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Preface

The first COPD guideline was issued in 2005, Second edition
issuedin 2010; and as the new edition of the COPD guideline
isinhandafter 05 years, you will quickly recognize this edition
differs significantly from its predecessor. There has been
much change in the understanding and management of the
disease overthe past halfdecade.

These changes are based on updated scientific literatures
worldwide and locally, while at the same time maintaining
simplicity for the practicing clinicians. PCS has been

fortunate to have network of distinguished health professionals to bring COPD to the
attention of Governments, public health officials, health care workers and the general
public to raise awareness of the burden of COPD and to develop programs for early
detection, prevention and approaches to management according to local needs based on
the best scientificinformation available.

According to meta- analysis prevalence of COPD in Pakistan is 13.8%, and it is more
common in males than in females. In rural areas, it is commoner in females likely due to
exposure toburningbiomass fuel.

The most blamed and preventable risk to getting the disease is cigarette smoking. The
overallprevalence of smokingin Pakistanis 14.5% (26.1%in malesand 5.4% in females).
Unfortunately, legislations againstits use are notimplementedinthe country.

Although the disease is not curable, the attainable goals of management are to slow down
deterioration, improves symptoms and lung function, thus improving the overall health
status ofthe patient.

COPD patients might need hospitalization during exacerbations but most times it is the
primary care physician who has to deal with managing the patients. This guideline will be of
help tohealth care providers atalllevels dealingwith COPD patients.

Dr.Maqgbool ALangove

Chairman
COPD guideline workinggroup
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Message by the President
Pakistan Chest Society (PCS)

Itis a matter of great pleasure and satisfaction for me that
PCS is successfully pursuing its agenda of formulating
national guideline on COPD. This publication
comprehensively but at the same time concisely sheds
lightonalltheaspects of COPD.

COPD is a major cause of chronic morbidity and mortality
throughout the world. It represents an important public
health challenge that is both preventable and treatable.
This risk is mainly associated with increase rate of smoking

especiallyin Pakistan.

This guideline has covered every aspectrelated to COPD including pathogenesis, diagnosis
and management. It has also covered management during exacerbation. Section on
supportive treatment strategies also included like smoking cessation, vaccination,
pulmonaryrehabilitationetc.

PCSis fortunate that it has galaxy of intellectuals who are coherent to each other and ready
to impart their part in the work assigned to them. | am thankful to the guideline working
group for their hard work and devotion they paid in term of time without which it was not
possible tobring this guidelineinyour hands.

| hope this guideline will be useful for postgraduate trainees, practicing physicians,
pulmonologists, scientists and health workers with interest in COPD. It will become a
powerful tool for them to enhance their knowledge, which in turn will positively impact the
standard of medical care.

Prof. Shereen Khan

President
Pakistan Chest Society
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Message by the Chairman
Guideline Committee, Pakistan Chest Society

It is a matter of great pleasure, pride and satisfaction that
guideline for the Management of COPD has been revised
by the working group. Governing Council of PCS has
mandated the Guideline committee to develop evidence-
based guidelines for important pulmonary diseases.
Besides this document, guidelines on Asthma, Sleep
apnea, Noninvasive ventilation, pre-operative pulmonary
riskassessmentand guideline on smoking Cessation have
already been developed and will distributed during the

14th Biennial Chest Con 2020 in Karachi. It is very encouraging to note that PCS has been
consistently working on developing and updating guidelines. These guidelines provide a
highly valuable resource for the trainees and practicing physicians.

COPD is a major global cause of chronic morbidity and mortality. This publication
comprehensively covers all the aspects related to COPD diagnosis and management. | hope
this guideline will be useful for trainees, practicing physicians and health care workers with
interestin COPD.

Finally, | would like to acknowledge the hard work of Dr Magbool and other members of the
working group who revised this document and the members of PCS guideline committee for
reviewing the document. PCS remain committed to always endeavor for the achievement of
thebest possible clinical practice.

Prof. Muhammad Ashraf Jamal

Chairman Guideline Committee
Pakistan Chest Society
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SR Slowrelease
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TLC Totallung capacity
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Chapter 01:

Introduction

The Pakistan Chest Society (PCS) guideline was developed by expertise in chronic
obstructive pulmonary disease (COPD) and the aim of PCS is to provide evidence-based
recommendations, while maintaining simplicity for the assessment, diagnosis and
management of COPD for graduates, post-graduates and general practitioners.

TheBurdenof COPD
Chronic Obstructive Pulmonary Disease (COPD) remains a major global public health

challenge. According to arecent systematic review and meta- analysis publishedin 2024, the
global prevalence of COPD in adults aged 40 years and above is estimated at 12.6% when
using the fixed ratio (FEV./FVC < 0.70) and 7.4% when applying the lower limit of normal
(LLN) spirometry criteria. This analysis, which included over 100 population-based studies
from 94 countries, highlights substantial regional variation and underscores the burden of
underdiagnosed and undertreated disease worldwide'.

The landmark BOLD (Burden of Obstructive Lung Disease) study, published in 2011,
provided compelling evidence that COPD is not exclusive to smokers. Among 4,291 never-
smokers aged 240, the study found that 6.6% met criteria for mild COPD (GOLD stage ), and
5.6% met criteria for moderate to very severe COPD (GOLD stage lI+). Remarkably, never-
smokers accounted for 23.3% of all GOLD stage lI+ COPD cases in the total sample. Even
whenusing the more conservative lower limit of normal (LLN) threshold for FEV./FVC, never-
smokers stillcomprised 20.5% of moderate-to-severe cases.

These findings underline the importance of non-smoking risk factors, including advancing
age, lower educational attainment (particularly in women), occupational exposures,
childhood respiratory diseases, and abnormal body mass index (BMI). The study concluded
that never-smokers represent a substantial and underrecognized proportion of the global
COPD burden, challenging the conventional notion that smoking is the sole driver of chronic
airflow limitation’.

Based onBOLD and other large epidemiologic studies the global prevalence of COPDin 2010
was 11.7%3."In addition to imposing a substantial economic burden on individuals and
society, COPD leads to significant disability and impaired quality of life. As of 2021, COPD
ranked as the 4th leading cause of death globally, responsible for some 3.5 million deaths
(~5% of global mortality), and was the 8th leading cause of disability adjusted life years
(DALYs) - worldwide.

According to a metanalysis done in 2018, Pakistan has the highest prevalence of COPD
(13.8%), in the EMRO region.5 The prevalence of COPD increases with rising smoking trend
and aging population. Table 1 shows the results of tobacco use prevalence from latest survey
completedby end of December 2018.°
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Table 1: Prevalence of tobacco use (latest survey completed by WHO, December 2018)

Tobacco Tobacco Cigarette Smokeless | E-cigarette
use smoking smoking tobacco use use

Current| Daily [Current| Daily |Current| Daily |Current| Daily |Current| Daily

Survey: National Diabetes Survey of Pakistan, 2016-17; National,ages 20+#

ng)EQS 14.5 . . . . . 7.7% 7.1%

Survey: Global Youth Tobacco Survey, 2013; National, ages 13-15

Male 13.3 - 9.2 - 4.8 - 6.4
Female 6.6 - 4.1 - 0.9 - 3.7
Both . . .

Sexes 10.7 7.2 3.3 5.3

* Global Adult Tobacco Survey, 2014; National,ages 15+
# 4.4%men, 1% womenand 2.7 % of the adult population are daily water pipe smokers

A systemic review published in 2011 reported the prevalence of waterpipe (Shisha) smoking
tobe 33%amonguniversity students and 6% amongadult population of Pakistan.’

References
1.AL Wachami N, Guennouni M, Iderdar Y, Boumendil K, Arraji M, Mourajid Y, et al. Estimating

the global prevalence of chronic obstructive pulmonary disease (COPD): a systematic review
and meta-analysis. BMC Public Health.2024;24:297.d0i:10.1186/s12889-024-17686-9
2.Lamprecht B, McBurnie MA, Vollmer WM, et al. COPD in never smokers: results from the
population-based Burden of Obstructive Lung Disease study. Chest. 2011;139(4):752-763.
doi:10.1378/chest.10-1253

3.Adeloye D, Chua S, Lee C, et al. Global and regional estimates of COPD prevalence:
Systematicreviewand meta-analysis. JGlobHealth. 2015 Dec;5(2):020415.

4.World Health Organization. Chronic obstructive pulmonary disease (COPD) [Internet].
Geneva: WHO; 2024 Nov 6 [cited 2025 Jul 20]. Available from: https:/www.who.int/news-
room/fact-sheets/detail/chronic-obstructive-pulmonary- disease-(copd)

5.MasjediM, Ainy E, ZayeriF, Paydar R. Assessing the Prevalence and Incidence of Asthmaand
Chronic Obstructive Pulmonary Disease in the Eastern Mediterranean Region. Turk Thorac J.
2018 Apr;19(2):56-60.doi: 10.5152/TurkThoracJ.2018.17051.

6.WHO.WHO reportonglobaltobacco epidemic, 2019: Country profile Pakistan.

7.Elie A, Sameer G, Sohaib A, Rawad O, Philippe J, Roland H, et al. The prevalence of waterpipe
tobacco smoking among the general and specific populations: a systematic review. BMC
PublicHealth.2011;11:244.
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Chapter 02:
Definition Of 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,airﬂowobstruction.1

In a developing country like Pakistan the impact of COPD on workplace and home
productivity are equally important as the direct medical costs related to the disease. Hence
COPDisaseriousthreattoacountry'seconomy.

Early COPD
Early COPD refers to the initial development of structural or functional lung changes that

could later lead to full-blown COPD. It may not yet show up as airflow obstruction on
spirometry, but early signs—Ilike small airway inflammation or changes on CT scan—can be
present.

Key Point: It'sabout the starting stage oflung damage before spirometry confirms COPD.

Mild COPD
Mild COPD is when a person already has airflow obstruction, but the symptoms are not very

severe, andlungfunctionisstillrelatively preserved (usually FEV, > 80% predicted).
Key Point: Airflow limitationis present, but daily activities are usually not much affected.

Young COPD
Young COPD refers to people who develop COPD before the age of 50, often with risk factors

like smoking, poor lung growth in childhood, or genetic issues (like alpha-1 antitrypsin
deficiency).

Key Point: COPD in a person under 50 years old, which may be due to early-life or genetic
factors.

PRISm (Preserved Ratio Impaired Spirometry)
PRISm means the person has a reduced FEV, (less than 80% predicted), but the FEV,/FVC

ratio is still normal (> 0.70). This pattern may indicate early disease, and some patients with
PRISmcangoontodevelop COPD.

Key Point: Lungfunctionis notnormal, but does not yet meet the definition of COPD.

References
1.Global strategy for the diagnosis, management, and prevention of chronic obstructive

pulmonarydisease.2025.

