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Case 1

Ms. S., a 64 year-old female, presents to the Emergency Department with a 12-hour history of progressive shortness of breath. She was well until 2-3 days previously, when she developed a runny nose and sore throat. Ms. S. has a 120 pack-year smoking history, a daily productive cough of yellow sputum and she has intermittently used "puffers" in the past. 

Vital signs: HR: 96, RR: 28, BP: 120/76, decreasing to 106/76 on inspiration, T 38.3oC

Chest exam: increased AP diameter, faint expiratory wheezes

Arterial blood gases [normal values] on room air: pH: 7.30 [7.36-7.44], pO2: 60 [>70], pCO2: 60 [35-45], HCO3: 29 [21-25]

Q1. What general causes of shortness of breath should you consider in this patient? 

A1. Primary pulmonary process: Pneumonia (i.e., secondary bacterial infection from what started as a typical viral prodrome) Acute exacerbation of COPD Primary process other than pulmonary: e.g., Cardiogenic pulmonary edema (patient is a smoker and is at risk for coronary artery disease) 

Q2. Concerning the patient’s arterial blood gases, what is the pathophysiology of the patient’s (a) increased pCO2 and (b) increased HCO3? 

A2a. Patient is a CO2 retainer: this question is intended for review of the control of ventilation: Central controller: not relevant here (i.e., patient not taking barbiturates, etc.) Central chemoreceptors: reduced sensitivity of respiratory centre to hypercarbia Peripheral chemoreceptors: not as important as central chemoreceptors to CO2 Increased work of breathing: increased resistance from airway narrowing Ventilation/perfusion abnormalities: related to lung parenchymal destruction.
A2b. The increased HCO3 indicates that there is renal compensation for the respiratory acidosis. 

A chest x-ray is ordered (Figure 1 and Figure 2). 

Q3. What are the main radiographic findings that point to a specific diagnosis? 

A3. Increased size of lung fields Flattening of diaphragm (well shown on lateral film) Hypertranslucency of lung fields (vascular destruction). Long thin heart typical of emphysema patients. Pertinent negative: no infiltrates to suggest pneumonia 

Ms. S. is admitted to hospital, and improves markedly after treatment with oxygen, bronchodilators and antibiotics. After being off bronchodilators for 24 hours, she is sent to the Pulmonary Function Laboratory for PFTs (Table 1). 

	
	Pred
	Pre Meas
	% Pred
	Post Meas
	Post/Pred
	% Chng

	Spirometry
	
	
	
	
	
	

	FVC [L]
	3.84
	1.50
	39
	1.62
	42
	8

	FEV 1 [L]
	3.03
	0.65
	22
	0.64
	21
	-2

	FEV 1 / FVC [%]
	79.01
	43.69
	55
	39.38
	50
	-10

	FEF 75-25 [L/s]
	2.99
	0.13
	4
	0.13
	5
	2

	PEF [L/s]
	7.21
	2.03
	28
	3.07
	43
	51

	FVC IN [L]
	3.84
	1.67
	44
	1.90
	49
	13

	Bodyplethysmography
	
	
	
	
	
	

	VC [L]
	3.84
	1.82
	48
	
	
	

	IC [L]
	
	1.35
	
	
	
	

	ERV [L]
	0.90
	0.48
	53
	
	
	

	RV [L]
	2.13
	4.60
	216
	
	
	

	TGV (FRC) [L]
	3.01
	5.08
	169
	
	
	

	TLC [L]
	5.35
	6.42
	120
	
	
	

	RV / TLC [%]
	39.34
	71.60
	182
	
	
	


Q4. Concerning this patient’s PFTs, what is the interpretation of the abnormalities of: (a) forced expiratory volumes? (b) subdivisions of lung volume? (c) response to bronchodilator? 

A4. There are several general considerations to reading the PFTs: Predicted values are based on "normal" populations, primarily young Caucasian adults, and therefore may not be representative of different races or age groups. Response to bronchodilator: requires a 12% improvement ( including at least a 200 ml absolute improvement) in FEV1 to be considered as evidence for a reversible component to airflow obstruction. (a) Forced expiratory volumes: Decreased FEV1, FVC and FEV1/FVC: airflow obstruction (b) Subdivisions of lung volume: - Increased TLC; Increased FRC and RV (gas trapping) (c) Response to bronchodilator: - Not reversible (no asthma component) 

Upon discharge from hospital, Ms. S. suddenly collapses on the street. Coroner’s autopsy reveals the cause of death to be hemorrhage from a ruptured abdominal aortic aneurysm. Figures 3, 4, 5 and 6 show the gross and microscopic appearance of the lungs at post-mortem examination. 

