Acid Base
Approach to problems

The first question is to find whether the plasma pH is abnormal. To take a simple-minded approach, let us categorically state that the normal blood pH is 7.40 exactly (you realize that this is an oversimplification, the normal plasma pH is 7.35-7.45). Now any pH above 7.40 we will call alkalosis and anything below that we will call acidosis. Our next question will be is the problem metabolic or respiratory, and this will require knowledge of either the pCO2 or the HCO3, preferably both of them. Once you make the diagnosis of the abnormality, then the differential diagnosis is relatively straightforward and only requires memorization of these causes.

Case 1 
First values

pH 7.32 pCO2 28 HCO3 15 mEq/L

1-3. The patient has acidosis (pH<7.4). Low HCO3 with acidosis means he has metabolic acidosis; the brain responds to acidosis (compensates) by hyperventilating hence the pCO2 is low. In acidosis the compensation by the brain is so fast (within seconds,) that there is little difference between acute and chronic.

1. The anion gap is Na125 - (Cl 90+HCO3 15) = 20. It is high

2. The two things to remember are Lactic Acidosis and Diabetic ketoacidosis. The rest are much rarer; but see table 1 on p.93. The likely cause here is lactic acidosis because the patient's pO2 is pretty low (56) which stimulates glycolysis causing increased production of lactic acid. Severe CHF can cause decreased oxygenation.

New Values after treatment   pH 7.48;  pCO2 44  HCO3  35

6-8 The patient now has alkalosis (pH>7.40) and it is metabolic, HCO3 is 35 and the pCO2 is high 44; i.e. the patient has chronic metabolic acidosis with an increase in pCO2 because the alkalosis inhibits the respiratory drive. 

9 Non-renal H loss is typically seen in vomiting, or in suction of the gastric or upper GI tract. We are not told that the patient is vomiting, so we don't know, but probably it doesn't apply here.

10 H+ secretion by the kidney occurs in the proximal tubule and the collecting tubule. The table below lists the conditions that affect them and all are discussed in the syllabus

Proximal Tubule




High pCO2

Decreased ECF Volume (Hi AII, hi Filtration Fraction)

Hypokalemia (makes the cell acid)

Chronic Acid Base status

Collecting Tubule


 
high pCO2



Aldosterone

Lumen negative potential produced by stimulated Na absorption



Hypokalemia (makes the cell acid)



Increased NH3 production



Chronic Acid Base status

11. Aldosterone is likely to be elevated in patients with CHF on diuretics.

Aldosterone stimulates H secretion in the collecting duct directly and stimulates Na reabsorption there as well. Increased Na reabsorption will make the lumen of the tubule more negative which will tend to stimulate H secretion.

12. Serum K is 3.2. As you see in the Table above, this will tend to stimulate H secretion. Because hypokalemia induces cellular acidosis this stimuulates H secretion.

13. Diuretics inhibit Na absorption and the most commonly used ones do it in the thick ascending limb (furesemide) or the distal tubule (thiazides). They often produce volume depletion which stimulates HCO3 absorption in the proximal tubule. Volume depletion increases aldosterone which stimulates H secretion in the collecting tubule. Most importantly, the diuretics increase Na delivery from segments that are proximal to the collecting duct. In the presence of high aldosterone, the collecting tubule is primed for Na absorption; increased Na delivery will produce a large increase in Na transport and therefore a large membrane potential negative inside. This will stimulate H secretion. 

Case 2 

Initial studies

pH 7.8,  pCO2 20,   HCO3 39

1. The patient has alkalosis that is both respiratory and metabolic.

Second studies soon after demerol
pH 7.5, pCO2 50, HCO3 39 

2. Carpo-pedal spasm, an acute painful spasm of the thumb apposedd to the little finger and spasm of the sole of the feet. It is induced, it is thought by severe intracellular alkalosis which causes increased firing at some neuromuscular junction.  Clinically it is also seen in severe hypocalcemia.

Painful condition often induce hyperventilation. Demerol (an opiate) reduces the pain, relieving the hyperventilation (pCO2 went up from 20 to 50 mmHg) uncovering the underlying "pure" metabolic alkalosis.

3 This patient started with excessive vomiting which means acid was lost from the body leaving excess HCO3 behind. However, if her ECFvolume was normal, she would be able to excrete the excess HCO3 easily. But continuous vomiting resulted in extracellular volume depletion. This led to hi renin and AII which increases reabsorption of NaCl and NaHCO3 in the proximal tubule. High aldosterone also stimulates H secretion in the collecting tubule. Hence, not only is she losing acid but she could not excrete the excess HCO3 because the kidney is now primed to secrete H ion which is equivalent to generating new HCO3 and adding it to the body fluid. Hence, the alkalosis.  The urine pH as we would expect is acid (5.5) and is produced by H secretion by the collecting tubule. It is the kidney that is producing the metabolic alkalosis since it is secreting excess H ions under the stimulus of aldosterone. If the urine pH was alkaline (i.e. full of HCO3) she wouldn't be alkalotic!