11




Chapter 03:
Risk Factors Of COPD

COPDresults from Gene(G)-Environment(E) interaction occurring over the lifetime(T) of the
individual (GETOmics) that can damage the lungs and/or alter their normal
development/aging processes. Many factors contribute to the development of COPD.’ The
mostimportant onesarediscussedbelow.

Cigarette smoking is the most important risk factor for development of COPD.? But
approximately 25 —45% of patients with COPD are lifelong non-smokers.’ On the other hand
fewer than 50% of heavy smokers do not develop COPD.* Several mechanisms are proposed
by which smoking may contribute to COPD.

Prenatal exposure
. Reducedlungdevelopment

«  Lowbirthweight Childhood

. Decreasedlunggrowth Adulthood

. Accelerateddeclineinlungfunction

. Lungdestruction

. Impairedlungrepair
The greater the total numbers of cigarette smoke, the greater the risk of development of
COPD. Itis good to quantify this exposure as under:’®

[ Pack year = Number of cigarettes smoked per day x Number of years of smoking 20 j

Smokers suffer an irreversible loss of 4.4-10.4 mlin FEV1 per pack year smoked.®” Thereis a
strong dose-response relation between the smoking pack years and the risk,’ severity,” and
mortality10 of COPD and therisk oflungcancer.”

Loose tobaccois quantified as tobacco smoked in “ounces per week", which can be converted
into packyears:"

[ Pack years = Ounces of loose tobacco per week x 2/7 x number of years smoked j

Figure 3.1: Indoor biomass exposure
Indoor and outdoor air pollution like biomass fuel

for cooking or heating in poorly ventilated
dwellings, passive smoking and exposure to urban
air pollution, organic and inorganic dusts,
chemicals or fumes. In Pakistan, biomass fuel is
used for cooking and heating by 52% of
households overall, and 75% in rural area, figure
3.1.” The prevalence of COPD is two to three
times higherin women exposed to biomass fuel as
compared to urban women.""* According to a
meta- analysis, biomass-exposed individuals are
1.38 times more likely to be diagnosed with COPD :
than non-exposed(OR 1.38,95%Cl 1.28to 1.57).16 Figure 3.2: Inside of the coal mine
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Genetic predisposition’ is possibly related to al-proteinase inhibitor, al-

antichymotrypsin, a2- macroglobulin, matrix metalloproteinase 12, a-nicotinic
acetylcholinereceptor,hedgehoginteracting proteinand many others.

Most common is alpha-1 antitrypsin deficiency. Alph-1 antitrypsin is a serine protease
inhibitor (SERPIN) secreted by the liver, which inhibits the enzyme neutrophil elastase from
damagingthelungtissue.

Deficiency of this alpha-1 antitrypsin leads to unopposed elastolysis and development of
emphysema (protease-antiprotease hypothesis). These patients usually present at an early
age.

Infections during childhood may increase subsequent risk of COPD by affecting lung
function, lung growth or pulmonary defense mechanisms." HIV patients are anincreased risk
of COPD than HIV negative controls.”” TB is an independent risk factor for COPD.*
Pseudomonas colonization increases the risk of exacerbations, hospitalizations and all-
cause mortality of COPD.”

Socioeconomic status is a small risk factor and is difficult to separate from related factors
such as smoking habit, industrial exposure, passive smoking and childhood infection. There
isanincreasedrisk of development of COPDin people of lower socioeconomic class.”

It is not clear whether increasing age itself causes changes similar to COPD or it is the
cumulative effect of exposure throughout life that leads to COPD. In old literature it is
proposed that males are more prone to get COPD, while today due to increasing trend of
smoking among females this gender predisposition has become equal. Some studies have
suggested that females get more severe disease than males for equal quantity of cigarettes
consumed.

Poorly treated asthma and smoking may be a risk factor for development of chronic airflow
limitationand COPD. Separatingasthmafrom COPD inadults may be sometimes difficult.

Airway hyper-responsiveness may exist without a diagnosis of asthma and it is an
independent predictor of COPD.

Chronic bronchitis has also been associated with increased likelihood of developing COPD
andanincreasedfrequency and severity of exacerbations.

Chronic intravenous drug abuse especially cocaine methadone and heroin are linked to
higher risk of developing COPD. This is attributed to the vascular damage induced by the
insoluble filler (cornstarch, cellulose, talc, fiber etc.) found in IV drugs. These patients are
usually youngat presentation™.
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Chapter 04:

Pathogenesis

Inhealththelung shows aninflammatory response to noxious/irritant particles.In COPD this
response is modified and pathological changes occur in airways, the lung parenchyma and
the pulmonary vasculature. Several mechanisms have been proposed for the development
of COPD."* Oxidative stress caused by excess of oxidants due to cigarette smoke may
enhance the inflammatory response. Oxidants also inactivate the antiproteases and cause
protease- antiprotease imbalance that leads to the breakdown of connective tissue
componentsinthelung, resultinginemphysema.

Inflammatory cells like macrophages, activated neutrophils and lymphocytes are increased
in COPD which release multiple inflammatory mediators. In some patients who have COPD
asthmaoverlap there areincreased eosinophils.

In healthy smokers and also in COPD there is peribronchiolar and interstitial fibrosis which
may contribute to the development of small airway limitation and obliteration that precedes
the development of emphysema.

Chronicbronchitis
Chronicbronchitisis definedas:

"Chroniccoughand sputum foratleast 3 monthsayearfor 2 consecutive years.”
It was once considered under the umbrella term of COPD. However, it is now known that
chronicbronchitisis adistinct entity that can exist with or without airflow limitation.’

Air flow obstruction No airflow obstruction

Chronic bronchitis symptoms  COPD & Chronic bronchitis Chronic bronchitis

No chronic bronchitis

symptoms COPD None

Smallairway disease/ Bronchiolitis
Bronchiolitis, an important pathological change in COPD, can result in inflammation and

scarring of the smallairways. Itis difficult to be assessed by respiratory function tests.

Pulmonary Emphysema
Pulmonary emphysemais definedas:

“"Abnormal permanent enlargement of airspaces distal to the terminal bronchioles
accompanied by destruction of their walls.”
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Figure 4.1: shows the pathogenesis of COPD. MMPs: Matrix metalloproteinases

Alphal —— Degrade Destruction
anti-trypsin ke v elastin by of alveolar
deficiency proteolysis walls  and
capillaries
Smoking, Biomass etc.
Emphysema
Inflammation
v \
Neutrophil Increased oxidative Mucus hypersecretion
elastaseand stress and cytokines
Destructionof Fibrosis, edema Chronic bronchitis
alveolar, and and thickening of
capillaries wall bronchial wall
Emphysema Chronic Bronchitis

Secondary lobule is the part of lung that contains several terminal bronchioles surrounded
by connective tissue septa.

Acinusisthat part of the lung parenchyma supplied by a single terminal bronchiole. There are
three maintypes ofemphysema:”

Centriacinaremphysema
This is the most common type seen in smokers. It is focal enlargement of airspaces around
therespiratorybronchiole. Itis more prominentin upper zones of upperandlower lobes.

Panacinaremphysema
It is confluent even involvement of the acinar unit. It is more severe in lower lobe and is
associated with al-proteinaseinhibitor deficiency.

Paraseptalemphysema

Itis peripherally distributed enlarged airspaces where the acinar unit abuts a fixed structure,
likepleura. Itistheleastcommontype.
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Figure 4.2: shows the most common types of emphysema.

Paraseptal Panacinar Centriacinar

Ll ™

Figure 4.2: The common types of emphysema.
AD: alveolar duct, AS: alveolar sac, RB: respiratory bronchiole, TB: terminal bronchiole

5,6,7,8,9,10

Emerging mechanisms of COPD pathogenesis:
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Chapter 05:
Natural History

Lung function, as measured by forced expiratory volume in one second (FEV,), follows a
characteristic trajectory from birth through aging. This pattern reflects the interaction
between normal physiological development, environmental exposures, and disease
processes.

Developmentaland Aging Trajectories

Lunggrowthacceleratesinchildhoodandadolescence, reachingpeak FEV1betweenages 20
and 25. A short plateau follows, after which lung function gradually declines with age. This
typical progressionforms the basis of normalaging.

However, research in recent decades has refined this view, showing that individuals may
follow distinct FEV1 trajectories, depending on early-life events and adult exposures.

Foundational Perspective: TheFletcher-Peto Curve

The Fletcher and Peto model (1977) were the first to systematically describe how lung
function declines over time. Their graph illustrated how smoking accelerates the decline in
FEV.,leadingto earlier symptomatic COPD and disability. In their model:

+  Never-smokersshowaslow,age-related declineandrarely reach disability thresholds.
«  Smokershaveasteeper FEVidecline, potentiallyleadingto early-onset COPD.
«  Smokingcessationreducestherate of decline, reinforcingits criticalrolein prevention.

The Fletcher-Peto curve provided a conceptual framework that has since been expanded by
longitudinal cohort studies

100 -+ Never smoked or not
susceptible to smoke
]
2 75
-]
f‘,’f Smoked
2 50 reqularly and “~.  Stopped at 45
= susceptible to AT
£ | _Disability - seffects N\ ...
> 25 1 -
& Death .. Stopped at 65
0 1 |
25 50 75

Age (years)

Figure 5.1 TheFletcher-Peto Curve of FEV; Declinein Smokersand Non- Smokers
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This foundational model (1977) illustrates three trajectories of FEV.: a slow decline in never-
smokers, an accelerated decline in smokers, and a decelerated decline after smoking
cessation. This conceptlaid the groundwork for understanding the natural history of COPD.

Source:Fletcher &Peto, 1977. Adapted under educationalfair use.

Updated Perspective: GOLD 2025 FEV1 Trajectories
Buildingonthe Fletcher-Peto model, the GOLD 2025 Reportintroducesamore nuanced view

of lung function trajectories. It recognizes that not all individuals who develop COPD
experience accelerated decline—many never achieve normal peak lung function in early
adulthood due to adverse early-life factors.

Childhood ~ Puberty Adulthood Aging
120%-
100% - Supranorm
%
Normal
ég— 80% - Pseudonormal
2e
S Qe
L5
22 60% - Growth Failure
2% Below Normal
g
40% - EI':;II: e Accelerated
Decline
20% -
0% I T I T T I T I 1
0 10 20 30 40 50 60 70 80 90
—>
Age (yr)

Figure5.2FEV1Trajectories Across theLifespan

«  Trajectory 1 (Normal): Full lung development, peak FEV, by ~25 years, followed by
gradual physiological decline.

. Trajectory 2 (Low Peak, Normal Decline): Early-life disadvantage (e.g. prematurity,
childhood infections) limits peak lung function, though the subsequent rate of
declineisnormal.

