Metabolic Acidosis
Metabolic Acidosis is a fall in plasma HCO3, low arterial pH, and compensatory hyperventilation 
to blow off CO2.  So in metabolic acidosis, pH, HCO3, and CO2 are all lowered.  


In respiratory acidosis, CO2 and then HCO3 are both elevated.
Two kinds of acids – carbonic and titratable
Carbonic acid comes from metabolism of carbohydrates and fats, which releases CO2.  This CO2 
combines with water to form carbonic acid.
Titratable acids come from metabolism of proteins, which releases sulfuric and phosphoric acids.  
These are what cause metabolic acidosis if kidney funtion is impaired.

HCO3 is the extracellular buffer:    
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Bones and cells are the intracellular buffer.  As H+ moves into cells, K+ moves out.  So acidosis 
can also cause hyperkalemia.
Acidosis will cause increased tidal volume, rather than respiratory rate (“Kussmaul’s respiration”).
Acid excretion in the kidneys
Filtered HCO3 is completely reabsorbed (90% proximal tubule, 10% distal tubule).  This requires 
carbonic anhydrase.
(Raymond removed images of bicarbonate reabsorption in the proximal and collecting tubules.)

H+ is secreted by tubular cells into lumen using a Na+/H+ exchanger, and by intercalated cells using 
an H+ ATPase.  H+ in the lumen is buffered by titratable acids HSO4-, HPO4-, or NH3.

(Raymond removed images of titratable acidity in the proximal and collecting tubules.)

Acidosis will stimulate kidneys to generate lots of NH3 to buffer H+ in the lumen.  Once it becomes 
NH4+ it cannot diffuse back into cells and is stuck in the lumen and will be excreted.  


NH3 is the main acid buffer in the urine.
(Raymond removed images of ammonium formation in the proximal and collecting tubules.)
Solving Acid-Base Problems
pH = 
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Always look at the HCO3 levels and compare to pH.  If there is acidic pH with low HCO3, it is 
metabolic acidosis.  If there is acidic pH with high HCO3, it is respiratory acidosis.
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Anion Gap and Acid Poisonings   (“SLUMPED”)
Anion Gap is the difference between measured cation and anion concentration.  It is a laboratory 
artifact, and is usually 5-11 meq/L.
**A larger anion gap indicates there are other unmeasured anions around, such as ketoacids, 
lactic acid, aspirin, methanol, ethanol, or ethylene glycol.
--Ketoacidosis:  if insulin is low/insensitive (DM 1 or 2, starvation+alcoholism, Atkins diet), 
glucagon rises.  Fatty acids are converted to acetoacetic acid and β-hydroxybutyric acid, 
which are cause the ketoacidosis and also create a large anion gap.  Acetoacetic acid is 
also converted to acetone, which is the ketone found in urine and “ketone breath” odor.
--Lactic acidosis:  normally, glucose goes to pyruvate which goes through TCA cycle.  During 
anaerobic metabolism, lactic acid forms and builds up in blood.
--Aspirin:  converted to salicylic acid.  ASA poisoning causes tinnitus, vertigo, nausea, diarrhea.
--Methanol:  metabolized in the liver to formaldehyde and then to formic acid, both of which are 
highly toxic.  They cause weakness, blindness, coma, and death.  Formic acid causes the 
metabolic acidosis and anion gap.  Administration of ethanol blocks methanol metabolism!
--Ethylene glycol:  metabolized to oxalic acid, which may even be seen as crystals in the urine.  
Ethylene glycol poisoning causes drunkennes, tachypnea, flank pain, and renal failure.
Normal Anion Gaps and Metabolic Acid Buildup (loss of HCO3)
This is often caused by impaired renal tubules, which then leads to H+ accumulation.  This 
phenomenon is called Renal Tubular Acidosis (RTA).  

--*Renal failure:  impaired tubular function causes retention of H+, leading to a normal anion gap 
metabolic acidosis.  However, impaired GFR causes a high anion gap metabolic acidosis.
--Type 1 (distal) RTA:  defect is in the collecting duct H+ ATPase.  Patients cannot acidify urine.  
Kidney stones are common.  Urine pH will stay above 5.3.  No hyperkalemia.
--Type 2 (proximal) RTA:  defect is in proximal tubule HCO3 reabsorption, causing wasting of 
HCO3 in the urine.  Urine pH drops below 5.3
--Type 4 (hypoaldo) RTA:  defect is in collecting duct H+ and K+ secretion due to aldosterone 
deficiency.  NH3 and NH4+ are both very low.  Patients have hyperkalemia and hyper-HCO3, 
and urine pH drops below 5.3. 

RTA Type 1 and 4 have no urine anion gap.
--Diarrhea or laxative abuse:  HCO3 is lost in the stool, and Cl- rises due to increased reabsorption.

The lost HCO3 causes metabolic acidosis, but the Cl- creates a normal anion gap.

Diarrhea has a negative urine anion gap.
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Aldosterone deficiency




acidification

bicarb reabsorption

or resistance

Urine pH

>5.3


usually <5.3


usually <5.3

Plasma HCO3-

< 10 meq/L

usually 14-20 meq/L

usually >15 meq/L

Plasma K+

low, normal or high
normal or reduced

elevated

Complications

kidney stones 

Rickets



Hyperkalemia
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