therapy for smoking cessation. The efficacy of vaping with regard to smoking

cessation remains controversial.(1444:1448) F_cjgarettes provide a vaporized and doseable method of nicotine inhalation
and have increased in usage as an alternative to cigarettes for those wishing to quit, but also as a rising trend in
younger individuals who have never smoked. E-cigarettes may contain not only nicotine but also other chemicals, such
as vegetable glycine, propylene glycol, various flavoring agents, volatile carbonyls, diacetyl, reactive oxygen species,
furones and metals. The long-term health effects in general smokers, but more importantly in high-risk populations
such as COPD, are largely unknown although preliminary evidence suggests that e-cigarette use could be associated
with COPD.(1449.1450)

What is known has been reported mainly as individual, or series’ of, case reports of the acute effects of e-cigarettes,
including vaping-associated<lung injury. Severe acute lung injury, eosinophilic pneumonia, alveolar hemorrhage,
respiratory bronchiolitissand other forms of lung abnormalities have been reportedly linked to e-cigarette use, and

occasionally death.@5™1454) A review of studies on the pulmonary effects of e-cigarettes reported that e-cigarette
aerosol is cytotoxic to pulmonary cells, induces acute and chronic inflammation, impairs immune responses against
viral and bacterial pathogens, impairs mucociliary clearance, induces oxidative stress, causes DNA damage and
increases airway hyperresponsiveness in vitro and in vivo. Adding nicotine to the e-liquid increased mucociliary

dysfunction, oxidative stress, emphysema and airway hyperreactivity.4%)

The CDC and FDA investigated an outbreak of EVALI. Laboratory data showed that vitamin E acetate, an additive in
some THC-containing e-cigarettes, was strongly linked to the EVALI outbreak."%) Following the identification of
vitamin E acetate as a primary cause of EVALI there was a decline in new cases.

Neutrophilic inflammation of the airways, airways irritability, ciliary paresis and increased mucus hypersecretion are
seen in animal models and in vitro human airway studies and are similar to changes induced by cigarette smoke and
recognized features of COPD.1457:1461) These data are summarized in a review by Gotts and colleagues, 1462 although it
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is likely to be many years before the long-term risks of vaping, including risks of cancer, are clarified, particularly in

people with COPD and/or whether vaping is an independent risk factor for developing COPD.1451:14%4) |n 3 |arge
prospective cohort study, an increased risk of respiratory disease among former and current e-cigarette users was
observed even when adjusted for cigarette and other combustible tobacco product use, demographic characteristics,
and chronic health conditions.1483) There is additional evidence that in older adults at risk of or with COPD, e-cigarette
users have greater nicotine dependence, poorer lung-related health outcomes (more chronic bronchitis and
exacerbations), and are less likely to reduce or quit smoking conventional cigarettes.(464)

A meta-analysis of five RCTs has suggested that e-cigarettes are superior to nicotine replacement therapy for achieving
6 months continuous abstinence from smoking tobacco.(146%) Nevertheless, based on the available evidence and the
lack of knowledge about the long-term effects of e-cigarettes on respiratory health, it is not possible to recommend
this intervention for smoking cessation in patients with COPD. (1469

Pharmacological products

Results of a meta-analysis comparing simple controller pharmacotherapy (nicotine replacement therapy, bupropion,
nortriptyline and varenicline) with placebo in smokers with COPD showed that all pharmacotherapy groups (except
nortriptyline) increased the chances of smoking cessation compared with placebo.®%Prolonged abstinence rates in
the pharmacotherapy groups ranged from 14% to 27%, and in the placebo group from 5% to 9%. (565

A study in patients with COPD showed higher continuous abstinence ratesduring weeks 9 to 24 with varenicline
(58.3%) and bupropion (55.6%) compared with nicotine patch (38.2%).460) varenicline and bupropion showed similar
efficacy, however, the group receiving varenicline compared with bupropion smoked more cigarettes per day. 1460

Pharmacotherapy for COPD is currently focused on symptoms and exacerbations. FEV1 decline has been considered a
surrogate for the natural course of the disease. In\this context, studies have been performed to evaluate if
pharmacotherapy may have an impact on the _change of FEV1 over time. Individual clinical trials have not been
sufficiently conclusive to show that pharmacotherapy can reduce the rate of FEV1 decline.(@31.1468:1471) However, a
systematic review combining data from nine’studies demonstrated a reduction in the rate of FEV1 decline of 5.0
ml/year in active treatment arms «compared with placebo arms.(472 The difference between long-acting
bronchodilator containing treatment arms and placebo arms was 4.9 mL/year. The difference between ICS containing
treatment arms and placebo arms was 7.3 mL/year. Although we need to be aware of the potential benefit of
pharmacotherapy in reducingthe rate of lung function decline, further research is needed to know which patients are
likely to benefit.

The classes of medications commonly used to treat COPD are shown in Figure A3.1. The choice within each class
depends on the availability and cost of medication, and the clinical response balanced against side effects. Each
treatment regimen needs to be individualized as the relationship between severity of symptoms, airflow obstruction,
and severity of exacerbations can differ between patients. The WHO has defined a minimum set of interventions for
the management of stable COPD in primary care.®2

Bronchodilators are medications that increase FEV1 and/or change other spirometric variables (Figure A3.2). They act
by altering airway smooth muscle tone, and the improvements in expiratory flow reflect widening of the airways rather
than changes in lung elastic recoil. Bronchodilators tend to reduce dynamic hyperinflation at rest and during
exercise, 14731474 and improve exercise performance. The extent of these changes, especially in patients with severe
and very severe COPD, is not easy to predict from the improvement in FEV1 measured at rest.(14751476)
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Bronchodilator dose-response (FEV1 change) curves are relatively flat with all classes of bronchodilators. (1477-1483)
Increasing the dose of either a beta,-agonist or an anticholinergic by an order of magnitude, especially when given by
a nebulizer, appears to provide subjective benefit in acute episodes™8) but is not necessarily helpful in stable
disease.(#89) Bronchodilator medications in COPD are most often given on a regular basis to prevent or reduce
symptoms. Toxicity is also dose-related (Figure A3.1). Use of short-acting bronchodilators on a regular basis is not
generally recommended.

Beta>-agonists

The principal action of beta,-agonists is to relax airway smooth muscle by stimulating beta,-adrenergic receptors,
which increases cyclic AMP and produces functional antagonism to bronchoconstriction. There are short-acting (SABA)
and long-acting (LABA) beta,-agonists. The effect of SABAs usually wears off within 4 to 6 hours.4721480) Reguylar and
as-needed use of SABAs improve FEV1 and symptoms.1489) | ABAs show duration of action of 12 or more hours and do
not preclude additional benefit from as-needed SABA therapy.1480)

Formoterol and salmeterol are twice-daily LABAs that significantly improve FEV1 and lung volumes, dyspnea, health
status, exacerbation rate and number of hospitalizations,1488) but have no effect on mortality or rate of decline of lung
function. Indacaterol is a once daily LABA that improves breathlessness,(1482149) heg|th status(4?Y) and exacerbation
rate.%) Some patients experience cough following the inhalation of indacaterol. Olodaterol and vilanterol are
additional once daily LABAs that improve lung function and symptoms,(1491,1492)

Adverse effects

Stimulation of beta,-adrenergic receptors can produce resting sinus tachycardia and has the potential to precipitate
cardiac rhythm disturbances in susceptible patients. Exaggerated’somatic tremor is troublesome in some older
patients treated with higher doses of beta,-agonists, regardless of route of administration. Although hypokalemia can
occur, especially when treatment is combined with thiazide diuretics, 4% and oxygen consumption can be increased
under resting conditions in patients with chronic heart failure,14%) these metabolic effects decrease over time (i.e.,
show tachyphylaxis). Mild falls in PaO, can occur. after administration of both SABAs and LABAs4%) but the clinical
significance of these changes is uncertain. Despite prior concerns related to the use of beta;-agonists in the
management of asthma, no association between beta,-agonist use and loss of lung function or increased mortality has
been reported in COPD.(1488.1496,1497)

