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1 | QUESTION

A 52-year-old man presents to his family physician with
a 6-month history of worsening dyspnea with less and
less exertion. He also complains of clear productive
cough for the last 3 months. He was hospitalized last
year for community acquired pneumonia. Past medical
history is remarkable for hypertension, for which he
takes perindopril and indapamide. He has smoked
1 pack of cigarettes daily for the last 30 years. On
examination, his oxygen saturation is 93%. He appears
fatigued. There is no accessory respiratory muscle
use. There are bibasilar crackles and diffuse expiratory

wheezes on auscultation. Laboratory results are shown

ABSTRACT

Chronic obstructive pulmonary disease (COPD) is the third leading
cause of death in the world, affecting developing and developed coun-
tries alike. Recent advancements in medical and interventional therapies
have led to decreasing overall mortality rates in the last decade. Despite
these improvements, COPD continues to cause significant morbidity and
lost productivity. This review summarizes the pathophysiology of COPD
and the work-up of a patient with suspected COPD, emphasizing pul-
monary function testing, an approach to treatment, and the management

of COPD exacerbations.
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below:

Complete blood count

Hemoglobin: 153 g/L (normal 130-170 g/L)
Hematocrit: 0.44 (normal 0.38-0.50)

Leukocyte count: 9.4 x 10° cells/L (normal 3.5-10.5
x 10° cells/L)

Platelet count: 245 x 10° cells/L (normal 130-380 x 10°
cells/L)

Venous blood gas

pH: 7.41 (normal 7.34-7.45)

pCO,: 62 mmHg (normal 32-45 mmHg)

HCO3: 33 mmol/L (normal 22-27 mmol/L)

Lactate: 1.4 mmol/L (normal 0.5-2.5 mmol/L)
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Assuming the most likely diagnosis, which of the follow-
ing therapies has been shown to improve survival?

a) Daily oral azithromycin

b) Pulmonary rehabilitation

¢) Inhaled budesonide/formoterol twice daily
d) Long-term supplemental oxygen

e) Daily inhaled tiotropium

2 | ANSWER

D. The patient’s clinical presentation of chronic progres-
sive dyspnea with productive cough raises suspicion for
chronic obstructive pulmonary disease (COPD), espe-
cially given his heavy smoking history. The recent hospi-
talization for pneumonia also suggests a possible COPD
exacerbation. Laboratory investigations reveal respira-
tory acidosis with appropriate metabolic compensation,
suggesting chronic CO, retention. In COPD patients,
long-term home oxygen is one of the few interventions
shown to improve survival and slow disease progres-
sion. The other options have not been shown to reduce
mortality. Pulmonary rehabilitation and inhaled antimus-
carinic or corticosteroid/beta-agonist therapy improve
symptoms and quality of life. Azithromycin has recently
been shown to reduce the frequency and severity of
COPD exacerbations.

3 | DEFINITION, RISK FACTORS,
AND PATHOPHYSIOLOGY

COPD is a clinical syndrome characterized by poorly re-
versible expiratory airflow limitation (1-3). This disease
is the fifth leading cause of death and the second leading
reason for hospitalization in Canada (4,5). Worldwide,
over 3 million deaths were due to COPD in 2017 (1-3).
Most patients with COPD present between 40 and 60
years of age (1-3). Cigarette smoking remains the pre-
dominant risk factor, although other inhalational expo-
sures, such as those from combusted biomass, play a sig-
nificant role (1-3,6,7). There are also genetic syndromes

which confer an independent risk, particularly alpha-1-

antitrypsin deficiency. A recent study from Québec has
identified only the second genetic variant causing heri-
table emphysema (8).

Historically, COPD has been divided into two distinct
clinical entities based on its most common etiologies
(Table 1). Emphysema is a pathological term for alveo-
lar parenchymal damage, leading to irreversible airspace
dilation and hyperinflation (1-3). These patients are
dubbed “pink puffers,” since dyspnea is the predominant
symptom and hypoxemia and hypercapnia occur later (1-
3).

