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Lung: Chronic Obstructive Pulmonary Disease

Definition:
- any disease of lung with air-flow limitation. There are two common clinical entities:
1. Chronic Obstructive Lung Disease (COPD)
• Pathology of small airways and alveoli caused by noxious particle and gases,
overwhelmingly cigarette smoking.
• Bronchiectasis is a destructive chronic inflammation of bronchi and
bronchioles from repeated episodes of inflammation. Loss of cartilage and
elastic tissue lead to their dilation There is fibrosis and loss of surrounding
lung parenchyma. It is seen in any disease with impaired clearing of mucus
and is a complication of COPD as well as cystic fibrosis.
2. Asthma
• A disease of airway hyperresponsiveness with two elements:
hyperreactiveness and hypersensitivity. It is reversible until there is
remodeling of the airways.
- Asthma- COPD overlap
o Earlier definitions distinguished between different types of COPD (i.e. chronic
bronchitis, emphysema, asthma). There is considerable overlap between these
entities, which all have in common air flow obstruction.
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o Patients with chronic bronchitis (i.e. productive cough) and/or emphysema (i.e.
septal loss or ↓DLCO) are not considered to have COPD unless there is air flow
obstruction (i.e. FEV1/FVC <80%).
o Patients with asthma with air flow obstruction that is completely reversible are
not considered to have COPD.
Pathology of Cigarette smoking
- There is hardly any organ in the body that is not affected by cigarette
smoking, from dental gum disease to aging of the skin of the face. There
are, however, 3 major systems that have life-threatening complications:
o Vascular system
 Capillaries: endothelial damage: there is no direct test for
this, but it does show up as organ dysfunction and
macrovascular disease (i.e. arteries and arterioles).
 Arterioles: hyaline arteriolosclerosis. This can manifest as
stenosis in the heart (CHF) and kidney (nephrosclerosis) or
rupture and hemorrhage (hemorrhagic stroke).
 Arteries: atherosclerosis. The 4 major sites are 1. coronary, 2.
carotid, 3. renal and 4. femoral-popliteal arteries.
 Aorta: atherosclerosis. This is the major risk factor for
abdominal aortic aneurysm and justifies screening for AAA in
all smokers at 60 years of age.
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o

Carcinogenesis
 There is an increased risk of carcinoma from smoking in many
systems, but there are 5 major cancers for which smoking is the #1
risk:
• Lung
• Head & neck squamous cell carcinomas (HNSCC)
• Pancreas
• Bladder
• Esophagus

o

Lung
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There is a dose-response relationship between FEV1 and intensity of
cigarette smoking, expressed as “pack-years” (packages of cigarettes
smoked/day X number of years smoked)
There is a high variability of response to smoking between individuals.
Only 15% of FEV1 changes are explained by pack-years, although 25% of
≥2 packs/day smokers will get COPD.
Exposure to cigarette smoke in childhood, including second-hand smoke,
negatively affects lung development with ↓FEV1 in adulthood.

Pathology of COPD
-
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Bronchus
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o Chronic irritation by the smoke causes mucus gland hyperplasia
with increased mucus production. This hyperplasia can be
measured in the bronchus, called the Reid Index. If the mucus
gland is >50% of the bronchial thickness, then there is pathologic
bronchial hyperplasia (in the image, if AB / CD >50%).
o Squamous metaplasia. Metaplasias are inherently unstable and are
considered a precursor lesion to carcinoma.
o Ciliary dyskinesia. Loss of movement of the muco-ciliary ladder
leads to pooling of the mucus, predisposing the patient to
bronchopneumonia and acute bronchitis exacerbations.
Bronchiole
o Chronic irritation leads to chronic inflammation. Over years, this
leads to fibrosis and bronchiolitis obliterans. This loss of
bronchioles is irreversible and can lead to death by respiratory
failure.
Alveolus
o Smoke acts as an inflammatory anaphylatoxin with mixed
inflammation that includes neutrophils. Their release of destructive enzymes,
especially elastase causes damage to the extracellular matrix. Inadequate repair
leads to destruction of the alveolar wall and emphysema.
o Most tissue loss occurs in the proximal region of the functional unit, the acinus,
therefore the loss is centriacinar or centrilobular.

o Loss of tissue results in loss of radial traction and collapse of small airways in
expiration with air trapping.
Presentation of COPD
-