Q5. What is the gross pathological diagnosis (Figure 3 and Figure 4)? (Note: Figure  3 is a so-called Gough Section - a 1mm thick whole lung slice. A similar Gough section from another case is available in the lab. Figure 4 is a gross photo of a lung with the same disease from another patient.) 

A5. Centriacinar emphysema. Note the more extensive involvement of upper lung zone in Figure 3. Figure 4 is close-up showing large holes in the central portion of the pulmonary lobule. 

Q6. In Figure 5, what is the open space at centre? 

A6. Destroyed respiratory bronchioles and alveolar ducts distal to the terminal bronchiole. Note that the alveoli (i.e., peripheral portion of the lung acinus) are comparatively intact. 

Q7. In Figure 6, what are the histological abnormalities of the structure shown at centre? 

A7. Thickened bronchiole showing inflammation and fibrosis: i.e. small airways disease. 

Case 2

Mr. Q, an 18-year old university student, presents to the Emergency Department with a 6-hour history of worsening shortness of breath, associated with cough. As a young child, he was diagnosed with asthma and his condition has been well controlled with a combination of inhaled beta-adrenergic agonists and corticosteroids. He gives a history of runny nose and sore throat beginning 2-3 days prior to presentation. On physical examination, Mr. Q is in marked acute distress. 

Vital signs: HR: 120, BP: 110/60, falling to 96/60 on inspiration, RR: 36, T: 37.4C

Chest auscultation: diffuse expiratory wheezes

Arterial blood gases [normal values] on room air: pH 7.46 [7.36-7.44], pO2: 66 [>70], pCO2: 28 [35-45], HCO3: 24 [21-25]. 

Q1. Compare and contrast the presentation of this patient to the patient in Case 1, focussing on: (a) clinical background; (b) events related to the onset of acute exacerbation; (c) results of arterial blood gases. 

A1.
Similarities:
- Symptoms (acute onset cough, shortness of breath; no fever)
- Trigger (typical of a viral upper respiratory tract infection)
Differences:
- Age (Mr. Q is too young to have emphysema, unless he has severe alpha-1 -antitrypsin deficiency)
- blood gases: respiratory alkalosis, no metabolic compensation; decreased pO2 indicates respiratory failure 
A chest x-ray is performed (Figure 1). 

Q2. What are the pertinent radiographic findings, and how do these findings help toward reaching the diagnosis? 

A2.
- Hyperinflated lung fields, without airspace-filling infiltrates
- Patchy areas of atelectasis (e.g. right lower lung zone on PA film) 

The patient improves after treatment with a combination of oxygen, bronchodilators and intravenous corticosteroids. He is discharged from hospital on long-acting, inhaled beta-adrenergic agonists and corticosteroids. His family physician requests pulmonary function testing to assess the severity of Mr. Q’s asthma.

	
	Pred
	Pre Meas
	% Pred
	Post Meas
	Post/Pred
	% Chng

	Spirometry
	
	
	
	
	
	

	FVC [L]
	6.23
	4.99
	80
	5.93
	95
	19

	FEV 1 [L]
	4.92
	3.67
	74
	4.38
	89
	19

	FEV 1 / FVC [%]
	78.78
	73.37
	93
	73.82
	94
	1

	FEF 75-25 [L/s]
	4.57
	2.70
	59
	3.17
	69
	18

	PEF [L/s]
	11.00
	7.08
	64
	8.97
	82
	27

	FVC IN [L]
	6.23
	4.74
	76
	5.41
	87
	14

	Bodyplethysmography
	
	
	
	
	
	

	VC [L]
	6.23
	5.06
	81
	
	
	

	IC [L]
	
	4.16
	
	
	
	

	ERV [L]
	1.55
	0.90
	58
	
	
	

	RV [L]
	2.54
	3.15
	124
	
	
	

	TGV (FRC) [L]
	3.92
	4.05
	103
	
	
	

	TLC [L]
	8.64
	8.21
	95
	
	
	

	RV / TLC [%]
	30.76
	38.40
	125
	
	
	


Q3. What is the interpretation of the patient’s: (a) forced expiratory volumes? (b) subdivisions of lung volume? (c) bronchodilator response? 