Chronic bronchitis is defined clinically as “productive
cough on most days for at least three months a year
for two consecutive years” (1-3). Small airway obstruc-
tion is the hallmark, causing expiratory airflow limita-
tion. The resulting alveolar hypoventilation leads to
early hypoxemia and hypercapnia. Thus, these patients
are called “blue bloaters,” referring to early cyanosis and

the frequent association with metabolic syndrome (1-3).

Clinically, significant overlap exists between emphy-
sema and chronic bronchitis, since both are mainly
caused by smoking (1-3,7). There has also been fur-
ther characterization of an asthma-COPD overlap, since

many patients exhibit features of both (1-3,9).

COPD frequently exhibits extra-pulmonary mani-
festations, notably sarcopenia and malnutrition (1-3).
There are also many associated systemic co-morbidities
contributing to worse outcomes, such as cardiovascu-
lar disease, metabolic syndrome, osteoporosis, depres-
sion/anxiety, gastro-esophageal reflux (GERD), and lung
cancer (1-3,10). COPD may increase the risk for these

conditions, particularly lung cancer (1-3,10).

4 | INITIAL APPROACH

The history and physical examination are key to diagnos-
ing COPD. Obtaining a detailed exposure history is criti-
cal, particularly for smoking and occupational exposures.
The three core symptoms of COPD are dyspnea, cough,
and sputum production, with progressive exertional dys-
pnea being the most common presenting feature (1-3).

Physical examination is usually normal in early disease
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Emphysema Chronic bronchitis
Definition Pathological: alveolar parenchymal destruction and Clinical: Productive cough on most days for > 3
irreversible airspace dilatation months a year for > 2 years.
Pathogenesis Imbalance between proteases and anti-proteases leads Airway irritation leading to mucus gland
to destruction of lung parenchyma hypertrophy/hyperplasia, mucus overproduction, and
small airway clogging
Pathophysiology e Destruction of alveolar walls causes e Airway plugging leads to expiratory air-

loss of elastic recoil, leading to increased
compliance, air trapping, and hyperinfla-
tion.

e Hypoxemia is a late feature since there

is no V/Q mismatch

flow obstruction and air trapping

e Obstruction impairs alveolar ventilation,
causing V/Q mismatch and hypoxemia
with CO2 retention

e Chronic hypoxemia causes pulmonary
hypoxic vasoconstriction, leading to pul-
monary hypertension and eventually cor

pulmonale

Clinical features "Pink puffer"

e Progressive dyspnea

e Pursed-lip breathing, accessory muscle
use

e "Barrel chest" configuration

e Cachexia

"Blue bloater"
e Productive cough, wheezing
e Early cyanosis
e Signs of cor pulmonale (peripheral
edema, jugular venous distension, hep-
atomegaly)
e Associated with obesity and metabolic

syndrome

TABLE 1 Comparison between emphysema and chronic bronchitis

Adapted from Ni, A, ed. "Block B: Respiration" from "Osler Notes". McGill Medical Students Society, 2019.

(11). With increasing severity, there may be signs of hy-
perinflation (hyper-resonant percussion and increased
antero posterior chest diameter, known colloquially as a
“barrel-chest”) and hypoxemia (peripheral cyanosis) (11).
Patients may display pursed lip breathing and accessory
muscle use to compensate for dyspnea (11). Ausculta-
tion may reveal signs of small airway obstruction (11).
Importantly, clubbing is rarely seen in COPD and should
raise suspicion for another pulmonary pathology, espe-

cially malignancy (1-3,11).

4.1 | Spirometry

Dynamic airflow testing should be performed whenever
COPD is suspected. Flow volume loops often show an
expiratory “scooping” characteristic of airflow obstruc-
tion (Figure 1) (1-3,12). Peak expiratory flow rate (PEF),
1-second forced expiration volume (FEV4), and forced
vital capacity (FVC) all decrease in COPD (1-3). How-

ever, FEV is impaired more than FVC. Thus, measur-
ing the FEV{/FVC ratio is critical; a ratio below 0.70 is
diagnostic for obstructive lung disease (1-3). To differ-
entiate COPD from asthma, the FEV,/FVC ratio should
be repeated after administration of a bronchodilator,
since non-reversible obstruction is more consistent with
COPD (1-3).

