Rose and Post Chp 18 – Metabolic Alkalosis

Generation of metabolic alkalosis
· There is an equimolar generation of HCO3 for each mEq of H+ that is lost
· Loss of Hydrogen
· GI – Gastric secretions, antiacid therapy, Cl losing diarrhea
· Renal – Diuretics, mineralocorticoid excess, low Cl intake, milk-alkali syndrome
· H+ movement into cells 
· Usually due to hypokalemia – as extracellular K concentration falls, there is increased movement of K from intra to extracellular space. To maintain electroneutrality H+ from extracellular space moves intracellularly. Results in extracellular alkalosis and paradoxical intracellular acidosis
· Retention of Bicarb
· Massive blood transfusion, Bicarb administration, milk-alkali syndrome
· Contraction alkalosis – usually diuretics
· Occurs when fluid lost contains Cl but little or no HCO3
· Extracellular volume contracts around a constant quantity of HCO3 – thus plasma HCO3 rises
· Patients with metabolic alkalosis almost always hypochloremic
Maintenance of metabolic alkalosis
· The perpetuation of metabolic alkalosis requires impairment in renal HCO3 excretion
· Reduction in GFR – decreases filtered HCO3 load
· Elevation in tubular resorption  - (likely more important)
· Can occur due to hypokalemia, volume and chloride depletion, hyperaldosteronism
· Effective circulating volume depletion
· Need to conserves Na during volume depletion, in order to maintain electroneutrality less anions can also be excreted, ie less HCO3
· Therefore: Increase HCO3 secretion results in increased Na loss 
· Secondary hyperaldosteronism may also promote this – aldosterone stimulates the H-ATPase pump in collecting tubules – more H+ excretion = more HCO3 resorption
· Aldosterone also promotes Na transport out of collecting tubule – results in negative tubule charge, favors H+ flux into tubule and therefore more HCO3 resorption
· Concurrent Cl depletion – to the degree that Na is resorbed but Cl cannot follow to dissipate the electrical gradient there will be an increase negative charge in tubule favoring H+ secretion and resulting in more HCO3 resorption. 
· Acid urine despite the presence of extracellular alkalemia
· Cl depletion
· Restoration of volume with Cl deficient fluids does not correct alkalosis BUT administration of non-Na containing Cl salts (KCl, ect) do not restore euvolemia but result in correction of alkalosis
· Activity of the Na-K-2Cl transporter in the macula densa is primarily dependent on Cl availability
· Dec. Cl resorption in macula densa will promote renin release hyperaldoseronism increased distal H secretion
· Intercalated cells in collecting tubules have luminal H-ATPase pump that results in passive secretion of Cl into the lumen to maintain electroneutrality. 
· Less Cl in tubular fluid will result in a more favorable gradient for passive Cl secretion into the lumen resulting in more H+ secretion
· Some intercalated cells have H-ATPase pump on basolateral membrane and a Cl/HCO3 exchanger on the luminal membrane
· This exchanger can result in HCO3 secretion but relies on high Cl level in the tubular fluid relative to intracellular levels to drive the process. Lowering Cl in tubular fluid (met alkalosis) decreases the gradient and minimizes the ability of this transporter to secrete bicarb. 
· Hypokalemia – promotes H secretion and HCO3 resorption
· The intracellular acidosis that occurs with hypokalemia increases H secretion
· In distal nephron there is a H-K ATPase pump that is activated during hypokalemia
· More K resorbed = more H secreted = more HCO3 resorbed
· Aldosterone also stimulates this pump
Respiratory compensation
· Alkalemia sensed by respiratory chemoreceptors resulting in reduced ventilation and increased CO2
· PCO2 rises .7 mm Hg for each 1 mEq/L increase in HCO3
· The intracellular acidemia that results from respiratory compensation stimulates further H+ secretion further raising HCO3 levels – after a few days the arterial pH is the same as if no compensation had occurred. 
Diagnosis
· In patients with Cl losses – urinary, GI, other – urine Cl concentration should be less low as long as diuretics are not currently onboard causing Cl loss
· In patients with high urine Cl it is likely mineralocortiocoid excess or alkali loading
Treatment
· Saline responsive alkalosis
· Reverses volume contraction
· Removes renal Na retention stimulus permitting NaHCO3 excretion
· Increased Cl delivery to collecting ducts promotes HCO3 excretion
· Saline resistant alkalosis
· Edematous states – patients with cirrhosis, CHF, nephrotic syndrome that are treated with diruetics may develop metabolic alkalosis
· Reduced effective circulating volume leading to sodium avidity and renal insufficiency lead to HCO3 resportion. 
· Tx – acetazolamide, withhold other diuretics if possible, HCl or dialysis

Questions: 
1. T or F: In order for a metabolic alkalosis to persist, there must be an impairment in the kidney’s ability to excrete bicarbonate. 

2. List three main mechanisms that may impair the kidneys ability to excrete bicarbonate:
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3. Describe the two mechanisms by which aldosterone impairs the kidneys ability to excrete bicarbonate: 




4. Explain two mechanisms by which hypokalemia may impair the kidneys ability to excrete bicarbonate: 





5. List two possible treatments for a patient with saline-resistant alkalosis who is edematous: 