Antimuscarinic drugs

Antimuscarinic drugs block the bronchoconstrictor effects of acetylcholine on M3 muscarinic receptors expressed in
airway smooth muscle.4%) SAMAs, namely ipratropium and oxitropium, also block the inhibitory neuronal receptor
M2, which potentially can cause vagally induced bronchoconstriction.(4%9 LAMAs, such as tiotropium, aclidinium,
glycopyrronium bromide (also known as glycopyrrolate), umeclidinium and revefenacin, have prolonged binding to
M3 muscarinic receptors, with faster dissociation from M2 muscarinic receptors, thus prolonging the duration of
bronchodilator effect.(14%)

A systematic review of RCTs concluded that ipratropium, a short acting muscarinic antagonist, alone provided small
benefits over short-acting beta,-agonist in terms of lung function, health status and requirement for oral steroids. 1520
Among LAMAs, some are administered once a day (tiotropium, umeclidinium, revefenacin), others twice a day
(aclidinium), and some are approved for once daily dosing in some countries and twice daily dosing in others
(glycopyrrolate). (14281500 | AMA treatments improve symptoms, including cough and sputum and health
status.(1498.1502.1503) They also improve the effectiveness of pulmonary rehabilitation(15%4150%) and reduce exacerbations
and related hospitalizations.%%) Clinical trials have shown a greater effect on exacerbation rates for LAMA treatment
(tiotropium) versus LABA treatment.(1506.1507)
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Maintenance Medications in COPD*

Figure A3.1

Generic Drug Name Inhaler Type Nebulizer Oral/Injectable Delivery Duration of Action

BETA;-Agonists
Short-acting (SABA)

Fenoterol MDI v tablet, solution variable
Levalbuterol MDI v variable
Salbutamol (albuterol) MDI, DPI v syrup, tablet variable
Terbutaline DPI tablet variable
Long-acting (LABA)
Arformoterol v 12 hours
Formoterol DPI v 12 hours
Indacaterol DPI 24 hours
Olodaterol SMI 24 hours
Salmeterol MDI, DPI 12 hours
Anticholinergics
Short-acting (SAMA) Vv
Ipratropium bromide MDI v ? 6-8 hours
Oxitropium bromide MDI v \ 7-9 hours
Long-acting (LAMA) 1({*‘
Aclidinium bromide DPI 12 hours
Glycopyrronium bromide DPI v solution variable
Tiotropium DPI, SMI, MDI 24 hours
Umeclidinium DPI 24 hours
Revefenacin v 24 hours
e (SABA+SAMA)
Fenoterol/ipratropium SMI v 6-8 hours
Salbutamol/ipratropium SMI, MDI v variable
Combination Long-Acting Beta,-Agonist Plus Anticholinergic in One Device {LABA+LAMA)
Formoterol/aclidinium DPI 12 hours
Formoterol/glycopyrronium MDI 12 hours
Indacaterol/glycopyrronium DPI 12-24 hours
Vilanterol/umeclidinium DPI 24 hours
Olodaterol/tiotropium SMI 24 hours
Aminophylline solution, injectable variable
Theophylline (SR) tablet, capsule, elixir, solution, variable
injectable
Combination of Long-Acting Beta,-Agonist Plus Corticosteroid in One Device (LABA+ICS)
Formoterol/beclometasone MDI, DPI 12 hours
Formoterol/budesonide MDI, DPI 12 hours
Formoterol/mometasone MDI 12 hours
Salmeterol/fluticasone propionaté MDI, DPI 12 hours
Vilanterol/fluticasone furoate DPI 24 hours
Fluticasone/umeclidipiumyvilanterol DPI 24 hours
Beclometasone/formoterol/glycopyrronium MDI, DPI 12 hours
Budesonide/formoterol/glycopyrrolate MDI 12 hours
Roflumilast tablet 24 hours
Ensifentrine v 12 hours
Erdosteine capsule, suspension 12 hours
Carbocysteinet capsule, packet, solution, 6-8 hours
syrup
N-acetylcysteinet v solution, tablet 2-6 hours
Dupilumab injectable 2 weeks
Mepolizumab injectable 4 weeks

*This list is not exhaustive. Not all formulations are available in all countries. In some countries other formulations and dosages may be available. TDosing regimens are under
discussion. MDI = metered dose inhaler; DPI = dry powder inhaler; SMI = soft mist inhaler. Note that glycopyrrolate & glycopyrronium are the same compound.
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Bronchodilators in Stable COPD

Figure A3.2

Inhaled bronchodilators in COPD are central to symptom management and commonly given on a
regular basis to prevent or reduce symptoms (Evidence A)

Inhaled bronchodilators are recommended over oral bronchodilators (Evidence A)
Regular and as-needed use of SABA or SAMA improves FEV1 and symptoms (Evidence A)

Combinations of SABA and SAMA are superior compared to either medication alone in improving
FEV1 and symptoms (Evidence A)

LABAs and LAMAs are preferred over short-acting agents except for patients with only occasional
dyspnea (Evidence A), and for immediate relief of symptoms in patients already on long-acting
bronchodilators for maintenance therapy

LABAs and LAMA s significantly improve lung function, dyspnea, health status, and reduce
exacerbation rates (Evidence A)

LAMAs have a greater effect on exacerbation reduction compared with LABAs(Evidence A) and
decrease hospitalizations (Evidence B)

When initiating treatment with long acting bronchodilators the preférred choice is a combination
of a LABA and a LAMA. In patients with persistent dyspnea on a single long-acting bronchodilator
treatment should be escalated to two (Evidence A).

Combination treatment with a LABA and a LAMA increases\EEV1 and reduces symptoms compared
to monotherapy (Evidence A)

Combination treatment with a LABA+LAMA reduces-exacerbations compared to monotherapy
(Evidence B)

Combinations can be given as single inhaler or multiple inhaler treatment. Single inhaler therapy
may be more convenient and effective than multiple inhalers

Ensifentrine significantly improves lung function (Evidence A), dyspnea (Evidence A) and health
status (Evidence B)

Theophylline exerts a small'bronchodilator effect in stable COPD (Evidence A) and that is associated
with modest symptomatic benefits (Evidence B)

Adverse effects

Inhaled anticholinergic drugs are poorly absorbed which limits the troublesome systemic effects observed with
atropine.1498.1508) Extensive use of this class of agents in a wide range of doses and clinical settings has shown them to
be very safe. The main side effect is dryness of mouth.(1429.1509) Although occasional urinary symptoms have been
reported, there are no data to prove a true causal relationship.(%19 Some patients using ipratropium report a bitter,
metallic taste. An unexpected small increase in cardiovascular events in those patients with COPD regularly treated
with ipratropium bromide has been reported.!5111512) |n 3 |arge, long-term clinical trial in patients with COPD,
tiotropium added to other standard therapies had no effect on cardiovascular risk.© Although there were some
initial concerns regarding the safety of tiotropium delivery via the Respimat® inhaler,®12 the findings of a large trial
observed no difference in mortality or exacerbation rates when comparing tiotropium in a dry-powder inhaler and the
Respimat® inhaler.('”® There are less safety data available for the other LAMAs, but the rate of anti-cholinergic side
effects for drugs in this class appears to be low and generally similar. Use of solutions with a facemask can precipitate
acute glaucoma, probably as a direct result of the contact between the solution and the eye.(1514-1516)
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Controversy remains about the exact effects of xanthine derivatives. They may act as non-selective phosphodiesterase
inhibitors, but have also been reported to have a range of non-bronchodilator actions, the significance of which is

disputed.(817-1519) Data on duration of action for conventional, or even slow-release, xanthine preparations are lacking
in COPD.

Theophylline, the most commonly used methylxanthine, is metabolized by cytochrome P450 mixed function oxidases.
Clearance of the drug declines with age. Many other physiological variables and drugs modify theophylline
metabolism. Enhanced inspiratory muscle function has been reported in patients treated with methylxanthines, 1519
but whether this reflects a reduction in gas trapping or a primary effect on the respiratory skeletal muscles is not clear.
All studies that have shown efficacy of theophylline in COPD were performed with sustained-release preparations.