«  Trajectory 3 (Normal Peak, Accelerated Decline): Lung growth is normal, but
harmfuladult exposures (e.g. smoking) cause premature, steep decline.
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Chapter 06:
Symptoms & Phenotypes

Symptoms

The hallmark of COPD is chronic progressive dyspnea.1 It is the major cause of disability and
anxiety associated with the disease. The breathlessness increases with exertion, and it is
there all the time. The perception of dyspnea varies among individuals with the same level of
activity. It can be assessed by using modified Medical Research Council (mMRC) Dyspnea
Scale2(Table 4.1).

Table 4.1: Modified Medical Research Council (nMRC) Dyspnea Scale
GradeDegree of breathlessnessrelated toactivity

Not troubled by breathlessness except on strenuous exercise

1 Short of breath when hurrying or walking up a slight hill
(on climbing stairs)

2 Walks slower than contemporaries on the level because of
breathlessness, or has to stop for breath when walking at own pace

3 Stops for breath after walking about 100m or after a few minutes on the level

4 Too breathless to leave the house, or breathless when dressing or undressing

Dyspnea is often affected by mood, temperature, exposure to dust or fumes and position,
etc.

Cough and sputum production may be present in up to 50% of cigarette smokers. At times
the cough of COPD may be non-productive. Cough is often worse in the morning. Out of
exacerbation the sputum is usually small in quantity and often white or grey. Excessive
sputum production raises the possibility of underlying bronchiectasis. The expectoration of
persistent purulent sputum may berelated to bacterial colonization of the airways.

In severe disease, the generation of high intra-thoracic pressures may produce syncope
during bout of cough—the cough syncope and cough fractures of theribs. Coughis also made
worse by gastro-esophageal reflex.

Wheezing and chest tightness are common in COPD but are not universal. Their presence
does not confirm the diagnosis, likewise their absence does not refute the diagnosis of
COPD.

Other symptoms common in COPD is atypical chest pain, anorexia, fatigue, psychiatric

morbidity especially depression, and poor sleep quality. Weight loss is a feature of severe
COPD.ltisabadprognostic sign,and survivalis negatively correlated withbody massindex3.
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Figure 6.1: Survivalis negatively correlated with body massindex. Datafrom Lainscak etal.
Journal of cachexia, sarcopeniaand muscle, 2011.HR hazardratio; BMI: Body massindex

Signs
Physical signs are not specificto the disease. Theyinclude:

«  Uniformlydiminishedbreath sounds
. Prolonged expiratory phase of breathing
. Purse-lippedbreathing

Pursed lip breathing
Central cyanosis
Prolonged expiration

Reduced cricosternal

Use of accessory distance

muscles S
) \' 7 \ \ Intercostal
N YA indrawing
Hyperinflated (I==\_~ i during
‘barrel’ chest—T—‘-%K ’\\' - |\ inspiration
| \~

\ |»A =)

\‘I 4#/’7 Cardiac apex not
Auscultation —% palpable
Reduced breath M Loss of cardiac
sounds - wheeze dullness on

percussion

Heart sounds Inward movement
loudest in of lower ribs
epigastrium on inspiration

(low flat diaphragm)

Also: raised JVP, peripheral oedema if cor pulmonale
Figure 6.2: Physical signs of COPD JVP: Jugular venous pulse

«  Useofaccessory muscles ofbreathingBarrel-shapedchest

. Horizontal ribs with prominent sterna angle and wide sub- costal angle Reduced
distance between supra-sternalnotchandthe cricoid cartilage Inspiratory tracheal tug

. Hoover's sign — horizontal position of the diaphragm pulls in the lower ribs during
inspiration

. Decreasedhepaticand cardiac dullness on percussion
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Signs of pulmonary hypertension (RV heave, loud P2, gallop rhythm, pansystolic
murmur, pitting pedal edema)

Tender pulsatileliver

Prominent v wave of jugular venous pulse

Systemiceffects of COPD
COPDisassociated withanumber of systemic effects and co-morbidities.’

Skeletalmuscle dysfunction

Weightloss

Ischemicheart disease, hypertension, heart failure
Arrhythmia, stroke

DVT, Pulmonary Embolism,and Aorticaneurysm
Osteoporosis

Anxiety, Depression

Diabetes Mellites

Carcinomalung

Bronchiectasis, Skin Wrinkling

Peptic Ulceration, GERD. Anemia.

Traditionally COPDis dividedinto 2 phenotypes: Emphysemaand Chronic bronchitis

Emphysema
Decreased [ Destruction of . .
. . . Air trapping
elastic recoil L capillary bed
N 4 y \
Increasing Decreased Increased end Pursed lip
compliance woB DLCO expiratory vol. breathingi.e.
J increasing RV External
l i and TLC. PEEP

Matched V/Q
Dyspnea
defects

v A

Cacheczta Barrel chest

24




[ Chronic Bronchitis ]

—

[ Mucus Hypersecretion ] [ Airway Obstruction

Productive Cough with Wheezing, with
Mucus Hypersecretion Decreased FEV1

Alveolar Hypoxia ]

—

[V/lesmatch] [ Pulmonary ]

Vasoconstriction

[ Hypoxia ] [Hypercarbia] [ PHTN ]
v v v
Polycythemia Respiratory Cor Pulmonale
Acidosis

v
. Raised JVP, loud
Cyanosis
P2, Parasternal

Heave, and
Peripheral Edema

Figure 6.2: Two phenotypes of COPD: Emphysemaand chronic bronchitis

DLCO: Diffusion capacity of lung for carbon monoxide; FEV1: Forced expiratory volume in
one second; FVC: Forced vital capacity; JVP: Jugular venous pulse; P2: Pulmonic second
heart sound; PEEP: Positive end expiratory pressure; PHT: Pulmonary hypertension RV:
Residual volume; TLC: Totallung capacity; VC: Vital capacity; WOB: Work of breathing
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Chapter 07:
Pathway To The Diagnosis Of COPD

COPD should be considered in any patient who has symptoms of the disease as discussed in
chapter 6 and/or history of exposure to risk factors. Spirometry is required to diagnose the
disease. (Figure7.1)

g =)
(=)

Figure 7.1: Pathway to the diagnosis of COPD

In patients with symptoms and exposure to risk factors, post-bronchodilator
FEV1/FVC < 0.70 confirms the diagnosis of COPD.

Post-bronchodilator forced expiratory volume in first second (FEV1)/forced vital capacity
(FVC) below the LLN (lower fifth percentile of values from a reference population) should be
preferably used as the criterion for diagnosis of airflow obstruction. However, in the absence
of reference equations for LLN, FEV1/FVC < 0.7 may be used as the cutoff for defining airflow
obstruction.

Usingfixedratio of <0.7 isnotinferior to LLN regarding prognosis.

Spirometryin COPD

Inevaluation of COPD patient spirometry has followingroles:
» Diagnosis

» Assessmentof severity (prognosis)

» Follow-upassessment

» Therapeuticdecisions

« ldentification ofrapid decline
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Figure7.2: Typical spirometry trace of COPD patient

FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; TLC: Total lung
capacity; RV:Residual volume
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Chapter 08:
Spirometric Classification Of Severity Of COPD

Spirometry should be performed after the administration of short acting inhaled
bronchodilator in order to minimize variability. The classification of airflow limitation severity
in COPD based onspirometryisshownintable 8.1.

Table 8.1: Spirometric classification of severity of COPD, based on post- bronchodilator
FEV1.

InpatientswithFEV1/FVC<0.70

GOLD1 | Mild FEV1 = 80%predicted
GOLD 2 | Moderate 50% = FEV1< 80 % predicted
GOLD 3  Severe 30%= FEV1< 50% predicted

GOLD 4 | Very severe FEV1 < 30%predicted

GOLD: Global Initiative for Chronic Obstructive Lung Disease

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 considered 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. Using these thresholds inevitably
leads to differences in the classification of some patients compared to using the percentage
predicted but whether this has significant implications for management or prognosis
remains unclear.
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Chapter 09:
Assessment Of COPD Severity

COPD assessment is necessary to determine the level of airflow obstruction and its impact
on health status of the patient and the risk of future exacerbations. This eventually guides
therapy.

Thefollowingaspects ofthe disease mustbe assessed separately.

The presence and severity of spirometry abnormality
«  Currentseverity of symptoms
»  Historyofexacerbationsandfuturerisk
. Blood Eosinophil count
«  Presence of co-morbidities

The presence and severity of Spiro metricabnormality (It has been discussedin chapter 8.)

Current severity of symptoms
Breathlessness being the cardinal symptom of the disease, one tool to assess severity of

symptoms is mMRC dyspnea scale, discussed in chapter 6. But as a matter of fact, COPD
impacts patients beyond just dyspnea. So combined assessment test (CATTM) can be used
tomeasure health statusin COPD." It has been translated and validated in Urdu. It is an 8-item

Likert style questionnaire. Scoreranges from0to 40, where Ois asymptomatic patientand 40
is patient with severe symptoms. See Figure 9.1.
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Figure9.1: COPDassessmenttest. CAT™" score > 10indicates highlevel of symptomes.

Interpretation of CAT™
Seetable9.1.

Table9.1:Interpretation of CAT™

<10 10-20 20-30

Interpretation Low Medium High

<30

Very high
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History of exacerbations and futurerisk

COPD exacerbationisdefinedas:

"Anacute worsening of respiratory symptoms that require additional therapy.”
Fletcherfirstdescribed'chestepisodes'in 1976, since thentheinterest to develop criteriafor
these episodes increased steadily. In 1987 Anthonisen et al.’ gave the classic definition

describing three levels of exacerbation based on patient's symptomatology. This is the
criteria recommended to be used in describing the exacerbations. It is used to decide the
need ofantibiotictherapy. See table9.2.

Table 9.2: Anthonisencriteriafor COPD exacerbation

Typel Typell Typelll

Three of: Two of: One of:

Increased Increased Increased dyspnea, sputum volume,
dyspnea, dyspnea, or sputum purulence

sputum sputum Plus, one of the following:
volume,and volume, or Upper respiratory infection
sputum sputum within past 5 days, fever

purulence purulence without other cause,

* Type |
benefitfi

increased wheezing,

increased cough, increasein

heart or respiratory rate by

20% compared with baseline.
requires escalation of treatment without addition of antibiotic. Type Il and IIl will
rom antibiotic therapy

The predictors of future exacerbationsriskare:

Two ormore exacerbationsinthe pastyear

History of hospitalizationdueto COPDinthe pastyear
Severe COPD equivalenttoGOLD 3 or 4
Increasedblood eosinophil count

Useof SABAalone

Noncompliance totreatment

Based onthe managementplan, COPD exacerbations are classifiedas shownintable 9.3:
Table 9.3: Severity of COPD exacerbationbased onmanagement plan

Need short acting bronchodilators only. Can be

Mild managed outside health care facility.

Need short acting bronchodilator plus antibiotics
Moderate and/or oral corticosteroids. Requires assistance of
health care facility.

Need intravenous antibiotics and corticosteroids.