Patients can be classified by severity based on the
percent predicted FEV4 for age according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
staging system. Further investigations are strongly sug-
gested when FEV is < 50% predicted (GOLD > 3). (1-3)
For patients with stage < 2, a case-by-case approach is

recommended (1-3).

4.2 | Functional assessment

Grading of patients’ symptoms can be accomplished us-
ing the modified Medical Research Council (MMRC) dys-
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FIGURE 1 Spirometry in COPD

Normal flow-volume loop (black) compared to a
flow-volume loop characteristic for COPD (blue). There
is “scooping” of the expiratory phase along with
decreased 1-second forced expiratory volume (FEV/)
and forced vital capacity (FVC). The FEV4{/FVC ratio is
below 0.70, which is diagnostic for obstructive lung
disease.

Adapted from Witt, L. #86: COPD: Diagnosis,
treatment, PFTs, and nihilism. The Curbsiders, episode
86, March 18, 2018,
http:/thecurbsiders.com/podcast/86-copd-diagnosis-
treatment-pfts-nihilism

pnea scale. A score of 2 or greater (needing to stop
for breath when walking at one’s usual pace on level
ground) indicates significant functional impairment (13).
The COPD assessment test (CAT) is another available
questionnaire to help determine the impact of the dis-
ease on patients’ daily life. Recent studies have put for-
ward the BODE index as a useful prognostic tool to pre-
dict 5-year survival (2,3). This index combines four vari-
ables: the body mass index (BMI), % predicted FEV4,
mMRC score, and 6-minute walk distance (available at
https:/www.mdcalc.com/bode-index-copd-survival).

43 |
capacity

Plethysmography and diffusion

Determining lung volumes can be useful in COPD with
reduced FVC to assess the degree of hyperinflation (1-

3). Increased residual volume (RV) without increased to-
tal lung capacity (TLC) indicates air trapping without hy-
perinflation, which is seen in early disease (1-3). As the
airflow obstruction and parenchymal damage worsen,
functional residual capacity (FRC) and TLC increase, sug-
gesting hyperinflation (1-3). Diffusion capacity can be
assessed in patients with severe symptoms to quantify
parenchymal damage (2,3). The diffusion capacity of car-
bon monoxide (DLCO) is a complex metric influenced
by the gas exchange surface area, the diffusion barrier,
and the pulmonary vascular supply (2,3). In COPD, de-
creased DLCO suggests decreased alveolar surface area,
although other conditions such as interstitial lung dis-
ease and pulmonary vascular pathology need to be ex-
cluded (2,3).

44 | Chestimaging

Chest imaging can help exclude other causes of dysp-
nea, such as pneumonia, congestive heart failure or ma-
lignancy, as well as other causes of decreased DLCO
as mentioned above (1-3). Features suggestive of
COPD include a flattened diaphragm and increased lung
field translucency, which indicate hyperinflation and
parenchymal damage respectively (1-3,14). Emphysema
secondary to smoking is usually found in the upper lobes
due to decreased perfusion (14). Lower lobe predomi-
nant emphysema is unusual and should raise suspicion
for alpha-1-antitrypsin deficiency (2,3,14,15). Recently,
chest CT has been increasingly employed to identify spe-
cific phenotypes of COPD at risk of severe disease or

complications (2,3,14).

