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Sam’s Acid-Base for the ICU: Simplified!	  
S.	  Galvagno,	  D.O.,	  Ph.D.	  

 
There are really only 3 simple formulas and a 4 key numbers that you need to know! 

 
1.  Look at the pH.  Check for the process that is causing the academia or alkalemia.  For 
example, in respiratory acidosis (low pH), if the CO2 is increased more than the 
bicarbonate is decreased, you have a primary respiratory acidosis rather than a primary 
metabolic problem.  In general, there should be an increase in the bicarbonate by 1 
meq/L for every 10 mm Hg rise in the PaCO2 in respiratory acidosis.   
 
2.  Calculate the anion gap.  If greater or equal to 20, you have a metabolic acidosis no 
matter what.  The body does not generate a large enough anion gap to compensate for a 
primary disorder. 
 
3.  Calculate the excess anion gap (∆ gap).  12 (10-14) is the standard, so subtract the 
anion gap from 12.  Next, add this value to your measured bicarbonate.  If this is greater 
than 30, you have an underlying metabolic alkalosis. If this is less than 23 (a normal 
bicarbonate value), you have an underlying NON gap metabolic acidosis.  The reason for 
this is because 1 mmol of unmeasured acid should titrate 1 mmol of bicarbonate; hence a 
∆ anion gap should equal the ∆ bicarb under normal circumstances.  
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

Measured	  Anion	  Gap	  –	  12 

>	  30 <	  23 

Underlying	  metabolic	   
ALKalosis 

Underlying	  NON	  gap	   
metabolic	  ACIDosis 

AG=	  [Na+	  +	  K+	  ]	  –	  [	  Cl-‐	  +	  HCO3-‐]	   
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4.  If you are still second guessing yourself, use Winter’s formula for metabolic 
acidosis to make sure your PaCO2 is what it should be. 
   

PaCO2 = 1.5 x measured HCO3
- + 8 (±2). 

 
5.  One other trick for metabolic acidosis:  the expected PaCO2 should approximate the 
last 2 digits of the pH value.  For example, the expected PaCO2 for a primary metabolic 
acidosis with a pH of 7.25 is 25.   
 
6.  If you are still unsure of yourself, and the patient has what you consider to be a 
primary respiratory disorder, use Dr. Marino’s formulas: 
 
Acute respiratory acidosis OR alkalosis:  ∆pH = .008 x ∆PaCO2 
Chronic respiratory acidosis OR alkalosis:  ∆pH = .003 x ∆PaCO2 
 
7.  If you really have no clue as to what is going on (i.e. very complex disorder), go to 
www.acidbase.org and perform a Stewart’s acid-base analysis of the problem.  This 
website gives you a very nice report that essentially takes everything into account.   
 
8.  If you want to eyeball the problem from a Stewart’s acid-base point of view, take into 
consideration the following generalizations: 
 
Strong Ion Gap = SID  = [strong cations] – [strong anions] 
 
    ≈ Na+ - Cl- 
 
    ≈ 38 (140-102) 
 
ACIDOSIS usually means extra anions.   
The strong ion difference is DECREASED. 
Seen in disorders where cations are decreased (potassium, sodium) or where anions are 
increased (hyperchloremia, lactatemia, ketoacids, etc.).   
 
ALKALOSIS usually means extra cations. 
The strong ion difference is INCREASED. 
Seen in disorders where cations are increased (hyperkalemia, hypercalcemia, 
hypernatremia) or where anions are decreased (hypoalbuminemia, hypochloremia) 
 

To	  summarize:	  
3 formulas to remember: 
1.  Bicarbonate increases by 1 for every rise of 10 in PaCO2  
2.  Winter’s formula for metabolic acidosis: PaCO2 = 1.5 x HCO3 + 8 (±2) 
3.  ∆pH = .008 OR .003 x ∆PaCO2 for respiratory acidosis or alkalosis 
 
4 numbers to remember: 
1.  ≥20: if anion gap greater than 20, metabolic acidosis no matter what 
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2.  ≥30: ∆ anion gap plus your measured bicarb >30 = metabolic alkalosis in addition to 
whatever else is going on 

3.  <23: if ∆ anion gap plus your measured bicarb is <23 (less than normal bicarb level), 
you have a non gap anion metabolic acidosis in addition to everything else 

4.  Last 2 digits of pH should = PaCO2 for a simple metabolic acidosis 
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