Severe Requires hospitalization.
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Blood Eosinophil count:
A number of studies have shown that blood eosinophil counts predict the magnitude of the

effect of ICS in preventing future exacerbations and blood eosinophil counts are
recommended by GOLD to guide theuse of ICS as part of pharmacologicalmanagement.
Co-morbidities should be taken into account when assessing severity of the exacerbation.
Peak expiratory flow measurement is not useful in assessing the need for hospitalization in
COPD exacerbation.

Assessment of co-morbidities
COPD is a systemic disease as discussed elsewhere. These conditions can increase the risk

of hospitalizations and mortality in COPD. So co-morbid ilinesses should be looked for and
treated promptly.

The ABCD assessment tool
In2023 GOLD report, GOLD proposedafurther evolution of the ABCD combine assessment

tool that recognized the clinical relevance of exacerbation, independently of the level of
symptoms of the patient. Figure 9.4 presents unchanged Aand B groups, but Cand D groups
were merged into a single group termed “E" to highlight the clinical relevance of
exacerbations.

A new version of the ABCD tool should be used which separates spirometry classification
from patient's symptoms and history of exacerbations.’ For symptom assessment CAT"™
scoreisbetter.

( \V )
E >1 moderate or severe
\ J exacerbations in the

previous year

A B |L J

é mMRC N\ mMRC h ( )

Zero moderate or severe

exacerbations inthe
CAT < CAT 2 previous year

A U AN Y,

Figure 9.4:mMRC, modified Medical Research Council. CAAT, COPD Assessment Test.
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Chapter 10:

Additional Investigations

a-1Antitrypsin Deficiency
Although it is common in European whites, younger people (< 45 years) and with lower lobe

emphysema shouldbe screenedfor a-1antitrypsindeficiency.
InPakistan emphysemainyoung populationis commonindrugaddicts.’

Six- minute Walk Test
This test provides prognosticinformationand for monitoring of exercise capacityin COPD.”

Chest X-ray
Itisusefulinexcluding otherdiagnosis.

Radiological changesinclude (Figure 10.1)*
e Increaselungvolumes

. Flattened diaphragm

e Tubularheart

«  Hyperlucency oflungfields Bullae

Figure 10.1: COPD X-ray

CTScanChest™
Itis not routinely needed, but may be required if in doubt or to exclude bronchiectasis. It can

also berequested for screening of lung cancer, before surgical treatment of COPD. ACT scan
isalso essentialfor patients being evaluated for lung transplantation.

Expiratory CT scan chest may show air trapping; it is not currently considered standard of
careinthe diagnosisand management of mildto moderate COPD.

Arterial Blood Gas Analysis And Pulse Oximetry
Pulse oximetry should be used to screen for hypoxemia in stable disease with FEV1 < 50%

andinthe presence of clinical suspicion of hypoxemia.

ABGs can be requested in patients with SpO. <90%, having signs of hypercapnia, those with
severe COPD or signs of cor pulmonale. These patients may benefit from long term oxygen
therapy or noninvasive ventilation.

Completeblood count
COPD may be related to anemia of chronic disease or polycythemia, requiring proper

management.

Electrocardiogram
It can help in detecting underlying coronary artery disease, arrythmias or pulmonary

hypertension.

Lung Volumes’
COPD patients exhibit gas trapping (a rise in residual volume) from the early stages of the

disease, and airflow obstruction worsens, static hyperinflation (and increase in total lung
capacity) occurs, particularly during exercise (dynamic hyperinflation). These changes canbe
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documented by body plethysmography, or less accurately by helium dilution lung volume
measurement. These measurements help characterize the severity of COPD but are not
essentialto patientmanagement.

Carbon Monoxide Diffusing Capacity Of Lungs’ (DLco)
The single breath DLco measurement evaluates the gas transfer properties of the

respiratory system. DLco should be measured in any person with symptom (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, and increased risk of death independently on the severity of airflow
obstruction and other clinical variables. Additionally, in COPD patients, low DLco values help
preclude surgical lung resection in patient with lung cancer while in smokers without airflow
obstruction, values < 80% predicted (as a marker of emphysema) signal increased risk for
developing COPD overtime.

Composite Score
The BODE (Body mass index, Obstruction, Dyspnea, and Exercise) method gives a

composite score thatisabetter predictor of subsequent survivalthanany single component.

Biomarkers

At present blood Eosinophil counts ( 2 300 cells/pL) provide guidance to identify COPD
patients at higher risk of exacerbations and more likely benefit from preventive treatment
withinhaled corticosteroids.
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Chapter 11:

Differential Diagnosis

The maindifferential diagnosisincludes:

. Asthmaand Bronchiectasis

«  Tuberculosis and post-tuberculosis sequelae (Post TB obstructive airway disease is
discussedelsewhere)

»  HeartfailureandInterstitiallungdiseases

A careful history, clinical examination, and investigations can help rule out these close mimics

of COPD.

Key Differentiating Features:

Condition Age of Onset History Distinguishing findings
Sm?'glr:%::\tzry Fixed airflow
pd gs nea obstruction
COPD >35y ysp o (post-bronchodilator),
chronic . .
. minimal daily
productive L
variability
cough
Atopy, episodic | Significant reversibility
symptoms, (>400mL FEV1),
<35
Asthma y variability, peak-flow
non-smoker variability
Chronic sputum, | HRCT shows bronchial
Bronchiectasis Variable recurrent dilation, crackles,
infections sputum purulence
ower | Orthomnen | veted
. r . ,
Heart Failure adults ankle S'W€||Ing, BNP/NT proBNP,
fatigue .
echocardiography
Dry cough, Inspiratory crackles,
Interstitial Lung Middle- progressive restricted spirometry,
Disease older dyspnea, risk reticulonodular CT
exposures pattern

Source: Adapted from NICE guidelineNG115(2023)."
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Chapter 12:
Management Of Stable COPD

Bronchodilators are first line therapy for COPD. Pharmacologic management can reduce
symptoms, improve exercise capacity, reduce the risk of exacerbations, improve overall
health status and reduce mortality.

Theaim of COPD managementis toreduce symptomsand futurerisks (figure 12.1)
Goals for Treatment of stable COPD

Relieve symptoms

Improve exercise tolerance - Reduce Symptoms

Improve health status

And

Prevent disease progression
Prevent and treat exacerbation — Reduce Exacerbation

Reduce mortality

Figure 12.1: Goals for treatment of stable COPD.

Initial Pharmacological Treatment
Initial pharmacotherapy should be based onthe patient GOLD group (figure 12.2)

( GROUPE
LABA+LAMA*
CONSIDER LABA+LAMA+ICS* If blood eosinophil 2300

-
-

2

GROUP A GROUPB
Bronchodilator LABA +LAMA*

- J

*Single inhaler therapy maybe more convenient and more effective than multiple inhalers
Figure12.2:
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Following implementation of initial therapy, patient should be reassessed for attainment
oftreatment goals andidentification of any barriers for successful treatment.

Management Cycle

Review

¢ Symptoms

* Dyspnea.
* Exacerbation

Adjust Assess
* Escalate g |n|':ja|ertechmque
* Switchinhaler . ;Tjh
device or Molecule erence.
s Non-

® De-escalate .
pharmacological

\C %

Figure 12.3: Managementcycle.

Follow up pharmacological therapy is based on two key treatable traits: persistence of
dyspnea, and occurrence of exacerbations (Figure 12.4).

[ Follow-up Pharmacological Treatment 1
/l Dyspnea ‘\ / | Exacerbation l \
| LABAorLAMA | | LABAorLAMA |
l l " ‘ If blood Eos<300 if E0s>300
PR
! If blood Eos 2300
Eos2>

Consider switching
inhaler device or 100 —>|LABA+LAMA+ICS*

molecule. Eos<100
Implement or escalate

non-pharmacological Roflumilast || Azithromycin | | Dupilumab
treatment. Consider

adding Ensifentrine. FEV1<50% || Preferentially | | Chronic
Investigate other and chronic||in chronic bronchitis
causes of dyspnea

\ / @nchitis bronchitis

Figure 12.4:Follow-up treatment protocol

*Singleinhaler therapy may be more convenient and effective thanmultiple inhalers.
Consider de-escalation of ICS if pneumonia or other considerable side effects. In case of
blood Eos 2300 de-escalation is more likely to be associated with development of

exacerbation.
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Key Points:

«  Choice of inhaler device should be tailored individually (depending on access, cost,
prescriber, patient's preference and ability.

«  Teachinhalertechniqueandrecheckoneachvisit.

«  Check inhaler technique and compliance before changing medicines. Inhaled
bronchodilators are preferred over oral.

«  Theophylline is not recommended unless other long-acting treatment bronchodilators
arenotavailable orare unaffordable.

«  Longterm monotherapy with ICS is not recommended. Long term therapy with OCS is
notrecommended.

Reference
1.Global strategy for the diagnosis, management, and prevention of chronic obstructive
pulmonarydisease. 2025.
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Chapter 13:
Non-Pharmacologic Management Of COPD

SmokingPrevention And Cessation
Smoking cessation is the single most effective way to reduce the risk of developing COPD

and stop its progression. Even a brief, three-minute period of counseling to urge a smoker to
quit can be effective. This should be done for every smoker at each visit. Figure 13.1 details
the five As for counseling regarding smoking cessation.’

[ Ask } [About tobacco use

[ Advise } [Tobacco users to quit

[ Assist } [With the quit attempt

[ Assess } [Readiness to make a quit attempt J

[ Arrange } [Followupcare

Figure 13.1: The five As: brieftobaccointervention.
The prevalence of tobacco smoking in Pakistan as per World Health Organization's report on
the globaltobacco epidemic, 2017 is shown below (Table 13.1):

Table 13.1: Tobacco use datafromthelatest surveyasat 31 December 2016:

Youth tobacco use Adult tobacco smoking |Adult cigarette smoking
Prevalence | Current Current
(%) tobacco use| cigarette Current Daily Current Daily
smoking
Male 13.3 4.8 22.2 20.6 19.4 17.9
Female 6.6 0.9 2.1 2.0 1.0 1.0
Total 10.7 3.3 12.4 11.5 10.5 9.6

Youth: Global Youth Tobacco Survey, 2013: National, ages 13-15 Adult: Global Adult Tobacco
Survey (GATS), 2014: National,ages 115+

Comprehensive tobacco control policies and programs with clear, consistent, and repeated
nonsmoking messages should be delivered through every feasible channel. Legislation
should beimplemented to establish smoke-free schools, public places and transport.

There is a misperception of using chewable tobacco (like snuff: naswar) or e- cigarettes
to help in quit attempts. These are not recommended and should be discouraged.
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If effective time and resources are dedicated to smoking cessation, long-term quit rates of
592

14% to 27% have been reported.”™ The combination of counseling and pharmacotherapy is
the most effective smoking cessation treatment for the people with COPD.