There is evidence for a modest bronchodilator effect compared with placebo in stable COPD.(529 Addition of
theophylline to salmeterol produces a greater improvement in FEV1 and breathlessness than salmeterol alone. (1521.1522)
Earlier studies reported contradictory evidence regarding the effect of low-dose theophylline on exacerbation
rates.(1523.1524) A stydy that investigated the effectiveness of adding low-dose theophyllineto ICS in patients with COPD
who were at increased risk of exacerbation showed no difference compared with-placebo in the number of COPD
exacerbations over a one-year period.525 A |arge placebo-controlled trial in patients with COPD who had moderate
to very severe airflow obstruction (FEV1 < 70%) showed no effect of oral théophylline alone or in combination with
prednisolone 5 mg daily on exacerbations of COPD.1528)

Adverse effects

Toxicity is dose-related, which is a particular problem with xanthine derivatives because their therapeutic ratio is small
and most of the benefit occurs only when near-toxic doses are given.(15181520) Nethylxanthines are non-specific
inhibitors of all phosphodiesterase enzyme subsets, which-explains their wide range of toxic effects. Problems include
atrial and ventricular arrhythmias (which can prove fatal) and grand mal convulsions (which can occur irrespective of
prior epileptic history). Other side effects include-headaches, insomnia, nausea, and heartburn, and these may occur
within the therapeutic range of serum levels/of theophylline. These medications have significant interactions with
commonly used medications such as erythromycin (but not azithromycin), certain quinolone antibiotics (ciprofloxacin,
but not ofloxacin), allopurinol, cimetidine (but not ranitidine), serotonin uptake inhibitors (fluvoxamine) and the 5-
lipoxygenase inhibitor zileuton.

ads

Combining bronchoditators with different mechanisms and durations of action may increase the degree of
bronchodilation with_a lower risk of side-effects compared to increasing the dose of a single bronchodilator,(1522.1528)
Combinations of SABAs and SAMAs are superior compared to either medication alone in improving FEV1 and
symptoms.529) Treatment with formoterol and tiotropium in separate inhalers has a bigger impact on FEV1 than either
component alone.(339 There are numerous combinations of a LABA and LAMA in a single inhaler available (Figure
A3.1). These combinations improve lung function compared to placebo;1520 this improvement is consistently greater
than long-acting bronchodilator monotherapy effects although the magnitude of improvement is less than the fully
additive effect predicted by the individual component responses.(33 Single inhalers improve adherence to
treatment532) and are more cost-effective.533) |n studies where PROs are the primary endpoint or in pooled analyses,

combination bronchodilators have a greater impact on PROs compared to monotherapies.5341537) |n one clinical trial,
combination LABA+LAMA treatment had the greatest improvement in quality of life compared to placebo or its
individual bronchodilator components in patients with a greater baseline symptom burden. %) A clinical trial showed
that LABA+LAMA improved lung function and symptoms versus long-acting bronchodilator monotherapy in
symptomatic patients with low exacerbation risk and not receiving inhaled corticosteroids.®?) The LABA+LAMA
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combination demonstrated favorable improvements compared with the monotherapies for the majority of outcomes
irrespective of baseline health-related quality of life.(1539 These clinical trials deal with group mean data, but symptom
responses to LABA+LAMA combinations are best evaluated on an individual patient basis. A lower dose, twice daily
regimen for a LABA+LAMA has also been shown to improve symptoms and health status in patients with COPD (1549)
(Figure A3.2). These findings have been shown in people across different ethnic groups (Asian as well as
European).t®

Most studies with LABA+LAMA combinations have been performed in patients with a low rate of exacerbations. One
study in patients with a history of exacerbations indicated that a combination of long-acting bronchodilators is more
effective than long-acting bronchodilator monotherapy for preventing exacerbations.(®2 Another large study found
that combining a LABA with a LAMA did not reduce exacerbation rate as much as expected compared with a LAMA
alone.(®%3) Another study in patients with a history of exacerbations showed that a combination LABA+LAMA
decreased exacerbations to a greater extent than an LABA+ICS combination.!®4 However, another study in a
population with high exacerbation risk (> 2 exacerbations and/or 1 hospitalization in the previous year) reported that
LABA+ICS decreased exacerbations to a greater extent than a LABA+LAMA combination at-higher blood eosinophil
concentrations.®8?) A |arge observational pharmaco-epidemiological study found similar effectiveness of LABA+LAMA
and LABA+ICS but a significantly higher risk of pneumonia in those treated with LABA+ICS. (1545

To date, exacerbations (e.g., exacerbation rate, patients with at least one.exacerbation, time-to-first exacerbation)
represent the main clinically relevant endpoint used for efficacy assessment of drugs with anti-inflammatory effects
(Figure A3.3).

General considerations

In vitro evidence suggests that COPD-associated inflammation has limited responsiveness to corticosteroids.
Moreover, some drugs including betas-agonists,~theophylline or macrolides may partially facilitate corticosteroid
sensitivity in COPD.(1546.1547) The clinical relevanice of this effect has not yet been fully established.

In vivo data suggest that the dose-response relationships and long-term (> 3 years) safety of ICS in people with COPD
are unclear and require further investigation.®4 Because the effects of ICS in COPD can be modulated by the
concomitant use of long-acting bronchodilators, these two therapeutic options are discussed separately.

Both current and ex-smokers with COPD benefit from ICS use in terms of lung function and exacerbation rates,
although the magnitude of the effect is lower in heavy or current smokers compared to light or ex-smokers.467.1548)

Efficacy of ICS (alone)

Most studies have found that regular treatment with ICS alone does not modify the long-term decline of FEV1 nor
mortality in people with COPD.(%49 Studies and meta-analyses assessing the effect of regular treatment with ICS alone
on mortality in people with COPD have not provided conclusive evidence of benefit.(1%9 |n the TORCH trial, a trend
toward higher mortality was observed for patients treated with fluticasone propionate alone compared to those
receiving placebo or salmeterol plus fluticasone propionate combination.”® However, an increase in mortality was
not observed in patients with COPD who were treated with fluticasone furoate in the SUMMIT trial. 181 |n patients
with COPD who had moderate airflow obstruction, fluticasone furoate alone or in combination with vilanterol was
associated with slower decline in FEV1 compared with placebo or vilanterol alone by on average 9 mL/year.1%50 A
number of studies have investigated whether there is a relationship between ICS treatment and risk of lung cancer
with conflicting results.(1%59
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Figure A3.3

Regular treatment with ICS increases the risk of pneumonia especially in those with severe disease
(Evidence A)

An ICS combined with a LABA is more effective than the individual components in improving lung
function and health status and reducing exacerbations in patients with exacerbations and moderate to
very severe COPD (Evidence A)

We do not encourage the use of a LABA+ICS combination in COPD. If there is an indication for an ICS the
combination LABA+LAMA+ICS has been shown to be superior to LABA+ICS and is therefore the preferred
choice

Triple inhaled therapy of LABA+LAMA+ICS improves lung function, symptoms and health status, and
reduces exacerbations, compared to LABA+ICS, LABA+LAMA or LAMA monotherapy (Evidence A). Recent
data suggesta beneficial effect of triple inhaled therapy versus fixed-dose LABA+LAMA combinations on
mortality in symptomatic COPD patients with a history of frequent and/or severe exacerbations

If patients with COPD have features of asthma, treatment should always contain an ICS

Independent of ICS use, there is evidence that a blood eosinophil count < 2% increases the risk of
pneumonia (Evidence C)

Combinations can be given as single or multiple inhaler therapy. Single inhaler therapy may be more
convenient and effective than multiple inhalers

Long-term use of oral glucocorticoids has numerous side effects (Evidence A) with no evidence of
benefits (Evidence C)

In patients with chronic bronchitis, severe to-very severe COPD and a history of exacerbations:
Roflumilast improves lung function and reduces moderate and severe exacerbations (Evidence A)

Ensifentrine improves lung function (Evidence A) but an effect on exacerbations has not been evaluated
in patients at increased exacerbation risk

Long-term azithromycin and erythromycin therapy reduces exacerbations over one year (Evidence A)

Preferentially, but not only.in former smokers with exacerbations despite appropriate therapy,
azithromycin can be'cansidered (Evidence B)

Treatment with(azithromycin is associated with an increased incidence of bacterial resistance (Evidence
A) and hearingtest impairments (Evidence B)

»

Regular treatment with mucolytics such as erdosteine, carbocysteine and N-acetylcysteine reduces the
risk of exacerbations in select populations (Evidence B)

Antioxidant mucolytics are recommended only in selected patients (Evidence A)

