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Metabolic Acidosis

· Components:
·  [HCO3-]plasma,  [H+],  pH
· Secondary/adaptive  PCO2
· Causes (Bolded most common):
· Loss of HCO3- rich fluid from the body 
· GI tract (SB diarrhea) or Kidneys (carbonic anyhydrase inhibitors, proximal RTA) 
· Addition of fixed acid to the body 
· Toxins (EG, Salicylate) 
· Therapeutics (Ammonium Chloride, cationic amino acids) 
· Production of acid by metabolism within the body 
· Lactic Acidosis, DKA 
· Failure of renal excretion of fixed acid 
· Renal failure, hypoadrenocorticism, distal RTA

Acid [H+] buffering 

· 40% extracellular HCO3-
· Within minutes of acute fixed acid load 
· Plasma proteins and phosphates play minor role
· H+ + HCO3- > CO2 + H2O > CO2 removed by alveolar ventilation 
· 30 minutes: acid load distributed to interstitial fluid > HCO3- dominant buffer 
· 10% RBC buffers (Hgb) 
· 50% intracellular buffers of ST and bone (proteins and phosphates) regardless of magnitude of acid load 
· Hours: H+ goes intracellular in exchange for Na+ and K+ > buffered by proteins and phosphates ( [K+]serum increased,   [Na+]serum) 

Respiratory response to an acute acid load. 

·  [H+] stimulates peripheral and central chemoreceptors to increase alveolar ventilation 
· Begins within hours and is complete in 12-24 hours 
· 1 mmHg  PCO2 for each 1 mEq/L  in [HCO3-]
· secondary hypocapnea (hyperventilation) can  [HCO3-]plasma further (~40% of total decrease) by reducing renal bicarb reabsorption (chronic metabolic acidosis) 


Renal Response to Acute Acid Load 

· Needs to excrete the fixed acid load 
· Augments excretion of NH4+
· NH4+ excretion can increase 5-10 fold in chronic metabolic acidosis 
· Cl- ions move with NH4+ into the urine 
· HCO3- regenerated and reabsorbed into excel fluid to restore titrated bicarb
· 25% of fixed acid load excreted in 48 hours and the remainder over next 4 days 
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Clinical features of metabolic acidosis 

· Cardiovascular effects
·  CO,  BP, hepatic & renal blood flow
·  myocardial contractility when pH < 7.20
· Displacement of calcium ions from critical binding sites on contractile proteins 
· Predisposes to ventricular arrhythmias or ventricular fibrillation 
· Arterial vasodilation  
· Venous vasoconstriction 
· Shifts Oxygen – HGB dissociation curve to the right [image: ]
· Enhances oxygen release from hemoglobin 
· Offset by decrease in 2,3 diphosphoglycerate in 6-8 hours, shifts curve back to left 
· Insulin resistance, inhibits phosphofructokinase 
· Shifts liver from consumer to producer of lactate 
· Impairs ability of brain to regulate its volume > obtundation and coma
· Acute mineral acidosis > hyperkalemia (K shift from ICF to ECF in exchange for H+) 
· Not observed with organic acidosis 
· Increased ionized serum calcium: displacement of calcium ions from negatively charged binding sites on proteins (albumin) as sites become protonated
· Release of bone buffer (calcium carbonate) > osteodystrophy and hypercalciuria (chronic metabolic acidosis) 

Diagnosis of Metabolic acidosis  
	
· AG = UA – UC = (Na + K) – (Cl + HCO3) 
· Net negative charge on sulfates, phosphates, plasma proteins, organic anions (lactate etc)
· Normal anion gap (hyperchloremic metabolic acidosis) 
· Reciprocal increase in plasma chloride concentration to balance decrease in plasma bicarb concentration  
· Increased anion gap (normochloremic metabolic acidosis) 
· AG from acid that does not contain chloride as its anion (phosphates, sulfates) or organic acids (lactate, ketoacids, salicylate, EG) 
· Titration of body buffers by the acid results in accumulation of anion other than chloride
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Figure 9-9 A and B, Regeneration of new HCO, ™~ by ammonium excretion in renal tubules. CA, Carbonic
anhydrase. (Drawing by Tim Vojt)
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