Indicators Of High Nicotine Dependence:

. Smoking within 30 minutes of wakingup

«  Smokingatnight

«  Consuming220cigarettes perday

«  Ascoreof7-10onthefagerstromscale or 5-6 onthe Heaviness of Smoking Index.*

5

Control Of Occupational And Indoor Pollution
Indoor pollution due to burning of wood and coal to keep houses warm in winter and use of

biomass fuel in stoves should be minimized and measures should be taken to reduce
exposure as by cookinginopenairratherthanaclosedkitchen, having separate cookingarea,
making chimneys etc.
Exposuretoirritant particles and gases should also be avoided at work place.

Climate Changeand COPD
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 with cold leading to a greater risk
thanheat.”

The mechanism 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, patient 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
trytokeepliving spaces < 32 °C and sleeping spaces < 24°C asrecommended by WHO®*

Pulmonary Rehabilitation
The main goals of pulmonary rehabilitation are to increase overall resources of the patient, to

reduce handicap caused by iliness or disability and to allow integration of patient in society.
Thiscanbedoneby:

1. ExerciseTraining’
In patients with mild to moderate COPD, suitable exercises are walking, cycling and

swimming. Daily exercise should be done for about 30 minutes; it may be divided into 2 -3
phases or till the patient gets out of breath. In severe COPD, it should be done to improve
strength and endurance of muscles. This should involve respiratory, abdominal, back, head,
neckandlimbstoimprove quality oflife.

2. Nutritional Counseling’
Low BMlisanindependentrisk factor for mortality in COPD patients. Increased calorieintake

should be accompanied by regimens with anabolicaction. Onthe other side obese individuals
have greater levels of breathlessness and impairment of activity. Well-balanced diet is
recommended.
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3. Education
Educate regarding disease, its progressive nature, smoking cessation, drug treatment and
howtomanage exacerbations.

Self-Management AndIntegrative Care
The aim of self-management interventions, is to motivate, engage, and coach patients to

positively adopt their health behaviors and develop skills to better manage their COPD on
day-to-bases’™. COPD is a complex disease that requires the input of multiple health care
providerswho needtoworktogether closely.

Vaccination"’
People with COPD are at higher risk of respiratory infections, which can lead to

exacerbations, hospitalizations, and increased mortality. Vaccination plays a key role in
preventingthese complicationsandisrecommendedinline withlocal guidelines.

1. InfluenzaVaccine

« Annualinfluenzavaccinationisrecommended forall COPD patients (Evidence B).

« Vaccinationreduces serious outcomes such as lower respiratory tract infections, stroke,
anddeath.

« Vaccines containing either killed or live inactivated viruses are effective; high-dose
inactivated (HD-1IV3) and adjuvanted inactivated (allV3) forms are preferred in older
adults.

+ Long-terminfluenza vaccination is associated with reduced ischemic heart disease risk
in COPD patients.

2. Pneumococcal Vaccines

Recommended Vaccines:
«  PCV200rPCV15(pneumococcal conjugate vaccines)
. PPSV23 (pneumococcal polysaccharide vaccine)
Indications:
e Adults265years
o Adults aged 19-64 with chronic lung disease (e.g., COPD), smoking history, or
othercomorbidities
Newer Vaccines:
«  PCV21 (recently FDA-approved) covers 11 additional serotypes not in PCV20
and protectsagainst 84% ofinvasive strains.

Recommendations:
«  One dose of PCV21 or PCV20, or PCV15 followed by PPSV23, based on prior
vaccination statusandage (Evidence B).

Effectiveness:
. Pneumococcal vaccination reduces the risk of community-acquired pneumonia

and COPD exacerbations.
«  PCV13showedpersistent effectiveness over 5 years in reducing pneumonia and
exacerbations comparedto PPSV23.
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OtherRecommended Vaccine (Table 13.2)

Vaccines Indications Evidence level

COVID-19 (SARS- As per WHO/CDC guidance B
CoV-2)
RSV (Respiratory Adults = 60 years and those with chronic A
Syncytial Virus) heart/lung disease
Tdap (Tetanus,
diphtheria, Adults with COPD not vaccinated in adolescence B
pertussis)
Zoster (Shingles) COPD patients > 50 years B
Oxygen Therapy’

The long-term administration of oxygen (>15 hours per day) to patients with chronic
respiratory failure has been shown to increase survival in patients with severe resting
hypoxemia.768 Ekstrom and colleagues reported that among patients with severe
hypoxemia agreeing to participate ina study long-term oxygen therapy used for 24 hours per
day did not result in a lower risk of hospitalization or death within one year compared to
therapy for 15 hours per day, but the generalizability of this findingis unclear.

Supplemental Oxygento COPD Patients (Figure 13.2)

Pa0z < 55 mmHgor Sa0;< 88%
Or

Paoz> 55 but < 60 mmHg with right

$

Prescribe supplemental oxygen and
titrate to keep oxygen saturation 2
90%.

$

Recheck in 60 to 90 days to assess:

e |[fsupplemental oxygenis
still indicated
e [fprescribed supplemental

Figure 13.2: Algorithm for prescription of supplemental oxygen Non-Pharmacological
Treatmentof COPD*:Figure 13.3
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Patient Group m Depending on Local Guideline

Smoking cessation

Physical activity

Influenza vaccination
COVID-19 vaccinations

Pertussis vaccination
Shingles vaccination
RSV vaccination

Smoking cessation

Pulmonary
Rehabilitation

Physical activity

Influenza vaccination
COVID-19 vaccinations

Pertussis vaccination
Shingles vaccination
RSV vaccination

Ventilatory Support

Noninvasive ventilation by using BiPAP can be helpful in some stable patients with severe

COPD todecrease work of breathing or to reduce daytime hypercapnia.

InterventionBronchoscopy And Surgery’

Advanced COPD provide potential targets for interventional and surgical treatment to

alleviate dyspnea, reduce cough, and mucus production andimprove quality.

The algorithm given below (Figure 13.3) is adapted from GOLD guidelines 2025. But most of

thesetherapiesare currently notbeingdonein Pakistan

l

Surgical and Bronchoscopic Interventions (Figure 13.3) J

=

)

Symptoms Chronic mucus || exacerbations Dyspnea
production
Disorders Chronic Acute and chronic Bulla
Bronchitis bronchitis Emphysema
Bulla Tracheobronchomalacia
Emphysema .
Tracheobronchomala
cia.
Surgical and Nitrogen- Targeted lung Giant bullectomy
Bronchoscopic Cryospray. Denervation Large airway stenting
interventions Rheoplasty /
LVRCoil
Thermal vapor ablation
Lung sealant
LVRS
\ Lung transplantation

LVRS: Lungvolumereductionsurgery

EBV:Endobronchialvalve

LVRC:Lungvolumereduction coil

VA:Vaporablation

Figure 13.3: Algorithm for surgical management of advanced COPD. Adapted from GOLD

COPDguidelines 2025
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Bullectomy
Reductions in dyspnea, and improvements in lung, respiratory muscle, and cardiac

performance, as well as exercise tolerance have beenreported. Blood or thrombininstillation
may be effectiveinthose unfitforresection.

Lung Volume Reduction Surgery
With LVRS, most of the emphysematous portions of the lungs are resected to reduce the

hyperinflation that resultsinimprovements of FEV1, walking distance, and quality of life. Post
operative BODE is a predictor of survival following LVRS. To achieve successful outcomes, a
multidisciplinary team is key to select potential patients for LVRS patients and coordinate
postoperative care.

Lung Transplant
Criteriaforreferraltolungtransplant centerinclude:’

. COPD with progressive disease, despise maximal medical treatment.
«  NotcandidateforLVRS.

- BODEindex5-6

« PaCO2>55mmHg

« PaO2<60mmHg

« FEV1<25%

1n April 2023, Pakistan's first Lungs Transplant Unit was inaugurated at the Pir Abdul Qadir
Shah Jilani Institute of Medical Sciences in Gambat (Khairpur, Sindh)—also known as the
Gambat Health City & Lung Care Center. This marks the first official facility for lung transplant
servicesin Pakistan but widespread clinicalfacilities are not yet available.

The median survival post transplantation for COPD is 5.9 years. Two unique native lung
complications have been proposed to account for the superiority of double lung
transplantationin patients with COPD, native lung hyperinflationand lung cancer occurrence
innativelung.

The complications most seenin COPD patients afterlungtransplantations are:
»  Acuterejection

«  Bronchiolitis Obliterans

»  Opportunisticlnfections

. Lymphoproliferative diseases

BronchoscopicInterventions’
Due to the morbidity and mortality associated with LVRS, less invasive Bronchoscopic

approachestolungreduction have been examined.
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)

Surgical and Interventional Therapies in advanced Emphysema (Figure 13.4) ]

\

Emphysema predominant phenotype

™

Not candidate for bullectomy,

with hyperinflation ELVR, LVRS.
[ ] |
~
Bullectomy Heterogeneous Homogeneous Lung
emphysema emphysema Transplant
-collateral +collateral -collateral +collateral
ventilation or ventilation ventilation or ventilation
Fissure or fissure fissure or fissure
integrity + integrity - integrity + integrity-
L grity \_ grity
T v v
—————\
ELVR ELVR (EBV, T_I\-X;:: VA) (Lvilz\:/ri/A)
(EBV,LVRCVA) (LVRC, VA) LVRS LVRS
LVRS LVRS L
—

Figure13.4
Collateral ventilation measure by chartis. Fissure integrity + > 90% by HRCT; Fissure integrity

- < 90% by HRCT. ELVR; Endoscopic lung volume reduction, EBV; endobronchial valve, VA;
Vaporablation. LVRC; Lung volume reduction coil. LVRS; lung volumereduction surgery

Palliative and End-of-Life Carein COPD’
End oflife/ palliative careisanimportant considerationin patients withadvanced COPD. Main

goalsaretoreduce sufferingand provide best quality of life for patients and their families. The
discussion should focus disease course and prognosis, advanced healthcare directives, and
strategies to relieve symptoms. Hospice care, a model for delivery of end-of-life care for
patientswho are terminallyilland predicted to have lessthan 6 monthstolive.

Effective management of COPD should include palliative care strategies aimed at relieving
symptoms and improving quality of life. Healthcare providers should be knowledgeable
aboutthese approachesandintegrate theminto clinical practice (Evidence D).
Conversations around end-of-life care are essential and should involve the patient and their
family, covering topics such as resuscitation preferences, advance directives, and preferred
place of death (Evidence D).

To ease breathlessness, various interventions such as opioids, neuromuscular electrical
stimulation (NMES), oxygen therapy, and the use of fans to direct airflow toward the face can
be beneficial (Evidence C).

In patients who are malnourished, nutritional support should be considered to enhance
respiratory muscle strength and overallhealth (Evidence B).