In patients with moderate to severe COPD with a history of exacerbations despite triple therapy and
higher blood eosinophils (= 300 cells/pL):

Dupilumab reduces exacerbations, improves lung function and quality of life in patients with chronic
bronchitis (Evidence A)

Mepolizumab reduces exacerbations in patients with and without chronic bronchitis (Evidence A)

Statin therapy is not recommended for prevention of exacerbations (Evidence A)

Simvastatin does not prevent exacerbations in COPD patients at increased risk of exacerbations and
without indications for statin therapy (Evidence A). However, observational studies suggest that statins
may have positive effects on some outcomes in patients with COPD who receive them for cardiovascular
and metabolic indications (Evidence C)

Leukotriene modifiers have not been tested adequately in COPD patients
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ICS in combination with long-acting beta>-agonist (LABA+ICS)

In patients with COPD who have moderate to very severe airflow obstruction and a history of exacerbations, an ICS
combined with a LABA is more effective than either component alone in improving lung function, health status and
reducing exacerbations.(18521559) (linjcal trials powered on all-cause mortality as the primary outcome failed to
demonstrate a statistically significant effect of LABA+ICS combination therapy on survival.(720.1181)

Blood eosinophil count

A number of studies have shown that blood eosinophil counts predict the magnitude of the effect of ICS (added on
top of regular maintenance bronchodilator treatment) in preventing future exacerbations.“2467) There is a continuous
relationship between blood eosinophil counts and ICS effects; no and/or small effects are observed at lower eosinophil
counts, with incrementally increasing effects observed at higher eosinophil counts.“%) Data modeling indicates that
ICS containing regimens have little or no effect at a blood eosinophil count < 100 cells/uL,“82 therefore, this threshold
can be used to identify patients with a low likelihood of treatment benefit with ICS. In addition, lower blood and
sputum eosinophils are associated with greater presence of proteobacteria,@227.1854) hotably haemophilus, and
increased bacterial infections and pneumonia.!%%® Lower blood eosinophil counts therefore may identify individuals
with microbiome profiles associated with increased risk of clinical worsening due to-pathogenic bacterial species. The
threshold of a blood eosinophil count > 300 cells/uL identifies the top ofythe continuous relationship between
eosinophils and ICS, and can be used to identify patients with the greatest likelihood of treatment benefit with ICS.

Sources of evidence include: 1) post-hoc analyses comparing LABA+ICS versus LABA;#62463.465) 9) hre_specified analyses
comparing triple therapy versus LABA+LAMA or LAMA,;#64.466467) 3nd 3) other analyses comparing LABA+ICS versus
LABA+LAMAU5%) or studying ICS withdrawal.(692:693.1557)

The treatment effect of ICS containing regimens (LABA+LAMA+ICS and LABA+ICS vs LABA+LAMA) is higher in patients
with high exacerbation risk (> 2 exacerbations and./ or 1 hospitalization in the previous year).#64467.1544) Thys, the use
of blood eosinophil counts to predict ICS effects.should always be combined with clinical assessment of exacerbation
risk (as indicated by the previous history,of exacerbations). Other factors (smoking status, ethnicity, geographical
location) could influence the relationship-between ICS effect and blood eosinophil count but remains to be further
explored.

Factors to consider when initiating ICS treatment in combination with long-acting bronchodilators are shown in Figure
3.10.65%)

Adverse effects

There is high quality evidence from RCTs that ICS use modifies the airway microbiome5%8) and is associated with higher
prevalence of oral candidiasis, hoarse voice, skin bruising and pneumonia. %9 This excess risk has been confirmed in
ICS studies using fluticasone furoate, even at low doses.(1%59) patients at higher risk of pneumonia include those who
currently smoke, are aged > 55 years, have a history of prior exacerbations or pneumonia, a BMI < 25 kg/m?, a poor
mMRC dyspnea grade and/or severe airflow obstruction.(1%60.1561) ndependent of ICS use, there is evidence that a blood
eosinophil count < 2% increases the risk of developing pneumonia.(%2) |n studies of patients with COPD who had
moderate airflow obstruction, ICS by itself or in combination with a LABA did not increase the risk of
pnheumonia,(1181.1561)

Results from RCTs have yielded varied results regarding the risk of decreased bone density and fractures with ICS
treatment, which may be due to differences in study designs and/or differences between ICS compounds. (1470.1559.1563-
1565) Results of observational studies suggest that ICS treatment could also be associated with increased risk of
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diabetes/poor control of diabetes,1319 cataracts,%® and mycobacterial infection.!5€) An increased risk of
tuberculosis has been found in both observational studies and a meta-analysis of RCTs.(12321241.1568) | the gbsence of
RCT data on these issues, it is not possible to draw firm conclusions.®%89|CS and lung cancer incidence is discussed in
Chapter 5.

The step up in inhaled treatment to LABA plus LAMA plus ICS (triple therapy) can occur by various approaches %7 and
has been shown to improve lung function, patient reported outcomes and reduce exacerbations when compared to
LAMA alone, LABA+LAMA and LABA+ICS,(464.466.467,1571-1578) A nost-hoc analysis of one of the RCTs that evaluated the
effects of LABA+LAMA+ICS showed that triple therapy improved clinical outcomes versus dual therapy regardless of
smoking status.(579)

A post-hoc pooled analysis of three triple therapy RCTs in patients with COPD who had severe airflow obstruction and
a history of exacerbations showed a non-significant trend for lower mortality (assessed as a safety-outcome) with triple
inhaled therapy compared to non-ICS based treatments.%9) Two large one-year RCTs (IMPACT and ETHOS) were
reviewed in Chapter 3 (see ‘Therapeutic interventions that reduce COPD mortality’) and.provide new evidence on
mortality reduction with fixed-dose inhaled triple combinations compared to dual brénchodilation. 4221581)

Oral glucocorticoids have numerous side effects, including steroid myopathy%2 which can contribute to muscle
weakness, decreased functionality, and respiratory failure. Systemic.gldcocorticoids for treating acute exacerbations
in hospitalized patients, or during emergency department visits, have been shown to reduce the rate of treatment
failure, the rate of relapse and to improve lung function and breathlessness.(%83 Conversely, prospective studies on
the long-term effects of oral glucocorticoids in stable COPD:are limited. 15841585 Therefore, while oral glucocorticoids
play a role in the acute management of exacerbations;.they have no role in the chronic daily treatment in COPD
because of a lack of benefit balanced against a high rate’of systemic complications.

The principal action of PDE4 inhibitors is,to reduce inflammation by inhibiting the breakdown of intracellular cyclic
AMP.1589) Roflumilast is a once dailysoral medication with no direct bronchodilator activity. Roflumilast reduces
moderate and severe exacerbations treated with systemic corticosteroids in patients with chronic bronchitis, severe
to very severe airflow obstructioen, and a history of exacerbations.(38?) The effects on lung function are also seen when
roflumilast is added to long-acting bronchodilators,58) and in patients who are not controlled on fixed-dose LABA+ICS
combinations.®©) The beneficial effects of roflumilast have been reported to be greater in patients with a prior history
of hospitalization for an acute exacerbation.© There has been no study directly comparing roflumilast with an ICS.

Adverse effects

Roflumilast has more adverse effects than inhaled medications for COPD. 1589 The most frequent are diarrhea, nausea,
reduced appetite, weight loss, abdominal pain, sleep disturbance, and headache. Adverse effects have led to increased
withdrawal rates from clinical trials. Adverse effects seem to occur early during treatment, are reversible, and diminish
over time with continued treatment. In controlled studies an average unexplained weight loss of 2 kg has been seen
and weight monitoring during treatment is advised, in addition to avoiding roflumilast treatment in underweight
patients. Roflumilast should also be used with caution in patients with depression.

In older studies prophylactic, continuous use of antibiotics had no effect on the frequency of exacerbations in
COPD,15%0.1591) 3 d 3 study that examined the efficacy of chemoprophylaxis undertaken in winter months over a period
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of 5 years concluded that there was no benefit.(15%) Later studies have shown that regular use of some antibiotics may
reduce exacerbation rate,(1593.15%4)

Azithromycin (250 mg/day or 500 mg three times per week) or erythromycin (250 mg two times per day) for one year
in patients prone to exacerbations reduced the risk of exacerbations compared to usual care.(€8%159%.15%) pAzithromycin
use was associated with an increased incidence of bacterial resistance, prolongation of QTc interval, and impaired
hearing tests.8) A post-hoc analysis suggests lesser benefit in active smokers.€) There are no data showing the
efficacy or safety of chronic azithromycin treatment to prevent COPD exacerbations beyond one-year of treatment.