4.5 | Co-morbidities

As described above, COPD can display extra-pulmonary
manifestations and is frequently associated with other
systemic diseases (1-3, 10). It is essential to assess for
these co-morbidities, since they can lead to worsened
outcomes and decreased overall quality of life. A com-
plete blood count should be ordered to evaluate for ane-
mia. Heart failure is an independent predictor of mor-

tality in COPD with an annual incidence between 3-4%
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(1-3,10). Arrhythmias are also common in COPD, partic-
ularly atrial fibrillation, and more rarely, multifocal atrial
tachycardia (1-3,10). More than 30% of COPD patients
exhibit metabolic syndrome (1,16). Screening for lung
cancer should be performed according to local guide-
lines (1-3,10). Under-diagnosed co-morbidities include
osteoporosis and depression/anxiety, which may bene-
fit from pulmonary rehabilitation (1,10). Apart from spe-
cific exceptions beyond the scope of this review, the
treatment of co-morbidities is largely unchanged by the
presence of COPD (1-3,10).

5 | BEYOND THE |INITIAL AP-
PROACH

5.1 | Basics of COPD management

5.1.1 | Non-pharmacological measures

Smoking cessation is crucial for any smoker with COPD,
since it is one of two measures proven to improve
survival (1-3). Long-term home oxygen is the other
therapy shown to reduce mortality but only for signif-
icantly hypoxemic patients with SpO, < 88%, PaO, <
55 mmHg, polycythemia, or clinical evidence of pul-
monary hypertension (1-3). Pulmonary rehabilitation
programs can be implemented to increase exercise tol-
erance—particularly if there is a history of exacerbations
(1-3). Itis also important to vaccinate all COPD patients
for common respiratory pathogens such as influenza
and Streptococcus pneumoniae to reduce the risk of ex-

acerbations (1-3).

5.1.2 | Pharmacological therapy

GOLD provides a stepwise approach that is summa-
rized in Flowchart 1. Long acting muscarinic antago-
nists (LAMA) should be the initial therapy for all pa-
tients with short-acting beta-2 agonists (SABA) avail-
able as rescue therapy (1-3). The decision to add
medications is based on the patient’s symptoms, pul-
monary function tests, and number of exacerbations

(1-3). The next recommended agent is a combination

LAMA and long-acting beta-2 agonist (LABA) (1-3). In-
haled corticosteroids (ICS) can also be added, especially
if there are concomitant asthmatic features (2,3). As-
sessment of the blood eosinophil count may help iden-
tify patients who would respond to ICS, with > 300
cells/uL predictive of treatment benefit (1,2). ICS are
frequently prescribed as an ICS/LABA combo. Triple
therapy (ICS/LAMA/LABA\) is usually reserved for pa-
tients with frequent exacerbations (> 2/year requiring
hospitalization) (1-3). For patients with symptoms re-
fractory to triple therapy, fourth-line options include
azithromycin or the phosphodiesterase-4 inhibitor rof-
lumilast, both of which may reduce the frequency of ex-
acerbations (2,3). Importantly, none of the above thera-

pies have been shown to improve survival (1-3).

5.1.3 | Interventional techniques

Surgical techniques to correct hyperinflation may be
considered when pharmacological therapy fails to con-
trol symptoms. Reduction in lung volumes increases ef-
ficiency of respiratory muscles and reduces ventilation-
to-perfusion mismatch (1,17). Lung volume reduction
surgery (LVRS) is an open surgical procedure that has
been shown to improve survival in the subset of patients
with severe upper-lobe emphysema and low baseline
exercise capacity (1,17,18). Lung transplant may be an
option for patients with very severe COPD to improve
functional capacity, but it has an unclear benefit on over-

all mortality (1).

Minimally invasive bronchoscopy-based techniques
have been developed to palliate the high morbidity
Endo-

bronchial valve (EBV) insertion mimics LVRS by causing

inherent to open surgical procedures (1,17).

atelectasis of the most diseased lobe (1,17,19). Recent
studies have shown modest improvement in pulmonary
function testing and exercise capacity with EBVs, par-
ticularly for patients with heterogenous emphysema
(1,17,19). Other approaches include endobronchial coils
and sclerosing therapies; further discussion is beyond

the scope of this review.
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5.1.4 | Palliative therapies

