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SCENARIO ONE


A 23-year-old man was found to be cyanotic, apneic and unresponsive in the orthopedic surgery ward following reconstructive knee surgery. About 30 minutes earlier he received 25 mg of intravenous (IV) morphine for pain relief. While he is being assessed and resuscitated, an arterial blood gas sample was taken, revealing the following:
pH 

7.08
PCO2

80   mm Hg

HCO3
 
23  mEq/L (mmol/L)

Question 1. Which of the following is TRUE?

A.
A metabolic acidosis is present.
B.
This is a clinical picture compatible with acute respiratory acidosis. 
C.
This is a clinical picture compatible with chronic respiratory acidosis.
D.
The patient is hypocarbic from hypoventilation.
E.
The patient has a low bicarbonate level.
Question 2. Which of the following is FALSE?
A.
A respiratory acidosis is present.
B.
The arterial PCO2 is elevated.
C.
The 25 mg of intravenous morphine for pain relief was an overdose.
D.
The cyanosis was as a direct result of elevated arterial PCO2 levels. 
E.
The patient is hypercarbic from respiratory depression.
Question 3. Which of the following is FALSE?

A.
Respiratory acidosis is a primary increase in arterial PCO2; pH is decreased and HCO3
increases.
B.
Respiratory alkalosis is a primary decrease in arterial PCO2; pH is increased and HCO3 is decreased.

C.
Respiratory acidosis is due to CO2 retention from absolute or relative hypoventilation. It may occur from conditions that depress respiratory drive (like the administration of opiates like morphine), conditions that restrict chest wall movement (like being squeezed by a python), conditions that reduce pulmonary alveolar surface area (like emphysema), conditions that obstruct the upper airway (like epiglottitis), as well as other causes.
D.
Primary metabolic disturbances change the arterial PCO2 primarily (normal = 35- 45 mm Hg), with changes in serum HCO3 occurring in compensation.  
E.
The relationship between PCO2, pH and HCO3 is governed by the Henderson-Hasselbalch equation, regardless of whether the blood sample is arterial or venous in origin.
SCENARIO TWO

A 4-week-old baby boy is admitted to hospital with history of projectile vomiting of several days duration. The following blood gases are obtained:
pH 
 7.50

PCO2 
 49 mm Hg

HCO3 
 37 mEq/L (mmol/L)

Question 4. Which of the following is TRUE?

A. 
 The primary disturbance here is an elevated pH
B.
 The primary disturbance here is an elevated PCO2
C.
 The primary disturbance here is an elevated HCO3 
 
D. 
 The data are not compatible with the Henderson-Hasselbalch equation.
E.
 These are normal laboratory results for a 4-week-old baby.
Question 5. Which of the following is FALSE?

A. 
The primary disturbance in this case is metabolic, with the HCO3 being elevated. Since the PCO2 is raised in the face of an alkalemia, there is not a primary respiratory disturbance – the raised PCO2 merely indicates that respiratory compensation has occurred. 
B.
The expected PCO2 in metabolic alkalosis is 0.7 x HCO3 + 20 mm Hg  = [0.7 x 37] + 20  = 46 mm Hg. Since the actual PCO2 (49) and the expected PCO2 (46) are approximately the same in this case, this suggests that respiratory compensation is appropriate for a setting of metabolic alkalosis.
C.
The laboratory and clinical information is compatible with the following diagnosis: metabolic alkalosis from persistent vomiting due to pyloric stenosis.
D. 
The loss of gastric bicarbonate is the basis for the metabolic alkalosis in this setting.  
E.
Pyloric stenosis is fixed with an operation called a pyloromyotomy, where the surgeon spreads open the muscle around the pyloric valve.
SCENARIO THREE

Tony Soprano is undergoing treatment for frequent panic attacks. The attacks are accompanied by hyperventilation, a racing heartbeat (tachycardia), dizziness, feelings of “unreality” and tingling in the hands. In one particularly severe attack, when taken to the emergency department, an arterial blood-gas sample was taken, which revealed the following:
pH

7.52

PCO2

26 mm Hg

HCO3

22 mEq/L (mmol/L)
Question 6. Which of the following is TRUE?

A. 
 The primary disturbance here is an elevated pH
B.
 The primary disturbance here is a lowered PCO2  
C.
 The primary disturbance here is a lowered HCO3 
D. 
 The data are not compatible with the Henderson-Hasselbalch equation.
E.
 These are normal laboratory results.
Question 7. Which of the following is TRUE?

A. 
The data indicate that the respiratory disturbance is acute. 
B.
The data indicate that the respiratory disturbance is chronic.
C.
The data indicate that hypercarbia is present.
D. 
Treatment with a respiratory depressant agent like morphine would be a clinically sensible means to treat the hyperventilation.
E.
A clinically sensible means to treat the hyperventilation would be to encase his whole head in a plastic bag so that he rebreathes his expired CO2 
SCENARIO FOUR

A 31 year old man presents with lethargy, weakness, labored respiration, and confusion. He has had diabetes for 15 years, and has been suffering from the “intestinal flu” for a day or so, for which he has been avoiding food to help prevent further vomiting and “make his stomach ache go away”. Since he stopped eating, he thought that it would be a good idea to stop taking his insulin. When seen in the emergency department his urine dipped positive for both glucose and ketones and his breath had a strange sweet, fruity smell. The following arterial blood gas data was obtained:

pH 

7.27 

PCO2

23 mm Hg   

Sodium 
132 mEq/L 

Chloride
83 mEq/L

Potassium
4.9 mEq/L

HCO3

10 mEq/L  

Glucose 
345 mg/dL

Question 8. Which of the following is TRUE?