Pulse therapy with moxifloxacin (400 mg/day for 5 days every 8 weeks) in patients with chronic bronchitis and frequent

exacerbations had no beneficial effect on the exacerbation rate overall.!3 Long-term doxycycline did not reduce
exacerbations, although there may be responder subgroups.5%)

In patients with COPD who are not receiving ICS, regular treatment with mucolytics-such as carbocysteine and N-

acetylcysteine may reduce exacerbations and modestly improve health status.5%1602)| gng-term treatment of mild
to moderate COPD with high-dose N-acetylcysteine (600 mg twice daily) neithersignificantly reduced the annual rate
of total exacerbations nor improved lung function.8%) |n contrast, it has been shown that erdosteine may have a
significant effect on (mild) exacerbations irrespective of concurrent treatment with ICS. Due to the heterogeneity of
studied populations, treatment dosing and concomitant treatments, currently available data do not allow precise
identification of the potential target population for antioxidant agents’in COPD. (16%4)

Ensifentrine is a novel, first-in-class, inhaled dual inhibitor-of PDE3 and PDE4 with both anti-inflammatory activity and
bronchodilator effects. PDE3 inhibition, through modulation of cyclic guanosine monophosphate levels, causes
smooth muscle relaxation.18%) |n parallel Phase IlPRCTs, ensifentrine, delivered via standard jet nebulizer, significantly
improved lung function®®®) and dyspnea but*had inconsistent effects on quality of life. A reduction in exacerbation
rate was suggested but the patient populations were not enriched for exacerbation risk. In addition, the studies were
not designed to assess the impact of ensifentrine on top of LABA+LAMA or LABA+LAMA+ICS making it difficult to fully
position this agent in our treatment algorithm.453681683) Gt djes did not find safety or tolerability issues.6%)
Ensifentrine is currently only available in the US.

Dupilumab is a fully human monoclonal antibody that blocks the shared receptor component for IL-4 and IL-13. In two
large, phase lll, double-blind, randomized trials, patients with COPD, chronic bronchitis, a history of two or more
moderate exacerbations or one or more severe exacerbation(s) in the last year despite treatment with
LABA+LAMA+ICS, from GOLD 2-3, and blood eosinophil count of > 300 cells/uL who received dupilumab had fewer
exacerbations, better lung function and improved health status over 52 weeks (Figure 3.11).(681.682)

Mepolizumab is a humanized monoclonal antibody that targets IL-5. Across three phase Ill, double-blind, randomized,
placebo-controlled trials, patients with COPD, a history of two or more moderate exacerbations or one or more severe
exacerbation(s) in the last year despite treatment with LABA+LAMA+ICS, from GOLD 2-4, with and without chronic
bronchitis, and blood eosinophil count of > 300 cells/uL who received mepolizumab for 52 to 104 weeks and had fewer
moderate or severe exacerbations and a reduction in exacerbations leading to ED visits or hospitalizations (Figure
3.11).(690.691)
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Benralizumab is a humanized monoclonal antibody directed against the alpha chain of the IL-5 receptor. Two phase
[ll, double-blind, randomized, placebo-controlled trials, of patients with COPD, a history of two or more moderate
exacerbations or one or more severe exacerbation(s) in the last year despite treatment with LABA+ICS, LABA+LAMA
or LABA+LAMA+ICS, from GOLD 2-4, found that add-on benralizumab was not associated with a lower annualized rate
of COPD exacerbations.1890)

Nedocromil and leukotriene modifiers have not been tested adequately in patients with COPD and the available
evidence does not support their use, (1698.1609)

There was no evidence of benefit, and some evidence of harm, including malignancy and pneumonia, following
treatment with an anti-tumor necrosis factor-alpha antibody (infliximab) in patients with COPD.(619)

A recent Cochrane meta-analysis did not show sufficient evidence to support the use of immunostimulants. 61

An RCT of the selective B1 receptor blocker metoprolol in patients with COPD who had.moderate or severe airflow
obstruction, and who did not have an established indication for beta-blocker use, showed it did not delay the time
until the first COPD exacerbation compared to the placebo group and hospitalization for exacerbation was more
common among the patients treated with metoprolol.(157.1612) There is no evidence that beta-blockers should be used
in people with COPD who do not have a cardiovascular indication for their use.

Simvastatin did not prevent exacerbations in people with COPD who'had no metabolic or cardiovascular indication for
statin treatment.”813) An association between statin use and improved outcomes (including decreased exacerbations
and mortality) has been reported in observational studies of\people with COPD who received them for cardiovascular
and metabolic indications.(1614)

There is no evidence that supplementation with.vitamin D has a positive impact on exacerbations in unselected
patients.(181% |n 3 meta-analysis vitamin D supplementation reduced exacerbation rates in patients with low baseline
vitamin D levels,% but a more recent study’has shown no effect.@0

>
7 \.‘

Adherence is defined as the gprocess by which a person takes their medication as prescribed by a healthcare
provider.1818) Adherence totherapy is a challenging issue in any chronic condition including COPD.

Non-adherence to COPD medication has been associated with poor symptom control, increased risk of exacerbation,
increased healthcare utilization and costs, decreased health-related quality of life and higher mortality risk.817-1627)

Although inhaled therapy is a key component in the management of COPD, the adherence to inhaled medication is
generally low, even in very severe disease. One systematic review reported non-adherence rates to COPD medication
of 22% to 93%, with over half of the included studies reporting non-adherence in > 50% of subjects.1828) Most studies
included were conducted in high-income countries and many used pharmacy claims data to assess adherence.(1628)
Self-reported non-adherence to COPD medication varies between 28% and 74% (mean 50.9%) in HICs(1619.1628.1629) gy
between 46% and 93% (mean 61.7%) in LMICs.(1830-1633) However, when compared with data obtained through
electronic monitoring, studies have consistently demonstrated that self-reports are inaccurate as people generally
over-report medication use.(1634.1635)

Adherence is a complex concept, influenced by multiple factors including social/environmental, person-related and
treatment-related factors.(830) Several studies have explored the variables associated with medication adherence in
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people with COPD.(628.1630) Factors such as the presence of co-morbidities, in particular depression, smoking status,
schooling level, disease severity, and drug regimen factors such as dosage complexity, polypharmacy and side effects

of therapy, are the main factors associated with low adherence.(1827.1628,1630,1631,1637,1638) |y addition, socioeconomic
factors, including unemployment, low-income status, immigration status, living alone and poor medication
availability% have been shown to negatively influence inhaled medication adherence and to be related to the non-
use of medication.(1637.1639,1640)

Although patient preferences may vary, prescribing strategies that could help improve adherence often include
selecting devices with a similar inhalation technique (in the case of multiple inhalers) and combination therapy. (1191641

Healthcare provider and caregiver factors can also contribute to perception of disease, healthcare, medication and
ultimately adherence. A better understanding of the disease and drug therapy, as well as greater trust in healthcare
professionals and pharmacist-led interventions have been shown to improve COPD medication adherence.7321628) g f-
management education can help a person understand their disease and the benefits of proper use of medication.
Prescribing behavioral components that are tailored to the individual barriers of each‘ person (e.g., keeping
medications in one place, self-monitoring of symptoms, medication reminders, etc.) isrmore effective in changing
behavior than offering general suggestions. A study assessing interventions intended' to improve adherence to
pharmacological therapy showed that multi-component interventions with education, motivational or behavioral
components delivered by health professionals may improve adherence.(143%1842)|nyolving a person in establishing an
individually tailored treatment plan has been shown to improve adherence.43) Further research on medication
adherence in COPD is needed to gain insight into the effectiveness of different self-management education and health
behavior change strategies.

