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10-2-08 Acid-Base Disorders

Respiratory/Metabolic Acidosis/Alkalosis 

· Key Equation – Mass Action: [H+] = 24 * pCO2 / [HCO3-] ( think about respiratory alkalosis to figure out
· Metabolic Acidosis – excrete lots of HCO3-
· Metabolic Alkalosis – retain lots of HCO3-
· Respiratory Acidosis – retain lots of CO2
· Respiratory Alkalosis – breathe out lots of CO2     (blowing off CO2 makes sense, based on CA equation)
Physiological Response to Metabolic Acidosis 

· Extracellular buffering – HCO3- combines with extra H+



(immediate)

· Respiratory compensation – blow off CO2 in order to make more from H2CO3

(min – hrs)

· Intracellular/bone buffering – H+ shifts to intracellular compartments


(2-4 hrs)

· Renal Compensation – excrete more H+ in form of NH4+



(days)

Physiological Response to Respiratory Acidosis 

· Extracellular buffering – can’t do anything, this is what the problem is

(---)
· Respiratory compensation – can’t do anything, this is what the problem is

(---)
· Intracellular/bone buffering – H+ shifts to intracellular compartments


(2-4 hrs)

· Renal Compensation – excrete more H+ in form of NH4+



(days)

BASIC POINT: IT WILL TAKE LONGER TO COMPENSATE FOR RESPIRATORY ACID/BASE PROBLEMS

pH vs. pCO2 

· Normogram – plot [HCO3-] vs. pCO2 ( see what range point falls in (Resp/Met Acidosis/Alkalosis)
· Compensation – during a 1o acid-base disorder, can have a physiologic response to partially alleviate

· Appropriate compensation – is not considered a 2o acid-base disorder; should only partially help
· No compensation – this is considered a 2o acid-base disorder (there should be compensation!)
· BASIC POINT: NO COMPENSATION = MIXED ACID/BASE DISORDER

Respiratory Acidosis/Alkalosis

· Acute Respiratory Acidosis – acute airway obstruction, CNS depression, cardiac arrest, trauma

· Chronic Respiratory Acidosis – COPD, respiratory depression, MS, muscular dystrophy, restrictive

· Acute/Chronic Respiratory Alkalosis – hypoxemia, drugs (hypervent), pregnancy, sepsis, anxiety

Metabolic Alkalosis 

· Increased bicarb – rarely seen b/c it basically occurs b/c bicarb is being dumped in (iatrogenic), Milk-Alkali
· Aside: the whole drinking a gallon of milk thing causes this (seriously, I know someone that this happened to, don’t do it, it’s not fun, you’ll vomit/get metabolic alkalosis)

· Chloride Responsive – from volume loss (vomiting, diuretics etc.) ( hold on to NaCl, can remedy by giving more NaCl

· Chloride Unresponsive – hyperaldosteronism, increased RAS system (HTN, 1o aldosteronism)
Metabolic Acidosis 

· Hyperchloremic Acidosis (Non-AG Acidosis) – add HCl: HCl + HCO3- (( CO2 + H2O + Cl-
· Causes – can be GI bicarbonate loss (diarrhea), renal acidosis
· Anion Gap Acidosis – add some organic acid: HA + HCO3- (( CO2 + H2O + A-
· Anion Gap = [Na+] – [Cl-] – [HCO3-] ( increases in Anion Gap acidosis

· Normal AG should be 12 +/- 4 mmol/L
· Causes – usually more serious ( lactic acidosis, ketoacidosis, uremia, methanol poisoning
· Lactic Acidosis – two types

· Type A – more common, tissue hypoperfusion/hypoxia, due to anaerobic metabolism producing lactic acid

· Type B – other causes, drugs, hereditary, thiamine deficiency, liver failure, malignancy, D-lactic acidosis 
Mixed Acid Base Disorders

· Presence of 2 or 3 independent disorders – not the same as a compensatory response where pH doesn’t return to normal
Case #1: pCO2 = 23, HCO3- = 10 ( [H+] = 24*23/10 = 55.2
Metabolic acidosis, since calculate [H+] > 40, caused by low HCO3-  (partially compensated by respiratory)

Case #2: pCO2 = 60, HCO3- = 26 ( [H+] = 24*60/26 = 55.4
Acute Respiratory Acidosis, since calculate [H+] > 40, caused by high pCO2   (HCO3- hasn’t changed much yet = acute)

Case #3: Respiratory distress, pulmonary edema. 
pH = 7.02, pCO2 = 60, HCO3- = 15, Cl- = 95, Na+ = 140

Mixed Acidosis, since pH < 7.4, high pCO2 and low HCO3- ( both contribute to acidosis

· Low HCO3- caused by lactic acidosis/ketoacidosis/uremia, since AG = 140 – 95 – 15 = 30 (high AG)

· High CO2 caused by respiratory distress

Case #4: pCO2 = 30, HCO3- = 30 ( [H+] = 24*30/30 = 24
Mixed Alkalosis, since [H+] < 40, low pCO2 and high HCO3- ( both contribute to alkalosis

Case #5: [H+] = 40, pCO2 = 20 ( 24*20/40 ([HCO3-] = 12

Metabolic acidosis and Respiratory alkalosis ( if there is compensation, it would only be partial, not complete!

· In this case, the metabolic acidosis completely cancels the respiratory alkalosis, thus both pathological

Case #6: [H+] = 80, pCO2 = 40 ( 24*40/80 ( [HCO3-] = 12
Metabolic acidosis and Respiratory acidosis
· A normal pCO2 means no respiratory compensation (pCO2 should be low) when there should be one! ( must be acidosis
Case #7 Diabetic doesn’t take insulin, vomits     pH = 7.36, pCO2 = 35, HCO3- = 20, Cl- = 90, Na+ = 140, K+ = 3.8

Metabolic acidosis and metabolic alkalosis! Seems paradoxical… balance each other out, but still very sick

· Metabolic alkalosis – from vomiting ( not eating ( not taking insulin
· Anion Gap = 140 – 90 – 20 = 30 ( much greater than 12, thus patient very sick (must have some sort of metabolic acidosis)
· Metabolic acidosis – from not taking insulin ( hyperglycemia ( ketoacidosis