-
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Symptoms:
o Productive cough
o Shortness of breath (SOB)
 This is a late symptom that occurs when the FEV1 is <30%.
Signs:
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o There are 2 clinical terms to differentiate where the maximum pathology is
found:
 “Blue bloater” is seen in bronchial disease in which the mucus production
obstructs the airways, leading to V/Q mismatching. The resulting cyanosis
gives the patient a bluish hue. The “bloater” name is of uncertain origin.
It has been ascribed to the edema from the right ventricular failure of cor
pulmonale.
 “Pink puffer” is seen in disease with alveolar loss. The loss of septae is
matched by the proportionate loss of blood supply, so there is no V/Q
mismatching and not cyanosis, hence a “pink” patient (there is
polycythemia as well). The loss of gas exchange membrane can be
compensated for with hyperventilation, hence “puffer”.
o The classical description of wasting, barrel chest and pursed lips is only seen in
late disease.
Diagnosis:
o Chronic bronchitis is a clinical diagnosis defined as a productive cough for more
than 3 months of 2 consecutive years.
o Emphysema is defined by PFT’s:
 FEV1/FVC <80%
 DLCO <80% predicted
 CBC: polycythemia
 Blood gases /oximetry are useful to diagnose failure
 CT scans can accurately assess alveolar loss.
Natural history
o Prognosis
 This is usually judged by stage, using the GOLD criteria, based on the
FEV1:
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Prognosis is not severely altered until severe disease (i.e. GOLD stage 3 &
4)
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Note that survival is judged over 12 years, and this is affected by whether
or not the patient stops smoking.

o Complications:
 Acute exacerbations are presumed to be due to infections (viral and
bacterial). They are significant as the treatment of hypoxia leads to
hypercapnia (see inset box).

Oxygen-induced hypercapnia in COPD
Acute bronchitis in COPD can lead to respiratory failure. When oxygen is administered, there is a rise in the
PaCO2, which can lead to a dangerous hypercapnia. There are 3 basic causes:
1. V/Q mismatching: the administration of O2 decreases the vasoconstriction associated with the usual
COPD-induced hypoxia.
2. Haldane effect: the administered O2 displaces the CO2 bound to hemoglobin, increasing the free CO2.
3. Decreased ventilation: this is only of minor importance and loss of hypoxic drive is mostly transient over
10-15 minutes.
The recommended treatment is to only give oxygen until the SaO2 ≈ 90%.

6

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

Chronic complications:
• Bronchiolitis obliterans: chronic inflammation of the bronchioles
leads to fibrosis and loss of terminal bronchioles.
• Cor pulmonale: hypoxia causes vasoconstriction of the pulmonary
arterial system. The resulting pulmonary artery hypertension
leads to right ventricular hypertrophy and eventually right
ventricular failure.
• Carcinoma is seen in 10-20% of smokers and is dose dependent.
• Bronchiectasis can be found in chronic bronchitis with recurrent
pneumonias.
o Treatment
 Lifestyle and smoking cessation
 Bronchodilators:
• Anti-cholinergic (target: M3 receptor (Gq)): Ipratropium
• Beta agonists (target B2 receptor (Gs)): salmeterol (long-acting)
 Inhaled steroids (anti-inflammatory)
 O2 supplementation for failure
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α1-antitrypsin deficiency
- Autosomal recessive disease of a serine protease inhibitor, α1-antitrypsin, a key protector
of the alveolar wall from inflammatory proteases, especially elastase. This damage occurs
when the α1-antitrypsin level is < 15% of normal.
- Pathology is a panacinar emphysema that is seen on CT scan as an extensive bilateral lower
lobe loss of lung tissue.

- There are over 200 variants of the protein, the normal variant called PiMM (for Protease
Inhibitor)
•

•

The commonest variant is PiZZ, a misfolded protein that cannot clear the
endoplasmic reticulum. This leads to hepatocyte damage from the endoplasmic
reticulum stress response in the first decade of life and emphysema in adulthood
from lack of protection in the alveolus.
Rare variants with null genes do not make any α1-antitrypsin. The patients get lung
disease, but do not get liver disease, as there is no accumulation of the protein in the
hepatocyte to induce apoptosis.

α1-antitrypsin should be suspected any non-smoker developing emphysema or emphysema
in a smoker < 40 years old. The deficiency is the commonest cause of hepatitis in infants.
-
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The only curative treatment is transplantation
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