Other pharmacological treatments for COPD are summarized in Figure A3.4.
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Other Pharmacological Treatments

Figure A3.4

Alpha-1 Antitrypsin Intravenous augmentation therapy may slow down the
Augmentation Therapy progression of emphysema (Evidence B)

There is no conclusive evidence of a beneficial role of antitussives

Antaissives in people with COPD (Evidence C)

Vasodilators do not improve outcomes and may worsen

Vasodilators oxygenation (Evidence B)

Low-dose long acting oral and parenteral opioids may be
Opioids considered for treating dyspnea in COPD patientswith severe
disease (Evidence B)

Drugs approved for primary pulmonary hypertension are not
recommended for patients with a_pulmonary hypertension
secondary to COPD (Evidence B)

Pulmonary
Hypertension Therapy

Alpha-1 antitrypsin augmentation therapy

The logical approach to minimize the development and progression of lung disease in patients with AATD is alpha-1-
antitrypsin augmentation. Such therapy has beenavailable in many, though not all, countries since the 1980s. Because
AATD is rare, few clinical trials to assess efficacy with conventional spirometric outcome have been undertaken.
However, a wealth of observational studies suggest a reduction in spirometric progression in treated versus non-
treated patients(®#4 and that this reduction is most effective for patients with FEV1 35% to 49% predicted. 1845 Never-
or ex-smokers with an FEV1 of35% to 60% predicted have been suggested as those most suitable for AATD
augmentation therapy (Evidence'B).

The available clinical(trial and registry data have almost exclusively been focused on patients with the 2Z (Z2Z-
AATD/PiZZ) genotype.Risks to other genotypes have not been explored in clinical trials although people with the Z/null
or null/null genotypes have even lower levels of plasma AAT and are usually assessed for augmentation therapy. Other
genotypes are not considered at risk or likely to benefit from augmentation therapy. Recent studies have suggested
an increased risk of developing COPD in heterozygotes for the Z gene®2%8) although unlike ZZ neither develop COPD in
the absence of smoking, so smoking cessation is thought to prevent progression and hence augmentation is not
necessary or appropriate.

Studies using sensitive parameters of emphysema progression determined by CT scans have provided evidence for an
effect on preserving lung tissue compared to placebo.1846-1648) Based on the last trial the indications for therapy have
been extended to include "those patients with evidence of progressive lung disease despite other optimal therapy."
However, not all patients with AATD develop or persist with rapid spirometric progression especially following smoking
cessation.849) Since the purpose of augmentation therapy is to preserve lung function and structure it seems logical
to reserve such expensive therapy for those with evidence of continued and rapid progression following smoking
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cessation.(649)

The indication for augmentation therapy is emphysema although there are no fixed criteria for diagnosis or
confirmation. The evidence for augmentation therapy efficacy varies according to the outcome studied.850
Intravenous augmentation therapy has been recommended for individuals with AATD and an FEV1 < 65% predicted
based on previous observational studies. However, one study powered on CT scan as an outcome recommended that
all patients with evidence of progressive lung disease related to AATD, and an FEV1 > 65% should be considered for
augmentation. Individual discussion is recommended with consideration of the cost of therapy and lack of evidence
for much benefit,(1859 although recent studies comparing mortality in patients with AATD-associated COPD and severe
airflow obstruction have observed a survival advantage of augmentation.(182) The main limitation for this therapy is
the very high cost and lack of availability in many countries.

Antitussives
The role of antitussives in people with COPD is inconclusive. 653

Vasodilators

Vasodilators have not been properly assessed in patients with COPD who have severe/disproportionate pulmonary
hypertension. Inhaled nitric oxide can worsen gas exchange because of altered\hypoxic regulation of ventilation-
perfusion balance and is contraindicated in stable COPD.(8%) Studies have shown'that sildenafil does not improve the
results of rehabilitation in people with COPD and moderately increases pulmonary artery pressure.5%) Tadalafil does
not appear improve exercise capacity or health status in patientss with COPD who have mild pulmonary
hypertension.166)

Treatment goals for patients with chronic bronchitis include: 1) reducing the overproduction of mucus; 2) decreasing
mucus hypersecretion by reducing inflammation; 3) facilitating elimination of mucus by increasing ciliary transport; 4)
decreasing mucus viscosity; and 5) facilitating cough-mechanisms. Smoking cessation can improve cough by improving
mucociliary function and decreasing goblet, cell*hyperplasia.187) Smoking cessation may decrease airway injury by
limiting immune mechanisms that cause persistent inflammation and abnormal epithelial cell gene expression. (165

Mucus clearance treatments that/promote mechanical movement through the airway such as oscillating positive
expiratory pressure therapy may.improve mucus mobilization, symptoms and quality of life in people with COPD who
produce sputum daily or mast.days.1852.1660) The yse of nebulized hypertonic saline for copious mucus has been used
in obstructive lung disease and cystic fibrosis with beneficial effects. However, in patients with COPD, current studies
are limited, and results are inconsistent.(1661-1665)

LAMAs, predominantly tiotropium and aclidinium, can improve sputum production and decrease cough in patients
with COPD who have moderate to severe airflow obstruction.(1666-1669) Trip|e therapy with dual LABDs combined with
an ICS may be effective in reducing exacerbations and improving lung function and quality of life regardless of the
presence of mucus hypersecretion.

Use of mucolytics was associated with a reduction of 0.03 exacerbations per participant per month compared with
placebo, that is, about 0.36 per year, or one exacerbation every three years. Very high heterogeneity was noted for
this outcome, so results need to be interpreted with caution.(8% Nevertheless, in participants with chronic bronchitis
or COPD, we are moderately confident that treatment with mucolytics may produce a small reduction in acute
exacerbations and a small effect on overall quality of life.182) Recombinant human DNase has similarly shown lack of
benefit in mucopurulent patients with COPD.18701670) New classes of mucolytics agents are being developed.“872) |n 3
small double-blind placebo-controlled study, patients randomized to receive a cystic fibrosis transmembrane
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conductance regulator potentiator icenticaftor had improvements in FEV1 and sputum bacterial colonization
compared to placebo.“873) New bronchoscopic interventions have been proposed to reduce mucus hypersecretion by
eliminating airway goblet cell hyperplasia and submucosal glands. Liquid nitrogen metered cryospray, rheoplasty, and
targeted lung denervation are currently under evaluation,826.903.905.1674)
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APPENDIX 4 — OVERVIEW OF THE EVIDENCE: NON-
PHARMACOLOGICAL THERAPY

A Delphi process has resulted in a conceptual definition for COPD self-management interventions: “A COPD self-
management intervention is structured but personalized and often multi-component, with goals of motivating,
engaging and supporting the patients to positively adapt their health behavior(s) and develop skills to better manage
their disease.”®) The process requires iterative interactions between patients and healthcare professionals who are
competent in delivering self-management interventions. Behavior change techniques are used to elicit patient
motivation, confidence and competence. Literacy sensitive approaches are used to enhance comprehensibility. €

Systematic reviews have provided evidence that self-management interventions improve outcomes in COPD. A 2022
Cochrane review reported that interventions for people with COPD are associated with \improvements in health-
related quality of life, a lower probability of respiratory-related hospital admissions, andino’excess respiratory-related
and all-cause mortality risks.!430) This strengthens the view that self-management interventions are unlikely to cause
harm. There had previously been concerns that health benefits from self-management programs in COPD could be
counterbalanced by increased mortality.18721678) However, a previous Cochfrane review and another meta-analysis
reported no impact of self-management interventions on overall mortality, and while the Cochrane review did find a
small, but statistically significant, higher respiratory-related mortality-rate in the self-management invention group as
compared to usual care, the authors of the review stated thé results should be interpreted with caution as
misclassification in cause of death is common, the overall effect'was dominated by two studies, and no effect on all-
cause mortality was seen in the overall analysis. Furthermore, two independent, well-designed studies, the
COMETWED) and the PIC-COPD,“88) have shown the_potential for reduction in mortality from integrated case
management with self-management interventions. The program in these two studies may have promoted earlier
appropriate treatment for exacerbations, which could have prevented some fatal complications. These data, in
conjunction with the most recently published Cochrane review, once again strengthens the view that self-
management interventions are unlikely to‘cadse harm.(437)

An RCT has shown that implementation of a comprehensive 3-month program to improve long-term self-management
of patients recently discharged from hospital with COPD exacerbation resulted in nearly two-fold higher rates of COPD-
related hospitalizations and/emergency visits over 6 months. These data suggest that self-management strategies in
recently hospitalized patients may lead to increased healthcare service utilization compared with usual care.1679