Fatigue management in COPD may benefit from a combination of self- management
education, pulmonary rehabilitation, nutritional support, and mind-body therapies
(Evidence B).
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Chapter 14:
Management Of COPD Exacerbation

Exacerbation of COPD is defined as an event characterized by increased dyspnea and/or
coughand sputum that worsensin < 14 days which may be accompanied by tachypneaand/or
tachycardia and is often associated with increased local and systemic inflammation caused
byinfection, pollution, or otherinsult to the airway.

The conditions that mimic COPD exacerbationare:
. Pneumonia

. Pneumothorax

«  Corpulmonale

e PulmonaryEdema

«  Myocardial Infarction, Arrhythmia
e Pulmonary Embolism

. Upperairway obstruction

. Pleural Effusion

Exacerbation severityis assessed by using Anthonisen criteria, as detailedin chapter.’

Investigationsthatare neededinclude:
« CBC,CRP,andDdimer.

e SputumgramstainandC/S.

«  SputumAFBsmear, C/S,and Gene Xpert.

»  Serumureacreatinine, Electrolytes

«  Arterialbloodgases, Peak Expiratory Flow Rate.
«  ChestX-ray, CTPA.

« ECG,ECHO,andNT-proBNP.

Classification of COPD Exacerbation Severity’
When evaluating a patient with suspected COPD exacerbation, itisimportant to confirm the

diagnosis and assess the severity of the episode while also considering alternative diagnoses
suchasheartfailure, pneumonia, or pulmonary embolism.

Mild Exacerbation:
«  DyspneaVisual AnalogScale (VAS) scorelessthan5

. Respiratoryrate (RR) under 24 breaths per minute

«  Heartrate (HR)below90bpm

«  Oxygen saturation (Sa0.) 2 92% on room air or baseline oxygen use (with <3% change
frombaseline, ifknown)

+  C-reactiveprotein (CRP)<10mg/L (if measured)

Moderate Exacerbation (requires 23 of the following):
« DyspneaVAS 25

. RR 224 breathsperminute
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« HR290bpm
«  Sa0:<92% onroomairorbaseline oxygen (with 23% drop from known baseline)
« CRP210mg/L
»  Arterialblood gases (ABG), if taken, may show:
«  Hypoxemia(PaO,<60mmHg)and/or
«  Hypercapnia(PaCO, > 45 mmHg)without acidosis

Severe Exacerbation:
e Clinical indicators same as moderate, but ABG reveals worsening hypercapnia and

acidosis (PaCO,>45mmHgandpH<7.35)

Following severity classification, it's essential to determine the underlying etiology through
investigations suchasviral panels, sputum cultures, or otherrelevant tests.

The table below (Table 14.1) enlists the indications to treat AECOPD at home and for hospital
admission.

Table 14.1: Indications for hospitalization versus treatment at home of COPD

exacerbation.
Treat at Home Treat in Hospital

Ability to cope at Yes No
home
Dyspnea Mild Severe
General condition Good Poor and worsening
Level of activity Good Poor
Cyanosis No Yes
Worsening peripheral No Yes
Edema
LeYel of Normal Impaired
consciousness
On supplemental
oxygen No Yes
Social support Good Not coping oralone
Acute confusion No Yes
Changes on Chest
9 No Yes
X-Ray
Rapid rate of onset No Yes
Arterial Ph =7.35 <7.35
PaO2 =52 mmHg <52mmHg

Treatment for AECOPD Treated AtHome
1. Addorincrease dose of bronchodilator, metered dose inhalers are preferred with spacer

device. Dose of salbutamol is 2 puff hourly (100 mg/puff) then 3 — 4 hourly. Ipratropium
bromide 2 puff4 hourly (20—-40mg) can be added.

2. If response is not adequate add 200 — 400 mg twice daily of sustained release
theophylline.
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Add antibiotic if any evidence of infection. Amoxicillin + clavulanate can be a good first
line option. Other antimicrobials that can be used are respiratory quinolones and
macrolides.

Oral steroids are not recommended in mild exacerbations but can be prescribed for
more severe symptoms andthe doseis 30mg/day for one week.

Management of AECOPD At Hospital

1.

10.
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Give controlled oxygen. Use Venturi mask or nasal cannula. Target SpO2 level is 88 -
92%.

Get ABGsinfirsthourandwithinone hour of changeinFIO2.

Start bronchodilators. The dose of salbutamol is 5 mg (1ml) diluted in 2 = 3 ml normal
saline * ipratropium bromide 500 pg. Metered dose inhaler can be used as an alternate.
Salbutamolup to 6 to 8 puff every halfhourand/oripratropium bromide 6 to 8 puffs every
3to4hourscanbeusedif nebulizeris notavailable. f PEFR is 200 L/minor FEV1is 500 ml
thencompressordrivennebulizeris preferred.

Hydrocortisone 250 mgintravenous stat dose then 100 mgintravenous 8 hourly. Switch
to oral 30—40 mg/day preferably as single morning dose when patientis able to take it by
mouth. Therapy canbe givenforupto 14 days.

Start antibiotic. Respiratory quinolones, amoxicillin-clavulanate or 2nd or 3rd
generation cephalosporin is preferred. Gam negative infection is more common in
severe COPD so ciprofloxacinor 3rd gen cephalosporinare given.

Theophylline has a narrow therapeutic index and has major drug interactions with other
drugs like erythromycin, so it should be used with caution. If patient has not taken it in
last 24 hours give loading dose. It should be given over 30 minutes followed by a
maintenance infusion at the rate of 0.5mg/kg/hour. Higher doses up to 0.9 mg/kg/hour
canbeusedinchildren, youngadults and smokers. Use smalldoses of 0.25 mg/kg/hour if
status of prior theophylline useis doubtful.

Loading dose = Required plasma concentration x volume of drug distribution

=10 mg/L x body weightin kg x 0.5

Get ABGs after 1 hour of full medical management. Shift the patient to intensive care
unit (ICU) if condition continues to deteriorate or ABGs worsened. Patients with
hemodynamic instability or those planned for invasive mechanical ventilation should be
managedinICU. ICU admission may not be appropriate for patients with poor functional
statusorendstagelungdisease.

Consider prophylaxis for venous thromboembolism.

Keep adequate fluidand nutritional balance.

Patients must be stratified into 5 treatment escalation groups on admission and
managed accordingly particularly inresource constraint settings:

a. Requiringimmediateintubationandventilation

Suitablefor NIV and suitable for escalation tointubation

Suitable for NIV but not suitable for escalationtointubation

Not suitable for NIV but for fullactive medical management

©c a0 @

Palliative care agreed as most appropriate management




11. Airway clearance by physiotherapy techniques, like manual percussion, the use of
electrical percussor, coughassistmachine, acapelladevice, vibrationvest etc.

Ventilatory Support’
The main aim of ventilator support in patients with AECOPD is to reduce morbidity and

mortality and to relieve symptoms. Both noninvasive and invasive mechanical ventilation can
be used. NIV should be the preferred first line mode of ventilation for patients in acute
respiratoryfailure.

Indications for Noninvasive Mechanical Ventilation (NIV)
NIV should be initiated in patients with COPD exacerbations if any of the following are

present:

«  Respiratoryacidosis,indicatedbyaPaCO, > 6.0kPa (45 mmHg)and arterialpH< 7.35.

« Severe dyspnea with signs of respiratory muscle fatigue or increased work of
breathing—such as use of accessory muscles, abdominal paradox, or intercostal
retractions.

»  Persistenthypoxemiadespitereceiving supplemental oxygen.

Indications for Invasive Mechanical Ventilation
Invasive ventilationis warranted under the following conditions:

»  Failuretotolerate orrespondtoNIV.

. Cardiacorrespiratoryarrest.

»  Reducedconsciousness oragitationnot manageable with sedation.

«  Massiveaspiration orongoing vomiting.

« Inabilitytoclearrespiratory secretions.

«  Severecirculatoryinstability unresponsive to fluids or vasoactive medications.
»  Presenceof seriousarrhythmias (ventricular or supraventricular).

«  Severe,life-threateninghypoxemiainthose who cannotundergo NIV.

NIV with face mask should not be giveninfollowing conditions:
Respiratoryarrest

Cardiovascularinstability (arrhythmias, hypotension, myocardial infarction)
Alteredlevel of consciousness—BiPAP can be used with caution
Uncooperative patient

Risk of aspiration

Copious secretion

Craniofacialtrauma

Nasopharyngeal abnormality.

© N ;s W e

The decision to use invasive ventilation in end stage COPD is influenced by patients' wishes
andlikelihood of reversingthe acute event.

BiPAP through endotracheal tube can be used in patients not fit for invasive mechanical
ventilation.'Many patientsrespondto this treatment as most of the timeitis the lack to clear

airways of copious viscous secretions, which can be easily handled by endotracheal tube.
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Discharge Criteriaand Follow-up Recommendations.’

CriteriaBefore Discharge
Before discharginga patient, the following steps should be completed:

1.

2.
3.
4

o

Conductathoroughreview of allclinicalassessments andlaboratoryresults.
Confirmthe patient'sunderstandingand correct usage of maintenance therapy.
Re-evaluate the patient'sinhalertechnique.

Assess the need to discontinue any short-term medications, including steroids and/or
antibiotics.

Determineifthereisanongoingneedfor supplemental oxygen.

Develop a clear management plan addressing existing comorbidities and necessary
follow-up.

Arrange for follow-up visits, including an early follow-up within 4 weeks and a later
follow-up before 12 weeks, dependingonthe patient's condition.
Ensureall clinical concerns and abnormalinvestigation findings have been addressed.

Follow-up Timeline

1to4WeeksPost-Discharge

Assessthe patient's ability to functionin their usuallivingenvironment.
Reconfirmtheirunderstanding of the treatment plan.
Reassessinhalerusageandtechnique.

Evaluate the ongoing need for oxygentherapy.

Review physical functioning and consider referral for pulmonary rehabilitation if
appropriate.

Record symptoms using standardized tools like the CAT (COPD Assessment Test) or
mMRC (Modified Medical Research Council) scale.

Document the presence and management of any comorbid conditions.

12to 16 Weeks Post-Discharge

Reassessthe patient'sadaptationto theirnormal environment.

Review comprehension ofandadherence to the treatmentregimen.
Reevaluateinhaler use.

Recheckthe needforlong-term oxygentherapy.

Assessdaily physical activity and the ability to carry out everyday tasks.

Conduct spirometry, particularly FEV1 (Forced Expiratory Volume in 1 second), to
evaluatelungfunction.

Document symptoms usingthe CAT ormMRC tools.

Review and documentany comorbid conditions.

Key Differences Between Early And Late Follow-Up:
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Timing: 1-4 weeks is an early safety net to catch problems soon after discharge; 12— 16
weeks assesseslonger-termdisease control.

Depth: The later follow-up includes objective testing (spirometry) and focuses on
functionalintegrationinto daily life.

Goal: The early visit ensures the patient is coping; the late visit ensures the treatment is
effectiveandsustainable.