Despite recent advancements in management, patients
with COPD invariably experience gradual functional de-
cline. (1-3) Early use of therapies once reserved for the
end-of-life may help improve overall quality of life (1).
Patients with persistent dyspnea may benefit from opi-
ates and non-pharmacological measures such as fans
blowing air toward the face, neuromuscular electrical
stimulation, and chest wall vibration (1). Malnutrition is
frequently encountered in COPD given its heightened
metabolic state; thus, nutritional assessment and sup-
plementation is often warranted (1). Even without hy-

poxemia, home oxygen may help reduce dyspnea and

anxiety (1).
5.2 | COPD exacerbation
5.2.1 | Definition and evaluation

A COPD exacerbation is clinically defined as a “pe-
riod of increased symptoms with or without concomi-
tant features of an upper respiratory tract infection”,
which may range from mildly increased symptoms to life-
threatening attacks (1-3,20). Exacerbations are most
commonly precipitated by respiratory tract infections,
with up to 30% attributable to viruses and 30-50% to
bacteria (1-3,20). Air pollutants and cold temperatures
also contribute to their development (1-3,20).

During a COPD exacerbation, patients are at in-
creased risk of myocardial infarction and pulmonary em-
boli, which need to be excluded on presentation (2,3,20).
A chest radiograph is useful to detect concomitant bac-
terial pneumonia. If a component of congestive heart
failure is suspected, a brain natriuretic peptide (BNP)
level should be obtained. Venous and/or arterial blood
gases can help assess the degree of hypoxemia and hy-

percapnia.

5.2.2 | Pharmacological treatment

Short-acting bronchodilators and systemic corticos-
teroids are the cornerstones of treatment (1-3,20).

SABAs are given every 1-2 hours, preferably via me-

tered dose inhaler, and with clinical improvement are
diminished to every 3-4 hours (2,3,20). If the re-
sponse is inadequate, short-acting muscarinic antago-
nists (SAMAs) may be added (2,20). There is no consen-
sus on the optimal dose and duration of corticosteroid
therapy, although recent studies have shown that a 5-
day course of oral prednisone is as effective as 10-day or
longer courses (2,20). For severe exacerbations, steroids
should be given intravenously. Antibiotics are often ad-
ministered, especially with severe symptoms or signs of
bacterial pneumonia, such as high fever or purulent spu-
tum (1-3,20).

Oxygen therapy is crucial in COPD exacerbations due
to the risk of severe hypoxemia (1-3,20). However, pa-
tients are prone to acute hypercapnia with supplemen-
tal oxygen, which is explained by three main factors
(1-3,20). First, chronic CO, retention blunts the hy-
percapnic respiratory drive, so hypoxemia becomes the
main breathing stimulus (2,20). Thus, oxygen may cause
central hypoventilation. Second, oxygen may reverse
hypoxic vasoconstriction in poorly ventilated areas of
the lung and worsen ventilation-to-perfusion mismatch
(2,20). Third, deoxygenated blood has a higher affinity
for CO,, (via the Haldane effect). By increasing oxygena-
tion, CO, may be unloaded by red blood cells in the pe-
ripheral circulation, precipitating hypercapnia (2,20). To
summarize, oxygen therapy should maintain a conserva-
tive saturation value (between 88-92%, equivalent to
PaO, 60-70 mmHg) due to an increased mortality risk
if higher saturations are targeted (1-3,20).

5.2.3 | Ventilatory support

Severe exacerbations may require various degrees of
ventilatory support. Non invasive mechanical ventila-
tion (NIV) is preferred over invasive ventilation given
the risks of ventilator-acquired pneumonia and baro-
trauma/volutrauma with intubation (1,20). Indications
for NIV include hypoxemia despite supplemental oxy-
genation, refractory hypercapnia (PaCO, > 45 mmHg
and pH < 7.35), persistently increased work of breath-
ing, or respiratory muscle fatigue (1,20). NIV can be dis-

continued without weaning once 4 hours of unassisted
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breathing is tolerated (1,20). Invasive mechanical ven-
tilation should be initiated if patients fail NIV, have de-
creased level of consciousness, or are hemodynamically
unstable (1,20). Many past indications for invasive venti-
lation can now be successfully managed with NIV (1,20).