4 The plasma HCO3 went up from 39 to 42 because they were removing acid from her stomach which is equivalent to adding HCO3 to the body fluids.

5-6 Correct treatment is giving this patient NaCl which corrects the volume depletion reduces AII and aldosterone and allows the kidney to excrete HCO3. When this occurs the urine pH will be high due to excretion of HCO3

Giving spironolactone will inhibit the effect of aldosterone but it will not get rid of the excess HCO3 retained. It is likely that the uring pH will rise due to inhibition of H secretion.

KCl replacement will improve hypokalemia, even that will be equivocal since it is difficult to correct hypokalemia in the presence of hyperaldosteronism. It will not correct the alkalosis significantly since the patient still has an excess of HCO3 and cannot excrete it. It will have no effect on urine pH.

Infusion of 0.1 N HCl (i.e. 100 mEq/L of H) will certainly correct the alkalosis, but it will have no effect on volume depletion or hypoaldosteronsim or urine pH. The alkalosis will recur unless the HCl is continued, so it is not a "radical" treattment.

Case 3

Initial studies
pH 7.45, pCO2 30, HCO3 20

1. The patient has alkalosis (pH>7.45) and it is respiratory (low pCO2) and it is compensated (i.e.e chronic) since the HCO3 is 20. Low pCO2 inhibits H secretion and HCO3 reabsorption in the tubule causing a net losss of HCO3. Many patients with cirrhosis have hyperventilation for unknown reasons. 

2. New studies after 1 week   pH 7.48, pCO2 52 HCO3 36

The patient now has metabolic alkalosis.

3.
The patient developed volume depletion from diuretics and lactulose (an agent that often causes some mild diarrhea). This led increased proximal HCO3 reabsorption (hi AII, hi FF) and stimulated H secretion in the collecting tubule under the influence of aldosterone. The diuretics contributed as described in the answer to case 1 #13.

Case 4
Initial studies pH 7.34,  pCO2 32,  HCO3 18

1. The patient has metabolic acidosis with normal anion gap (9)

2. Diarrhea, especially secretory diarrhea contains large amounts of HCO3 (about 60 mEq/L). Hence the patient had a loss of HCO3 which, if it persists for several days can cause acidosis.

3. New studies in the ER  pH 7.27  pCO2 20, HCO3 10

The patient's acidosis worsened after his MI. The anion gap now is 18. The msot likely event is lactic acidosis because of poor perfusion (low blood pressure).

Case 5
Initial studies   pH 7.62  pCO2, 20 HCO3 22

1. The patient has acute respiratory alkalosis with beginning compensation (HCO3 is 22). Aspirin, Acetyl salicylic acid is a drug with many powerful pharmacological effects, some of which we understand and others we don't. It stimulates the respiratory center. Hence, respiratory alkalosis is the first thing that happens.

2
Second test after a few hours
pH 7.58, pCO2 18 HCO3 18.

In Aspirin intoxication (very rare now), after the drug gets absorbed it gets metabolized to salicylic acid. While the respiratory alkalosis continues, a new problem gets added to it, metabolic acidosis. The cause is the presence of salicylic acid, in part. Aspirin and salicylic acid are uncouplers of oxidative phosporylation which usually leads to stimulation of glycolysis and lactic acid production. 

3 The anion gap, now 27 is due to lactate and salicylate.

Case 6

Initial studies pH 7.35, pCO2 31  HCO3 18

1. Anion gap is 8

2. The patient has mild metabolic acidosis 

3. The patient creatinine is 2.2, hence the patient has almost one half of his nephrons in a functional state. Hence, they should be able to respond to metabolic acidosis by increasing ammonia production leading to correction of acidosis. Hence, renal failure per se cannot be the cause. With a normal anion gap, either the acidosis is due to extra-renal losses of HCO3 (mostly diarrhea), drinking HCl (how likely is this) or a defect in the tubule's ability to secrete acid. Many patients with diabetes have interstitial nephritis which results in many tubular defects including acidosis, hyporeninemic hypoaldsoteronism and hyperkalemia, a defect in K secretion.

4. Although there might be a defect in H secretion, it doesn't take much to make the urine acid since a pH of 5.5 means the urine has a few micromoles of acid in a liter. Remember the kidney secretes more than 5000 milli-equivalents a day.

5. Hyperkalemia inhibits ammonia production and hence correction of it will improve the acidosis whether it completely correct , we will have to try it on this patients. Studies done on this problem show that that it won't completely correct it.

6. Distal renal tubular acidosis is a defect in the acid secretion mechanism where the urine cannot be maximally acidified. Hence, such patients cannot reduce the urine pH to below about 6. So this patient does not have it.

7. In proximal RTA, initially the defect prevents complete HCO3 reabsorption, hence there will be excessive loss of HCO3 in the urine. The HCO3 level in the blood usually stabilizes at a level low enough to allow complete reabsorption. At that point, the collecting tubule, which is normal can secrete acid and acidify the urine maximally. So patients with proximal RTA can have maximally acidic urine. But if we increase their plasma HCO3, then their urine will become alkaline well before we reach the normal HCO3 concentration.