[ Interventions that reduce the frequency of COPD Exacerbation (Figure 14.1)

N

J

Intervention Class Intervention

. LABA, LAMA

Bronchodilators LABA + LAMA
LABA +ICS

Corticosteroid containing regimens
LABA+LAMA +ICS

Roflumilast

Anti-Inflammatory (non-steroid) Dupilumab

Vaccines

Anti-infectives Long term macrolides

Long term macrolides
N-acetylcysteine
Carbocysteine
Erdosteine

Mucoregulators

Smoking cessation
Rehabilitation
Lung volume reduction
Various others Vitamin D
Shielding measures (mask wearing,
minimizing social contacts, frequent
hand washing)
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Chapter 15:
Drugs Used In COPD

Bronchodilators remain the mainstay of pharmacologic management of COPD. They
increase FEV1 and/or change other spirometry variables. But their dose-response curve is
flat so dosing is not based on spirometry response. Bronchodilators alter airway smooth
muscle tone and tend to reduce dynamic hyperinflation, and improve exercise performance.
Toxicityis dose dependent.

There are three main classes of bronchodilators:
«  Betaagonist

«  Anticholinergics

«  Methylxanthines

Table 15.1: shows formulations of commonly used B-agonists.
Table 15.2: shows formulations of commonly usedanticholinergics.

Table 15.3: shows formulations of methylxanthines.

A number of fixed-dose combinations of B-agonists and anticholinergics are available. See

table 15.4.

Table 15.1 Formulations of commonly used betaagonists.

Solutllonfor Vialsfor Durationof
Drugs Inhaler(mug) nebulizer Oral P .
injection action
(mg/ml)
Short-acting
X ~ 2.5mg pill ~
Fenoterol 100-200 MDI 1 0.05% syp 4-6 hours
Levalbuterol 45-90 MDI 0.1,0.21,0.25 6-8 hours
2,4,5 mg pill
100-200 MD, i 0.1mg 4-6 hours
Salbutamol DPI 1,2,2.5,5 8mgER pill 0.5mg 12 hours ER
0.4mg syp
Terbutaline 500 DPI 2.5, 5mgpill .2,.25,1mg 4-6 hours
Long acting
Formoterol 4.5-9DPI .01 12 hours
Indacaterol 75-300 DPI 24 hours
Olodaterol 2.5, 5SMI 24 hours
Salmeterol 25-50 MDI, DPI 12 hours

DPI; Dry powderinhaler. MDI; Meter dose inhaler. SMI; Soft mistinhaler.
Side effects of beta agonists Sinus tachycardia, tremors, and hypokalemia show
Tachyphylaxis




Table 15.2: Formulations for commonly used anti-cholinergic

Inhalers Solutlo_n for Vial for Duration of
Drugs . nebulizer Oral L .
Micro gram injection action
mg/ml
Short acting
Ipratropium 20,40 MDI 0.2 6-8 hours
bromide
Long acting
Aclidinium Br. 400 MDI/DPI 12 hours
Glycopyrronium | 15.6, 50 MDI 1mg 0.2mg 12-24 hours
) . 18 DPI
Tiotropium 2.5,5SMI 24 hours
Umeclidinium 62.5DPI 24 hours

DPI: Dry powder inhaler. MDI: Meter dose inhaler. SMI: Soft mist inhaler Side effects of

anticholinergic: Dry mouth, bitter taste

Figure 15.3: Formulations of Methylxanthines

Drugs Oral

Vial for injection

Duration of action

Aminophylline 105 mg/ml

250, 500mg

Variable up to 24 hours

Theophylline SR 100-600mg pill

250, 400, 500 mg

Variable up to 24 hours

Side effects of methylxanthines: Palpitations, atrial and ventricular arrhythmias, grand mal
seizures. headache, nausea, insomnia, heartburn. Toxicity is doserelated.

Table 15.4: Fixed-dose combinations of B-agonists and anticholinergics are available.

Drugs Inhaler Solutio_n for Duration of
nebulizer action
Fenoterol/ipratropium 50/20 SMI
100/20 SMI
Salbutamol/ipratropium 75/15 MDI
Formoterol/aclidinium 12/400 DPI
Formoterol/glycopyrronium 9.6/14.4 MDI
Indacaterol/glycopyrronium 27.5/15.6 DPI
Vilanterol/umeclidinium 25/62.5DPI
Olodaterol/tiotropium 5/5SMI

Glucocorticosteroids

Oral steroids should be avoided, if possible, in stable COPD. Systemic steroids may be used
for short-termtreatment(7-14 days) during exacerbations.
Inhaled corticosteroids (ICS) have modest bronchodilator effect. They reduce exacerbation

severity andfrequency.

Drugs commonly usedare:
Inhaled corticosteroids:

Beclomethasone 500 pgtwiceaday
Triamcinolone 400 pgtwiceaday
Budesonide 400 pgtwiceaday
Fluticasone 100-500pugtwiceaday
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Oral corticosteroid:
Prednisolone........ccoviiierieeniininieeeee e 30mg/day

Combination oflongacting B —agonistandinhaled corticosteroids are available:

Formoterol/beclomethasone..........ccccccevruennee. /100MDI&DPI
Formoterol/budesonide........cccccuvverrceernieennnennne /160,4.5/80MDI
9/320,9/160DPI

Formoterol/mometasone........ccccevcevrieeriiennnennne /100,10/400MDI
Salmeterol/fluticasone......cccccceecmeeeeeeeecceccnnnens /100,50/250,5/500DPI
21/45,21/115,21/230MDI

Vilanterol/fluticasone furoate.........ccoccvvieveeene /100DPI

Side effects of steroids: Increased risk of osteoporosis, cataract, adrenal suppression,
hypertension, diabetes, obesity, skin thinning, muscle de-conditioning, reactivation of
tuberculosis.

Tripple fixed doseinhaler combination (ICS+LAMA+LABA)
Fluticasone furoate+ Umeclidinium+ Vilanterol (100/62.5/25)

Phosphodiesterase4inhibitors
Roflumilastis the PDE-4 inhibitor currentlyinuse. Itis 500 ug pill, to be taken orally once a day.

Ithas nodirectbronchodilatoractivity; it reducesinflammation.

Roflumilast PDE4X Increasedthelevel of cAMP —{~ inflammation

Figure 15.2: Mechanismofaction of roflumilast.
Side effects of roflumilast: Diarrhea, nausea, decreased appetite, abdominal pain, weight

loss, headache and sleep disturbance.

Vaccines
Discussedinchapter13.

al-antitrypsinaugmentationtherapy
Itis not available in Pakistan. Intravenous therapy is indicated in patients with al-antitrypsin

deficiency who have progressive diseaseand FEV1 > 65%.

Antibiotics
Azithromycin 250 mg/day or 500 mg three times per week for 1 year may reduce

exacerbationrisk. Clarithromycin 250mg /day inadvanced COPD having bronchiectasis.

Mucolytics
Carbocisteine, N-acetylcysteine, and Erdosteine can be used, they may reduce

exacerbations.

Antitussives
Despite the high prevalence of chronic cough in COPD, the GOLD 2025 report does not

recommend the use of antitussives (e.g. dextromethorphan, codeine) in the routine
management of COPD. Chronic cough in COPD is typically related to airway inflammation,
mucus production, andairflow limitation, rather thanisolated coughreflex hypersensitivity.
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Management should therefore focus onaddressing underlying pathophysiology using:

. Bronchodilators (LABA, LAMA)

«  Anti-inflammatoryagents (ICS, roflumilast)

«  Mucolytics(Carbocisteine, N-acetylcysteine)

«  Targetedbiologics (e.g. dupilumab for eosinophilic phenotype)

Antitussives are notincludedin GOLD algorithms due to lack of supporting evidence and the
concern that suppressing protective cough may lead to mucus retention. In cases of severe
or unexplained cough, alternative diagnoses such as GERD, post-nasal drip, or medication
side effects should be considered.

New Pharmacologicagentsin COPD:

Ensifentrine
Ensifentrine is a novel first-in-class dual inhibitor of phosphodiesterase-3 (PDE3) and

phosphodiesterase-4 (PDE4), combining bronchodilator and anti-inflammatory properties.
It is administered via nebulization, showing improvement in lung function, symptoms, and
quality of life in patients with moderate to severe COPD.

Mechanism of Action:
. PDE3inhibitionleads to bronchodilation

. PDE4 inhibitionreducesinflammation
. Resultsinincreasedintracellular cAMP, smooth musclerelaxation,and reduced cytokine
release

Formulation:
«  Nebulized solution: Ensifentrine 3 mgtwice daily

Side Effects:

«  Cough,nasopharynagitis, headache, diarrhea

Ensifentrine may be considered for patients with persistent symptoms despite standard
therapy, especially thatintolerant to orineligibleforICS use.

Dupilumab
Dupilumab is a monoclonal antibody that targets the IL-4 receptor alpha subunit, blocking

the signaling ofIL-4 and IL-13, key cytokinesintype 2 inflammation.

Indications:
«  Approved for use in COPD patients with evidence of eosinophilic inflammation (e.g.,

blood eosinophils 2300/pL)
*  Reducestherateandseverity of exacerbations

Formulation:
«  Subcutaneousinjection: 300 mgevery 2 weeks
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Side Effects:

. Injection sitereactions, conjunctivitis, eosinophilia, headache

Dupilumab represents a new targeted therapy for a biomarker-defined subgroup of COPD
patients withtype 2 inflammation.

References:
Global strategy for the diagnosis, management, and prevention of chronic obstructive
pulmonarydisease. 2025.




Chapter 16:
Air Travel In COPD

COPD patients should be informed about the “fitness to fly” concept and patients with
moderate-to-severe disease need to be assessed for possible risk factors for in-flight
hypoxemia before flying."” Figure 16.1 shows pathophysiological changes during air travelin

COPD patient.