53 |
(AATD)

Alpha-1-antitrypsin deficiency

Alpha-1-antitrypsin (AAT) is a multivalent serum pro-
tease inhibitor. When deficient, patients are prone to
emphysema due to uninhibited protease activity in the
lung parenchyma. AAT is encoded by the SERPINA1
gene (“Pi”) on chromosome 14, with “M” being the nor-
mal allele and “Z” being the most common deficient al-
lele (15). Pi*ZZ homozygotes are at highest risk for se-
vere emphysema., whereas Pi*MZ heterozygotes are at
risk of severe disease with smoking or other inhalational
exposures (7,15). Features suggestive of AATD include
disease onset below 40 years of age and lower lobe pre-
dominant emphysema (14,15). Patients are also at risk
for liver cirrhosis because defective AAT accumulates
and damages hepatocytes (15). Any suggestive feature
should prompt measurement of the serum AAT because
intravenous AAT augmentation can slow progression of

emphysema (1-3,15).
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Flow Chart 1: Approach to the patient with suspected COPD

Spirometry is the cornerstone for the diagnosis of COPD. Once a non-reversible airflow obstruction is confirmed, the
decision to order further investigations will depend on the disease severity as defined by objective and subjective
clinical scoring systems. It is important to remember that emphysema and chronic bronchitis can be present in the
absence of airflow obstruction. Also, persistent non-reversible airflow obstruction can be found in some patients
with a clear history of long-standing asthma. An inhaled long acting muscarinic antagonist (LAMA) should be first-
line maintenance therapy with a short-acting beta-2 agonist (SABA) as a rescue agent. Further medications can be
added according to the patient’s response to initial therapy. All patients should receive regular follow-up and nec-
essary non-pharmacological interventions to reduce the risk of exacerbations and disease progression. Long-term
oxygen supplementation is indicated with any sign of severe and/or chronic hypoxemia to delay the development of
pulmonary hypertension and right heart failure.

Symptomatic patients
e Dyspnea
e Cough
e Sputum production

FEV4/FVC jo.m/n

No obstructive disease Obstructive disease
* Rule-out FEV1/FVC pseudo-normalization Assess obstruction reversibility
due to gas trapping by plesthysmography with bronchodilator

« Evaluate for restrictive disease
Non-re\,:M \‘Reversible

FEV4/FVC <0.70

Likely COPD Likely asthma or
l COPD-asthma overlap
Grade disease severity Further investigations
e GOLD staging GOLD =3 e Lung volumes
e mMRC or CAT score |— | « DLCO
e Hx of exacerbations e Chestimaging
« Signs of hypoxemia e 6-min walk distance
Pharmacological therapy Non-pharmacological therapy

Smoking cessation

Avoid exposures
Vaccination

Regular physical exercise

LAMA

Persistent Concomitant asthmatic
symptony \or‘atopic features

‘ LAMA/LABA | ’ ICS/ILABA ‘

lz 2 exacerbations/year

Persistent symptoms with = 2 o
exacerbations or = 1 admission/ year Pulmonary rehabilitation

ICSILAMAILABA Long-term home Oz if any of:

e Sp02<88%

e PaO2 <55 mmHg

* Polycythemia

e Pulmonary hypertension
or cor pulmonale

Refractory symptoms l

* Azithromycin
¢ Roflumilast

FLOWCHART 1 Abbreviations: GOLD: Global initiative for obstructive lung diseases; mMRC: Modified
Medical Research Council; CAT: COPD assessment test; DLCO: Diffusion capacity for carbon monoxide; LAMA:
Long-acting muscarinic antagonist; LABA: Long-acting beta-2 agonist; ICS: Inhaled corticosteroid

Adapted from GOLD 2020 Report and Celli BR, Wedzicha JA. Update on Clinical Aspects of Chronic Obstructive
Pulmonary Disease. NEJM, 2019;381(13):1257-1266



