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C.P. SEMINAR ‑ pH

ANSWER SHEET
CASE ONE:
1)
This man was allowed to develop a profound metabolic alkalosis through continuous removal of hydrogen ions (the gastric suction).  His arterial blood pH is likely to be pH 7.5 or greater because of this.

2)
The weakness is related to the hypokalemia and also to his immobilization in bed without a satisfactory food intake for three days.

3)
This man is hyponatremic because he has had continuing removal of gastric juice that contains sodium chloride while receiving only water to replace the fluid.  The hypokalemia is due to obligatory losses and redistribution of K+ ions (alkalosis); some K+ was also lost via the gastric fluid.

4)
Saline:  Once this man's hyponatremia is reversed and his vascular volume replenished, he will regain enough renal function to accomplish renal compensation through hydrogen ion retention.  Addition of potassium is indeed necessary.

CASE TWO:
1)
There is an acid base disturbance.  The arterial pH is slightly alkalotic in the presence of a very low pCO2.  The bicarbonate is low and the base excess strongly negative.  These findings are significantly outside the normal range.  

2)
The low pCO2 indicates significant hyperventilation.  This if uncomplicated, would produce a profound respiratory alkalosis.  The pH however, has only changed slightly.  This small change in pH in the presence of a very low pCO2 can only occur if there is a very significant metabolic acidosis present.  This is confirmed by the level of bicarbonate which at 9 is significantly depressed and a base excess of ‑11.8 both of which are compatible only with a severe metabolic acidosis.  The acid base disturbance can therefore be categorized as a mixed disturbance with metabolic acidosis and respiratory alkalosis (induced by salicylates).

3)
The anion gap is calculated by adding the cations (Na++ K+) and subtracting the anions (Cl‑+ HCO3‑).  In this case (143 + 4.1) ‑ (109 + 10) = 28.1.  The normal anion gap is 14 to 18 mmol/L.  This represents the unmeasured anions which balance the cations and in the normal individual is made up of the protein ion charge.  If a significant anion such as lactate, ketones or salicylate is present (accompanied by appropriate cations) the anion gap will be seen to be increased in proportion to the amount of measured anion present.  It is elevated in this patient due to the presence of salicylates which the patient has taken in overdose.  The anion gap can thus be used to determine if a metabolic acidosis is produced by an unmeasured acid or if it is secondary to loss of base such as in diarrhea. 

4)
Metabolic acidosis represents a disturbance in which there is loss of buffer as demonstrated by decreased bicarbonate.  This process can be produced by a number of causes:

i)
Associated with high anion gap;

a)
Increased endogenous organic acid production:

lactic acidosis, ketoacidosis.

b)
Failure to excrete organic acids:

renal failure (accumulation of SO4 and PO4).

c)
Exogenous acid load:

salicylates, ethylene glycol (oxalic acid), methanol (formic acid).

ii)
Associated with normal anion gap ‑ Loss of bicarbonate:

a)
from GI tract ‑

diarrhea, gastrointestinal suction, ileostomy;

b)
renal loss ‑

renal tubular acidosis, carbonic anhydrase inhibitors, hypoaldosteronism.

5)
This is a severely toxic salicylate level.  Salicylate has a direct stimulatory effect on the respiratory centre which will produce hyperventilation and respiratory alkalosis.  In addition, the salicylate is an acid and will produce a metabolic acidosis.  This explains the mixed respiratory alkalosis and metabolic acidosis that this patient has.  Of course, a profound acidosis such as this even in the absence of salicylates would be accompanied by significant hyperventilation as part of the body's normal respiratory compensation in an attempt to maintain a safe arterial pH.
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