Decreased cabin Decreased

pressure

PiO,

Decreased
PAO:

Decreased
PaO,

Hypoxic ventilatory
response

Pulmonary

vasoconstriction

Decreased o,

delivery
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Increased PVR

[ Increased HR ]
B

Inc. intrinsic PEEP

Increased PAP

f—lﬁ

Increased CO

;I—)

Inc. work of
breathing

Increased RV
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Accumulation of
CO,demand

afterload O,demand
Worsen RV Worsen RV
function

function

Figure: 16.1: Pathophysiologic changesin COPD patient duringair travel

CO: Cardiac output; HR: Heart rate; MV: Minute ventilation; PAO2: Partial pressure of oxygen
in alveoli; PaO2: Partial pressure of oxygen in arterial blood; PAP: Pulmonary artery pressure;
P1O2: Pressure of inspired oxygen; RV: Right ventricle; WOB: Work of breathing
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Following algorithm can be used for assessment of fitness to fly in COPD patient (Figure

16.2).
[ Evaluation ]

[ OnLTOT ] Pa02<70mmHg Pa0O2>70mmHg

/\ Sp02<95% Sp02295%*

v
[ on >gL/m|n J [ s4|gm|n ] [ Hypoxic challenge test }H High risk**
2 2

PaO,>50

Unfit to fly Canflywith | [Pa0,<50mm .
H mmHg Fit to fly
supplemental g
oxygen Sp0,<85% | | SpO,285

Can fly with
supplemental
oxygen

Figure 16.2: Algorithmforassessment offitness toflyin COPD patient

* Resting SpO2 >95% combined with a 6-min walk test SpO2 >84% has a sensitivity of 100%
and specificity of 80% for fitness tofly

** Dyspnea on exertion, forced expiratory volume in 1 second <1.5L or <30% predicted, a
pre-existing requirement of oxygen or ventilator support, bullous lung disease, comorbid
conditions that may worsen hypoxemia like cardiac disease and significant symptoms during
previous air travel. For high-risk patients do hypoxic challenge test and follow the algorithm.
The safe threshold for oxygenation is to keep PaO2 >50 mmHg and SpO2 285% during the
flight.

Problems Other Than Hypoxia
Jet lag: general advice and treatment options for jet lag (sleep hygiene, melatonin, etc.) are

alsovalid for COPD patient.

Coagulation activation: the risk increases after 4 h and peaks at 8 h. Patients with low risk
shouldbewarnedtoavoidtight clothing below the waist and try to rehydrate during the flight.
Moving along the aisle may be an option for patients without risk of desaturation. If the
patient has a risk of desaturation, below knee compression stockings and calf stretching
exercises while sitting may be a safe alternative. Patients with high risk of thromboembolism
(previous venous thromboembolism history, known active malignancy, known
thrombophilia, and major surgery within 6 weeks) should ask for individual help for
prophylacticlow molecular weight heparin.

Risk of infection transmission: Patients should be warned, especially for outbreaks of RSV
(SARS), and shouldbe advised to postpone travelif necessary.
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Chapter 17:

Post-TB Chronic Obstructive Pulmonary Disease

Pakistan is ranked fifth among high burden TB countries globally and it accounts for 61% of
the TB burden in the WHO Eastern Mediterranean Region. TB is now recognized as a risk
factor for developing chronic obstructive airway disease.’

Patients of pulmonary tuberculosis may develop airflow obstruction either during the active
phase or post-treatment phase ofthe disease.

A study from Pakistan revealed that 55.3% of treated pulmonary TB patients with dyspnea
had an obstructive ventilatory defect.’ Patients with COPD secondary to TB have been
shown to have significantly low forced expiratory volume in one second, higher airway
resistance, and poor positive bronchodilator response (27% vs 82%) than only COPD
patients.’ These patients are also at risk for more frequent exacerbations of obstructive
airwaydisease.’

The exact mechanism of airway obstruction in post-tuberculosis patients is not clear.
Followingmechanisms have been proposed:’

. Bronchiectasis

«  Bronchiolar narrowing

«  Bronchiolitis obliterans

»  Acceleratedemphysematous changes

Figure 17.1: showsthe mechanism ofairflow obstruction due tuberculosis.

Bronchiectasis

Small airway Destruction of
obstruction ECMby

secretionsof
MMPs

Chronic
airflow
obstruction

Figure 17.1: Mechanism of airflow obstruction due tuberculosis. ECM: extracellular matrix,
MMPs: matrixmetalloproteinases

Treatment for chronicairflow disease due to tuberculosis is the same as that of COPD.°

COPD andtuberculosis are major health problemin developing countries. Early diagnosis and
appropriate treatment of tuberculosisis emphasizedto reduce the future burden of COPD.
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Chapter 18:
Artificial Intelligence in Pulmonology and COPD Care

Introduction
Artificial Intelligence (Al) refers to computational systems capable of tasks that traditionally

require human intelligence, including pattern recognition, prediction, and decision-making.
In clinical medicine, Al is increasingly used as a decision-support tool to enhance diagnostic
accuracy, optimize treatment strategies, andimprove patient outcomes.

Pulmonologyis particularly well-suited for Alintegration due toits reliance onimaging (chest
radiography, computed tomography, spirometry, arterial blood gases), and chronic disease
monitoring. In the context of COPD, Al offers opportunities for early diagnosis, risk
stratification, and personalized management, consistent with the evolving paradigm of
precisionmedicine emphasizedin modern guidelines.

Scope of Artificial Intelligence in Pulmonology
Diagnostic Applications
Al-basedtools have demonstrated utilityin:

» Interpretationofchestradiographs fortuberculosis, pneumonia,andlungnodules

«  Quantitativeanalysis of CT scans foremphysemaand airway disease

»  Automatedinterpretation of spirometryand pulmonary function tests

These applications improve diagnostic consistency and may support clinicians in resource-
limited settings.

Risk Predictionand Prognostication
Machine learningmodels canintegrate multiple clinical variables to:

«  Predict COPD exacerbations

« ldentify patientsatrisk of hospitalization or ICUadmission

»  Estimatedisease progressionand mortality

Such predictive tools align with the needfor proactive ratherthanreactive care.

Treatment Optimization
Alcanassistin:

« ldentifying patients likely to benefit from inhaled corticosteroids (ICS) based on
eosinophil counts

«  Supportingescalationtotriple therapy (LABA/LAMA/ICS)

»  Predictingresponsetotargetedtherapies,includingbiologics

Monitoringand Remote Care
Al-enabled systems facilitate:

«  Remotemonitoringusingwearable devices

«  Earlydetectionof symptomdeterioration

«  Telemedicine-basedfollow-up

This is particularly relevant in geographically dispersed populations with limited access to
specialist care.
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Artificial Intelligencein COPD: Alignment with GOLD 2026
The Global Initiative for Chronic Obstructive Lung Disease (GOLD 2026) emphasizes

individualized, risk-based management of COPD. Al supports this approach in several
domains":

Early Detection
Al algorithms combining imaging and spirometry data can identify COPD at earlier stages,

potentially before significant functional decline occurs.

Prediction of Exacerbations
»  Almodelscanintegrate:

»  Priorexacerbationhistory

«  Symptomburden

Biomarkers suchas CRP and eosinophils

to predictacute exacerbations of COPD (AECOPD), enabling early intervention.

Personalized Pharmacological Therapy
Alsupports GOLD 2026 recommendations by:

« Identifying candidatesforICS based on eosinophil thresholds
«  Guidingescalationtotriple therapy
«  Supportingselection ofbiologics (e.g., dupilumab) in patients with type 2 inflammation

Acute ExacerbationManagement
Inhospitalized patients, Altools may:

»  Detectearlyrespiratorydeterioration
«  Supporttimelyinitiation of non-invasive ventilation (NIV)
» AssistinlCUtriage decisions

Alignment with International Respiratory Guidelines
The integration of Al into clinical practice is increasingly recognized by major respiratory

bodies, including:

«  American Thoracic Society (ATS)

«  EuropeanRespiratory Society (ERS)
«  WorldHealth Organization (WHO)

These organizations emphasize that Al should:
«  Beclinically validated beforeimplementation

. Complement, notreplace, clinicianjudgment
«  Beusedinaccordance with ethicalandregulatory standards
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Artificial Intelligence-Supported COPD Management Pathway (Figure 15.1)
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.
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.
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Knowledge, Attitude, and Practice (KAP) of Al Among Pulmonologists
Overview

A national KAP study conducted among pulmonologists in Pakistan evaluated awareness,
perceptions,and utilization of Alin respiratory medicine .

KeyFindings

Knowledge:

Variable understanding of Alapplications, with gapsin clinicalintegration

Attitude:

Generally positive, with clinicians recognizing the potential of Altoimprove patient care
Practice:

Limitedreal-worlduse due tolack ofinfrastructure, training,andaccess to Altools

Interpretation
The findings highlight a readiness—implementation gap, where clinicians are willing to adopt

Albutface systemicbarriers. Thisunderscores the need for structuredintegration strategies
within national guidelines.

Barriers tolmplementationin LOW and Middle-Income Settings
Key challengesinclude:

«  Limiteddigitalinfrastructure

«  Lackofformaltrainingin Al applications

«  Highcostofimplementation

»  Dataprivacyandsecurity concerns

»  Absenceofregulatory frameworks
Addressingthesebarriersis essential for effective adoption.

Despite relatively adequate knowledge levels, only 4.5% of participants demonstrated good
practice, while the majority (95.5%) had poor practice, indicating a significant
knowledge—practice gap. The distribution of knowledge, attitude, and practice levels among
participantsis shownin Table™’

Domain Category Percentage (%)

Poor 1.5

Knowledge Moderate 66.2

Good 32.3
Negative 4.6

Attitude Neutral 80.5
Positive 14.9

Practice Poor 253
Good 4.5
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Table:15.1 Knowledge, Attitude, and Practice.

Thefindings giveintable 15.2 suggest that Alintegrationremains limited and largely confined
to specificdomains.

Variable Category Frequency Percentage (%)
AlUse Yes 93 46.3
No 108 53.7
Training Yes 15 7.5
No 186 92.5
Radiology Use Yes 28 13.9
No 173 86.1
Research Use Yes 64 31.8
No 137 68.2
ICU Use Yes 64 31.8
No 137 68.2

Table: 15.2 Pattern of Al utilizationinacademicandclinical settings.

Ethicaland Clinical Considerations
Alimplementation mustadhere to the following principles:

Alshouldfunctionasadecision-supporttool, notareplacementfor clinicians
«  Transparencyinalgorithmdecision-makingis essential

+  Riskofbias mustbe minimizedthroughdiverse datasets

«  Patientconfidentiality and dataprotection mustbe ensured

«  Clinicalaccountability remains with the treating physician

Recommendations forintegrationinPakistan
Short-Term Strategies

* IncorporateAleducationinto pulmonology training programs
«  Utilize Alinradiology for screening (e.g., tuberculosis detection)

Medium-Term Strategies
» Introduce Al-assisted spirometryinterpretation

«  ImplementAl-basedrisk predictiontoolsin COPD clinics

Long-Term Strategies
«  Developnational Alregistriesforrespiratory diseases

«  Establishtele-pulmonology networks supportedby Al
« IntegrateAlintoelectronichealthrecord systems

FutureDirections
Emergingareas ofinterestinclude:

«  Al-guidedselectionofbiologictherapiesin COPD
« Integrationwith wearable technology for continuous monitoring
«  Al-drivenpublichealth strategies fortuberculosis and chroniclungdisease
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Key Messages
« Artificial Intelligence enhances clinical decision-making but does not replace clinician
judgment

«  Alsupportsthe personalized managementapproachadvocatedby GOLD 2026

« There is a significant readiness for Al adoption among pulmonologists, but
implementationremains limited

o Structured training, infrastructure development, and regulatory frameworks are
essential for successfulintegration
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