A3.
(a) Forced expiratory volumes:
- decreased FEV1, FEV: airflow obstruction
- normal FEV1/FVC indicates proportional decreases of individual indices
(b) Subdivisions of lung volume:
- TLC and FRC near-normal
- RV: slightly increased (modest gas trapping)
(c) Response to bronchodilator:
- High degree of reversibility to obstruction 
Mr. Q resumes his medications and returns to classes. On the evening of a frat party, a friend discovers Mr. Q dead in bed, with an inhaler by his bedside. Coroner’s autopsy reveals the following gross and microscopic abnormalities in the lungs (Figure 2 and Figure 3). 

Q4. What are the pertinent gross findings? (Figure 2 shows the excised lungs at autopsy - How are they abnormal? Figure 3 shows material removed from the large airways of one lung. What does this material represent?) 

A4.
- Hyperinflated lungs (lungs don't collapse even after being removed from chest)
- Mucous plug: note that this is sufficiently inspissated that it is almost a cast of an airway branch 
Q5. In Figure 4: (a) What is the round structure shown on the left side of the photomicrograph? (b) What is the round structure shown on the right side of the photomicrograph? (c) What histological abnormalities are apparent in this low power photomicrograph? 

A5.
(i) Membranous bronchiole
(ii) Accompanying pulmonary artery
(iii) Mucous secretions within the airway lumen; airway inflammation/thickening 

Q6. Figure 5 is a higher power photomicrograph of an airway from this patient. What histological abnormalities are present? 

A6.
- Mucus within the airway lumen
- Epithelial necrosis and sloughing
- Apparent thickening of the subepithelial basement membrane
- Inflammatory infiltrates (prominent mononuclear cells and eosinophils)
- Vascular congestion 

Case 3 

Mr. C is a 26 year-old man who has been hospitalized on numerous occasions for complications of cystic fibrosis. Sputum culture has repeatedly grown mucoid forms of Pseudomonas aeruginosa. 

Q1. What is the significance of results of sputum culture? 

A1. Mucoid forms of Pseudomonas aeruginosa typically colonize airways of CF patients. 

A CT scan is performed (Figure 1). 

Q2. What is the interpretation of the plain film? 

A2. CT scan shows extensive bronchiectasis 

Pulmonary function tests are performed.

	
	Pred
	Pre Meas
	% Pred
	
	
	Pred
	Pre Meas
	% Pred

	Spirometry
	
	
	
	
	Bodyplethysmography
	
	
	

	FVC [L]
	4.81
	2.446
	51
	
	VC [L]
	4.81
	3.09
	64

	FEV 1 [L]
	4.03
	1.10
	27
	
	IC [L]
	
	2.86
	

	FEV 1 / FVC [%]
	83.66
	44.67
	53
	
	ERV [L]
	1.92
	0.24
	12

	FEF 75-25 [L/s]
	4.36
	0.18
	4
	
	RV [L]
	1.66
	4.75
	286

	PEF [L/s]
	8.77
	3.42
	39
	
	TGV (FRC) [L]
	3.53
	4.98
	141

	FVC IN [L]
	4.81
	3.09
	64
	
	TLC [L]
	6.24
	7.84
	126

	
	
	
	
	
	RV / TLC [%]
	27.68
	60.54
	219


Q3. What is the interpretation of: (a) forced expiratory flow rates? (b) subdivisions of lung volume? 

A3.
(a) Forced expiratory flow rates
- Airflow obstruction (decreased FEV1, FVC)
- In contrast to Case 2, FEV1/FVC is abnormal
(b) Subdivisions of lung volume
- Increased TLC, FRC and RV (gas trapping) 

Mr. C is on the waiting list for lung transplantation surgery, but unfortunately dies before a suitable donor organ becomes available. An autopsy is performed. 

Q4. Figure 2 show gross lung findings. What abnormalities are present? 

A4. Bronchiectasis plus pneumonia and abcess formation 
Q5. Figure 3 is a low power photomicrograph of the lung. What is the main histological abnormality? 
A5. Bronchiectasis 
Q6. Figure 4 is a medium power photomicrograph of an airway from this case. What histological abnormalities are present? 

A6. Mucous secretions within the airway lumen; Chronic airway inflammation, with some goblet cell metaplasia of the epithelium. 
Q7. Figure 5 is a high power photomicrograph of the lung. What are the structures shown at centre, and what histological abnormalities are present? 

A7. The structures are dilated submucosal glands (note that a lower power view of these glands is present in Figure 5). The glands show inspissated secretions within their lumens (typical of CF secretions). 