There remain problems with heterogeneity among interventions, consistency of their application, specifics of the
intervention, patient populations, follow-up times and outcome measures that make generalization difficult in real
life. Itis also challenging to formulate clear recommendations regarding the most effective form and content of a self-
management intervention in COPD given the range of heterogeneity across studies, and lack of precise definitions of
self-management components (e.g., skills taught) and fidelity measures. The recent conceptual definition should help
redress these deficiencies. For example, in the definition it is mentioned that: “The process requires iterative
interactions between patients and healthcare professionals who are competent in delivering self-management
interventions.” Having proper health coaching isimportant to improve self-management abilities. In people with COPD
admitted for an exacerbation, a study has reported the positive effect of health coaching, commencing at the time of
hospital discharge, on reducing risk of re-hospitalization and emergency department visits.(189 Furthermore, this
randomized study indicated that health coaching delivered by a respiratory therapist or nurse may improve self-
management abilities as demonstrated by meaningful improvements in Chronic Respiratory Disease Questionnaire
mastery scores,(1681)
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COPD is a complex disease that requires the input of multiple care providers who need to work together closely. In
principle, use of a formal structured program that determines how each component is delivered should make care
more efficient and effective, but the evidence for this is divided. Currently available evidence is conflicting regarding
the benefits of integrated care/disease management programs in terms of quality of life, exercise capacity, and use of

healthcare resources.16821684) Besides, delivering integrated interventions by telemedicine did not show a significant
effect.(1885.1686) The pragmatic conclusion is that well organized care is important, but there may be no advantage in
structuring it tightly into a formalized program. Furthermore, integrated care needs to be individualized to the stage
of the person’s illness and health literacy.

A study on the impact of credentialed pharmacist-led home medicines review (targeting treatable traits e.g.,
medication adherence and action plans for managing exacerbations) on health outcomes in primary care patients with
COPD reported improved treatment adherence, quality of life, and less depression and anxiety. Credentialed
pharmacists can work alongside general practitioners to optimize COPD management. {687

Pulmonary rehabilitation, including community and home-based, is an approach-with clear evidence of benefits.
However, the challenge is promoting physical activity and maintaining it. There.is evidence that physical activity is
decreased in patients with COPD."88) Thijs leads to a downward spiral of inactivity which predisposes patients to
reduced quality of life, increased rates of hospitalization and mortality. (18831691 Ag sych, there has been tremendous
interest in implementing behavior-targeted interventions with the aim of improving physical activity@22 and these
should be encouraged.%89) Technology-based interventions have thé potential to provide convenient and accessible
means to enhance exercise self-efficacy, and to educate and motivate people in their efforts to make healthy lifestyle
changes.#29) The use of an internet-mediated intervention. may benefit people with COPD with low baseline self-
efficacy to increase physical activity.(18%) However, most published studies to date provide little guidance, being
inconsistent in the techniques, and lacking the necessary details (e.g., type, quantity, timing and method of delivery;
tools used; quality-assurance methods) to replicate the study or adapt the interventions for clinical care. One RCT that
evaluated the long-term effectiveness of a,community-based physical activity coaching intervention in people with
COPD exacerbation history showed no bénefits in acute care use or survival.(8) Another pedometer-based physical
activity interventional study (pedometer alone or pedometer plus a website with feedback) showed an association
between the intervention and reduced risk for acute exacerbations over 12-15 months of follow-up.8%) Non-
pharmacological interventions(such as pursed lip breathing and diaphragmatic breathing have also been shown to
improve pulmonary functionand increased exercise capacity in patients with COPD.18%) |n 3 meta-analysis Ba Duan
Jin exercise has also been shown to have a positive improvement effect on lung function and 6MWD in COPD
patients.(1627)

A meta-analysis of RCTs found that exercise training alone, or with the addition of activity counseling, significantly
improved physical activity levels in patients with COPD.8%) A combination of constant load or interval training with
strength training provides better outcomes than either method alone.6%)

Where possible, endurance exercise training to 60-80% of the symptom-limited maximum work or heart rate is
preferred,7%) or to a Borg-rated dyspnea or fatigue score of 4 to 6 (moderate to severe).79 Endurance training can
be accomplished through either continuous or interval exercise programs. The latter involves the patient doing the
same total work but divided into briefer periods of high-intensity exercise, a useful strategy when performance is
limited by other comorbidities.(17021703) |5 some cultures, other alternatives such as Tai Chi practice, emphasizing the
use of ‘mind’ or concentration for control of breathing and circular body movement, has been shown to improve
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exercise capacity in comparison to usual care in patients with COPD.(7%) However, from this meta-analysis, the effects
of Tai Chi in reducing dyspnea level and improving quality of life remain inconclusive. Future studies addressing these
topics and the most beneficial protocols for Tai Chi practice are warranted.

Exercise training can be enhanced by optimizing bronchodilators,13%® since both LAMAs and LABAs have shown
reduced resting and dynamic hyperinflation. These changes contribute to better training effects. 14731705 Adding
strength training to aerobic training is effective in improving strength, but does not improve health status or exercise
tolerance.7%) Upper extremities exercise training improves arm strength and endurance, and results in improved
functional capacity for upper extremity activities.2%) Exercise capacity may also be improved by whole-body vibration
training.17%)

Inspiratory muscle training increases strength of inspiratory muscles, 2% but this not consistently translate to better
performance, reduced dyspnea or improved health related quality of life when added to a comprehensive pulmonary
rehabilitation program.(718-1712)

The benefits to patients with COPD from pulmonary rehabilitation are considerable/Figure A4.1), and rehabilitation
has been shown to be the most effective therapeutic strategy to improve shortness-of breath, health status, exercise
tolerance and sleep quality.17131714) pylmonary rehabilitation is appropriate-for‘most people with COPD; improved
functional exercise capacity and health-related quality of life have been‘demonstrated across all grades of COPD
severity, although the evidence is especially strong in patients with moderate to severe disease. Even patients with
chronic hypercapnic failure show benefit.1715.1716)

Exercise-induced oxygen desaturation can be seen in a significant minority of patients with COPD and has been
associated with impaired quality of life, exacerbation risk, and mortality."™0) A large RCT did not suggest clinical
improvement with LTOT for patients without resting hypoxemia but exertional desaturation.”®) When needed, it is
common practice to supplement oxygen during exercise training with the aim of facilitating higher exercise intensity.
There was little support for oxygen supplementation during exercise training for individuals with COPD from a 2007
systematic review,!19 but most evidence/was limited by low study quality. A large RCT,(™ with blinding of
participants, trainers and assessors, demonstrated that patients with COPD training with either supplemental oxygen
or medical air had significantly improved exercise capacity and health-related quality of life; no greater benefit with
oxygen was observed. The incidence and severity of adverse events were similar in both groups. In patients with COPD
who have severe airflow obstruction, are on LTOT, and in whom exercise training is done with oxygenation systems,
there has been increased.interest in using an alternative tool, namely nasally administered mixtures of humidified air-
oxygen blends at flow rates of 20-60 L/min. Such humidified air-oxygen treatment may reduce respiratory muscle load
and respiratory rate,.Wwhile increasing expiratory time.(729 |n an RCT, the delivery of humidified air-oxygen during
training sessions, as compared with usual oxygen, was not associated with a greater improvement in endurance time,
the primary outcome, or in health status.“”2) However, a greater improvement in the 6MWD test was observed with
humidified air-oxygen. A similar small trial suggested an improved walking distance.1”22 The proportion of patients
reaching the minimal clinically important difference in endurance time and 6MWD was also significantly higher with
humidified air-oxygen. Finally, there was no significant difference between the two therapies in patients’ satisfaction.
Further studies are needed to evaluate the efficacy of this treatment.
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Pulmonary Rehabilitation, Self-Management

and Integrative Care in COPD Figure A4.1

Rehabilitation is indicated in all patients with relevant symptoms and/or a
high risk for exacerbation (Evidence A)

Pulmonary rehabilitation improves dyspnea, health status and exercise
tolerance in stable patients (Evidence A)

Pulmonary Pulmonary rehabilitation reduces hospitalization among patients who have
Rehabilitation had a recent exacerbation (< 4 weeks from prior hospitalization) (Evidence B)

Pulmonary rehabilitation leads to a reduction in symptoms of anxiety and
depression (Evidence A)

Pulmonary rehabilitation leads to an improvement in sleep quality
(Evidence C)

Education is needed to change patient’s knowledge butthere is no evidence

. that used alone it will change patient behavior (Evidence C)
Education and

Self-Management Self-management intervention with communicatjon with a health care

professional improves health status and decreases hospitalizations and
emergency department visits (Evidence B)

Integrated Care Integrative care and telehealth have no demonstrated benefit at this time
Programs (Evidence B)

Physical activity is a strong predictor of mortality (Evidence A). People with
COPD should be éncouraged to increase their level of physical activity.