A. 
The data indicate that hypercarbia is present.
B.
The data indicate that hypoglycemia is present.
C.
The data indicate that an alkalemia is present.
D. 
The anion gap is 19 mEq/L. 
E.
An elevated anion gap type metabolic acidosis is present. 
Question 9. Which of the following is TRUE?

A. 
The primary disturbance here is a lowered PCO2

B.
The primary disturbance here is a lowered pH.
C.
The potassium level is dangerously elevated.
D. 
The labored respiration, with increased depth and rate of breathing, occurs because the patient is hyperventilating to lower the PCO2. This is known as “Kussmaul breathing”, after Adolph Kussmaul, the 19th century German doctor who first noted it.   
E.
The fact that glucose was present in the urine is initiative of renal gluconeogenesis.
Question 10. Which of the following is FALSE?

A. 
The scenario described is compatible with diabetic ketoacidosis (DKA). 
B.
According to "Winter's formula" the expected PCO2 in metabolic acidosis is [1.5 x HCO3] + 8   = [1.5 x 10] + 8 = 23 mm Hg. Since the actual and expected PCO2 are the same in this case, this suggests that the respiratory compensation is appropriate if this is, in fact, a case of metabolic acidosis.
C.
Diabetic ketoacidosis (DKA) is a condition of insulin insufficiency associated with hyperglycemia, dehydration, and an acidosis-producing metabolic derangement (ketonemia).
D. 
Treatment of this condition involves insulin administration coupled with fluid restriction.    

E.
The strange sweet, fruity smell on the patient’s breath was from elevated ketone levels in the blood.
SCENARIO FIVE

A 39-year-old woman had severe chronic back pain, which she treated aggressively with a variety of over the counter (OTC) Non Steroidal Anti-Inflammatory Drugs (NSAIDs) for a number of years. At a routine clinical visit her blood pressure is found to be elevated at 155/95. Her urine dips 2+ positive for protein, and microscopic examination of her urine reveals 4-5 white blood cells per high-power field (4-5 WBC / hpf) with a specific gravity of 1.01 and a pH of 5.0. An arterial blood gas sample is as follows:

pH

7.30

PCO2

32 
mm Hg

HCO3

15 
mEq/L

Sodium
138 
mEq/L 
Potassium
5.1 
mEq/L
Chloride
111 
mEq/L
Question 11. Which of the following is TRUE?

A. 
The primary disturbance here is a lowered HCO3  

B.
The primary disturbance here is a lowered PCO2

C.
The potassium level is dangerously elevated.
D. 
The anion gap is elevated.
E.
  An elevated anion gap metabolic acidosis is present.
Question 12.  Which of the following is FALSE?

A. 
The kidneys have been damaged, as evidenced by proteinuria and the fact that they are unable to secrete a normal hydrogen ion load. 

B.
This is likely a case of analgesic nephropathy resulting from chronic NSAID use
C.
This is a case of metabolic acidosis with normal (appropriate) respiratory compensation.
D. 
The renal toxicity of NSAIDs results from the blocking of prostaglandin formation, which can impair glomerular filtration.
E. Renal transplantation is indicated in this case.  
SCENARIO SIX – ACID-BASE NOMOGRAMS
Here is a simple acid-base nomogram that covers many of the simpler acid-base disorders. To use, simply locate the disorder from the PCO2 and pH (or H +) data. This approach, while potentially useful, does not consider Anion Gap data and other potentially important factors. Still, it nicely illustrates the primary acid-base disorders.  Note the lines of constant HCO3 strength that fan out from the origin. 
For more information see Can Med Assoc J. 1973; 109: 291-3 and  J Clin Chem Clin Biochem. 1987 25:795-8.
. 
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Questions 13 - 21
Match the laboratory data to the diagnosis using the nomogram shown above.

Question 13:   H + 60 nEq/L,  PCO2  25 mm Hg   
Question 14:   H + 40 nEq/L,  PCO2  40 mm Hg   
Question 15:   H + 30 nEq/L,  PCO2  55 mm Hg   
Question 16:   H + 65 nEq/L,  PCO2  75 mm Hg    
Question 17:   H + 50 nEq/L,  PCO2  75 mm Hg    
Question 18:   H + 25 nEq/L,  PCO2  25 mm Hg   
Question 19:   pH 7.25,  PCO2  80 mm Hg   
Question 20:   pH 7.10,  PCO2  70 mm Hg   
Question 21:   pH 7.50,  PCO2  55 mm Hg   
A
Metabolic acidosis

B
Metabolic alkalosis

C
Acute respiratory acidosis

D
Acute respiratory alkalosis

E
Chronic respiratory acidosis

F
Chronic respiratory alkalosis

G
Normal acid base status
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