Outline of Lectures 38 (01-05 PP; Lim) and 39 (01-05 PP; Atta)

Metabolic Acidosis and Alkalosis

Acid/base physiology

Acid-base equilibrium



pH = 6.1 + log [HCO3] / (0.3 PCO2)



simplified (normal conditions):  H+ = 24 PCO2 / HCO3

Proximal tubule reabsorbs HCO3


- Reclamation via Na/H antiport



- Generation from CO2 (carbonic anhydrase) w/ acid secretion



- Generation from Gln with NH4+ secretion


Collecting duct secretes acid


- Principal cell: Na reabs via ENaC makes lumen negative, promoting acid secretion (aldosterone +ve regulation)



- Intercalated A cell: H/K antiport and H+ ATPase pump



- Exception: intercalated B cell secretes base (like an reverse polarity A cell)

Metabolic alkalosis


Def:  high pH (> 7.4) due to high HCO3 (> 24)


Check for respiratory compensation: expect (( HCO3 ( 0.5-0.7 ((PCO2

Consequences of alkalemia: ( respiration, ( Hbg O2 affinity, vasoconstriction

Factors that promote acid secretion (alkalosis maintenance)


( ECF

(( GFR ( ( filtered HCO3) (( Na/H antiport) (aldosterone)



( K

(( Na/H antiport) (( NH3 generation)



( Cl

(( intercalated A cell activity, ( intercalated B cell activity)



Aldosterone
(( Na reabs in collecting duct)

	UCl
	Cl-sens?
	Differential

	0
	Yes
	Gastric alkalosis (vomiting, nasogastric suction)

Gen: H+ loss


Maint: Cl loss ( ( ECF


Other: ( HCO3 ( renal K loss (only scenario HCO3 > 45)

	0
	Yes
	Congenital chloridorrhea

Gen: No Cl/HCO3 exchange in GI ( ( HCO3

Maint: ( ECF

	
	Yes
	Villous adenoma

	0 prior use
high curr use
	Yes
	Diuretics

Gen: ( Na reabs ( ( H,K loss


Maint: ( K and ( ECF (contraction alkalosis)

	
	No
	Bartter’s syndrome (see Lec 45)

Gen: mutated Na/K/2Cl coport ( like loop diuretic


	
	No
	Gitelman’s syndrome (see Lec 45)

Gen: mutated Na/Cl coport ( like thiazide

	
	Yes
	Post-hypercapnia

Gen: CO2 retention ( ( HCO3, ( Cl


Maint: ( ECF

	
	No
	High renin state (malignant HTN, renal artery stenosis, estrogen, renin secreting tumors)

Gen & Maint: renin ( aldosterone

	High
	No
	Low renin state (1( hyperaldosteronism ( contraction alkalosis)

	High
	No
	Liddle’s syndrome (see Lec 45) ( GOF mutated ENaC ( ( K ( contraction alkalosis


Metabolic acidosis


Def:  low pH (< 7.4) due to low HCO3 (< 24)


Check for respiratory compensation: expect (( HCO3 ( 1.2 (( PCO2

Anion gap



Serum:  AG = Na – Cl – HCO3 = 5-11 (nl)



Urine:  UAG = Na + K – Cl ( -[NH4]urine

High anion gap differential
	
	
	Extra anion
	Other

	MR.
	Massive rhabdomyolysis
	
	

	S
	Salicylic acid
	Acetylsalicylic acid
	

	L
	Lactic acidosis
	Lactic acid
	Dx lactate levels

	U
	Uremia (renal failure)
	
	

	M
	Methanol
	Formic acid
	Rx EtOH

	P
	Paraldehyde
	
	

	E
	Ethylene glycol
	Oxalic acid
	Dx urine oxalate cyrstals

	D
	Diabetic ketoacidosis
	Acetoacetic acid
	



Normal anion gap differential


Glue sniffing


toluene ( hippuric acid ( excreted



Diarrhea, ureterosigmoidostomy
GI loss of HCO3


Renal tubular acidosis, Type I
( H+ ATPase activity

UAG = 0



Renal tubular acidosis, Type II
( proximal HCO3 reabs

UAG < 0



Renal tubular acidosis, Type IV
hypoaldosteronism

UAG = 0