Physical Activity Programs thatuse effective behavioral change techniques, including the
use of step-counters, have been shown to increase physical activity in the
short4erm.

There are data from large RCTs regarding the effectiveness of pulmonary rehabilitation after hospitalization for an
acute exacerbation. A Systematic review that included 13 RCTs reported reduced mortality, and number of
readmissions among-patients who had pulmonary rehabilitation initiated during hospitalization or within 4 weeks of
discharge.7721723) | ong-term effects on mortality were not statistically significant, but improvements in health-related
quality of life and exercise capacity appeared to be maintained for at least 12 months. These results have been
corroborated by real world evidence, from a large population-based cohort of more than 190,000 patients hospitalized
for COPD in the US, in whom initiation of pulmonary rehabilitation within 90 days of discharge, while rare, was
significantly associated with lower risk of mortality“® and fewer rehospitalizations at one year.172 Furthermore, in
a meta-analysis pulmonary rehabilitation initiated before hospital discharge with endurance training alone was found
to reduce readmission rate and improve 6MWT distance.”2) One study has reported that initiating pulmonary
rehabilitation before the patient’s discharge may compromise survival through unknown mechanisms.?28 pylmonary
rehabilitation ranks as one of the most cost-effective treatment strategies.3%

There are many challenges with pulmonary rehabilitation. Referral of patients who might benefit, uptake and
completion of pulmonary rehabilitation is frequently limited, partly through provider ignorance as well as patients’
lack of awareness of availability or benefits. The recommended length of pulmonary rehabilitation (minimum of 6
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weeks) could also be a limitation in many countries due to funding constraints of insurance companies and/or national
health funds. Virtual reality pulmonary rehabilitation could be an alternative combined or not with traditional exercise
training; this may be of particular interest in countries where the length of pulmonary rehabilitation programs is
limited to less than 4 weeks.(720) Another challenge is encouraging sustained long-term physical activity. Although the
approach may need to be personalized, behavioral lifestyle physical activity intervention has shown promising results
i.e., the potential to decrease sedentarity and increase physical activity in patients with COPD who have moderate to
severe airflow obstruction.728) A major barrier to full participation is access, which is particularly limited by geography,
culture, finances, transport and other logistics, (497.674.796,1729)

Pulmonary rehabilitation can be conducted at a range of sites.®™ Community-based and home-based programs have
been shown to be as effective as hospital-based programs in randomized controlled trials,(1732173Y) 35 |ong as the
frequency and intensity are equivalent.'’32) In countries where there is economic limitation or those with challenges
because patients live in rural or remote regions, home-based programs that deliver exercise training using a stationary
bicycle®0 or a walking program@3) could be considered as alternative to traditional, hospital pulmonary
rehabilitation training programs. There is also evidence that standardized home-based ptlmonary rehabilitation
programs improve dyspnea in patients with COPD.!”33) However, in real life, traditional pulmenary rehabilitation with
supervision remains the standard of care and first-line option, with home-based exercise likely to be a less effective
alternative for people with COPD who are unable to attend pulmonary rehabilitation.73 Another challenge is that
the benefits of pulmonary rehabilitation tend to wane over time. There is ihsufficient evidence, with conflicting
research findings in the 11 available RCTs, to recommend continuation of lower intensity or lower frequency exercise
programs with the aim of maintaining benefit long-term. However, if such programs are available, they should target
health behavior taking into account the patient’s own preferences; heeds and personal goals.7#2173% pylmonary
rehabilitation may help reduce anxiety and depression symptoms.(12%2)

However, there are many challenges encountered in the'delivery of pulmonary rehabilitation, which include systemic
barriers integral to some healthcare systems leading to a scarcity of in-person pulmonary rehabilitation programs and
facilities. In many regions, the programs that do.éxist tend to be located in urban areas. Hence attending pulmonary
rehabilitation is challenging for many patients with COPD. Even for those patients residing in urban areas, availability
of frequent transportation that is required-for out-patient pulmonary rehabilitation may still be a challenge.

Tele-rehabilitation has been proposed as an alternative to the traditional approaches. This became even more relevant
in the COVID-19 pandemic era:where in-person pulmonary rehabilitation was not feasible, and models of delivery had
to be adapted. However;-it*is important to distinguish between evidence-based tele-rehabilitation models and
pandemic-adapted models. Most of the available evidence regarding tele-rehabilitation was analyzed in a Cochrane
review.,(1436)

Across multiple trials performed in groups and individuals with a large variety of tele-rehabilitation delivery platforms
(videoconferencing, telephone only, website with telephone support, mobile application with feedback, centralized
“hub” for people to come together), the reported results suggest that tele-rehabilitation is safe and has similar benefits
to those of center-based pulmonary rehabilitation across a range of outcomes. The evidence-based models from the
Cochrane review were published before the COVID-19 pandemic, and have all included an in-person exercise test at
the center prior to commencement, for the purposes of assessing the full extent of desaturation during exercise
training(73®) and accurately prescribing exercise capacity.‘230

Promoting physical activity is also central to the recommendations that should be given to every patient with COPD
regardless of disease severity. Promoting physical activity using smartphone apps is gaining popularity although at
present data on effectiveness are lacking.(18%
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In the field of tele-rehabilitation, the evidence base is still evolving and best practices are not yet established at this
time due to a lack of: i) standardization of delivery platform, e.g., no one single best mode of tele-rehabilitation
delivery; ii) tests performed remotely allowing for accurate exercise prescription; iii) information on suitable variations
in components and timing of interventions (e.g., no data are available regarding post-exacerbation rehabilitation); and
iv) evidence about duration of benefit (beyond immediate post pulmonary rehabilitation). Furthermore, it is unclear
what types of patients were recruited to these studies or their level of familiarity with the technology used. In order
to ensure that pulmonary rehabilitation is accessible to all, we must understand the barriers that might be unique to
tele-rehabilitation.

In people with COPD, weight loss and malnutrition develop as disease severity progresses and indicates a poor
prognosis. Malnutrition in COPD is associated with impaired lung function, increased hospitalizations, poor exercise
tolerance, worsened quality of life and increased mortality.(28.17381742) Mg|nutrition has been reported in 30-60% of
patients hospitalized with COPD;743) up to 50% of people with COPD weigh less than 90% of ddeal bodyweight. 1744
Weight loss occurs when energy expenditure exceeds energy supply; in people with COPD.decreases in appetite and
oral intake often coincide with elevated systemic levels of pro-inflammatory cytokines and’'the appetite suppressant
hormone, leptin.(17451746) The severity of airflow obstruction correlates with the presence of malnutrition®?? since
ventilator inefficiency increases daily energy requirements.7#8) The imbalance of deereased oral intake and increased

energy expenditure can lead to a negative nitrogen balance and decreases in-skeletal muscle mass and function. (742
1751)

Nutritional repletion in people with COPD should be coupled with optimization of lung function, regular exercise, and
improvement of tissue oxygenation. Dietary advice and orals supplementation have been reported to improve
bodyweight, quality of life, respiratory muscle strength and 6 MWD.®121743) However, nutritional support has not been
consistently shown to improve lung function.81517521754) py [timodality treatment that incorporates rehabilitation with
nutritional support and protein supplementation may improve fat free mass, BMI and exercise performance.(7%)
Among malnourished, hospitalized people with COPD, a protein enriched supplementation decreased mortality and
improved handgrip strength, bodyweight and nutritional biomarkers 90 days post hospital discharge.(756)
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