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ACID-BASE FOR THE COMPLEAT IDIOT PHYSICIAN 
Or 

How to impress your attendings and become the envy of your peers by 
making difficult concepts seem easy (which they really are)! 

 
Few things are as troublesome for residents and medical students as dealing with complex 
acid-base disorders.  Medical textbooks are usually not helpful, because they devote pages 
and pages to logarithmic curves, “K” factors, physiochemical properties of solutions, and 
the dreaded Henderson-Hasselbach equation.   
 
The first thing you need to do to solve acid-base problems is to RELAX.  It’s really not that 
hard!  Don’t worry if you didn’t do well on the Renal test in Physiology.  Even if you punted 
the acid-base section of Biochemistry, it doesn’t matter.  You don’t need to studiously cram 
every K΄a, logarithm, and complex equation into your brain!  You have more important 
things to learn.  Clinical acid-base problem solving only requires a basic understanding of 
physiology, a few simple equations, and a step-by-step approach.  The most important 
thing to have is a good history and physical and a dollop of common sense.   
 
There are many different methods for approaching acid-base problems, and this is by no 
means authoritative; each person should adopt a method he can understand and use easily.  
One great read is the book Acid-Base, Fluids, and Electrolytes Made Ridiculously Simple.   
 
The most important thing to remember when dealing with acid-base problems is to put 
everything in the clinical context of the patient at hand!  Solving these problems in a 
vacuum ignores the whole reason you obtained the ABG to begin with.  If the ABG analysis 
seems to go along with what you clinically suspect, great!  If it is wildly off, you should think 
of two things—lab error or misdiagnosis. 
 
The following method consists of three parts.  It is important to address all three parts 
every time you attempt to solve a problem.   
 
 
PART ONE 
 
Determine the primary disorder.  This requires an arterial blood gas sample.  Look at the 
pH first.  Normal pH is 7.35 to 7.45, with a dividing line at 7.40.  If the pH is less than 7.35, 
the patient is acidemic; that is, the net charge of his bloodstream is acidic.  Next, look at the 
PaCO2.  If the PaCO2 is less than 40 (and usually less than 35), the problem is a metabolic 
acidosis.  The patient is hyperventilating to rid himself of acidic carbon dioxide.  If the 
PaCO2 is greater than 40 (usually 45), the primary disorder is a respiratory acidosis.  
Retention of CO2 is making the patient acidemic.   
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If the patient is alkalemic (his pH is greater than 7.45), a low PaCO2 (less than 35) means 
that the primary disorder is a respiratory alkalosis.  If the PaCO2 is greater than 45, the 
primary disorder is a metabolic alkalosis and the patient is hypoventilating to control his 
pH.   
 
Remember—the human body rarely, if ever, can compensate back to a normal range!  That 
brings us to Part Two…. 
 
 
PART TWO 
 
Is the compensation adequate?  When the primary disorder is metabolic, the patient will 
either hyper- or hypoventilate to try to maintain homeostasis.  This is called respiratory 
compensation.  Your next step is to determine if this compensation is adequate.  If it’s not, 
there is another disorder besides the primary one.  The compensation formulas require the 
PaCO2 and the serum HCO3.  If the HCO3 on the serum metabolic panel and the ABG are 
different, go with the serum panel.  It’s measured, while the value on the ABG is calculated.  
Normal HCO3 should be 24. 
 
Metabolic Acidosis:  The expected PaCO2 should equal:  1.5 (HCO3) + 8.   
 
For instance, if the pH is 7.22, the PaCO2 is 27, and the HCO3 is 14, we know that the 
primary problem is a metabolic acidosis (low pH, low PaCO2).  According to our 
compensation formula, the expected PaCO2 is 29 [1.5 (14) + 8 = 29].  Give yourself a “fudge 
factor” of about 2 on either side of the predicted value.  Our conclusion—this patient has a 
metabolic acidosis with appropriate respiratory compensation.  Try not to say that he has a 
“compensatory respiratory alkalosis.”  Alkalosis implies a pathologic process.  In this case, 
the compensation is a perfectly normal response to acidosis. 
 
Another example:  A patient has a pH of 7.12, a PaCO2 of 32, and a HCO3 of 10.  Again, the 
primary disorder is a metabolic acidosis.  The expected PaCO2, however, is 23 by the 
formula, and the patient’s PaCO2 is 32.  This is higher than expected, and suggests a 
coexistent respiratory acidosis.  The diagnosis?  A combined respiratory and metabolic 
acidosis.  Is this a drug overdose?  A septic patient with respiratory failure?  Again, 
correlate clinically! 
 
One more:  pH 7.32, PaCO2 24, HCO3 16.  Primary disorder—metabolic acidosis.  Expected 
PaCO2—32.  The PaCO2 is lower than you expect, so this patient has a metabolic acidosis 
with a coexisting respiratory alkalosis.  The crowd cheers! 
 
Metabolic Alkalosis:  The expected PaCO2 should equal:  0.7 (HCO3) + 21. 
 
Metabolic alkalosis is most often due to volume depletion, especially as a result of vomiting 
or NG suctioning.  Hyperaldosteronism and other types of mineralocorticoid excess are 
other, albeit rare, causes. 
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An example:  pH 7.52, PaCO2 42, HCO3 30.  This is a metabolic alkalosis, and the expected 
PaCO2 is 42—this patient has a metabolic alkalosis with appropriate respiratory 
compensation.  This could be a patient with pancreatitis who has been vomiting for three 
days. 
 
What if the pH were 7.53, the HCO3 40, and the PaCO2 60 (a CHF patient who received a 
50cc bolus of sodium bicarbonate)?  This is a metabolic alkalosis, but the expected PaCO2 is 
49.  This patient has a metabolic alkalosis and a coexisting respiratory acidosis. 
 
Respiratory Acidosis:  With respiratory disorders, you have to determine if the process is 
acute or chronic.  Generally speaking, chronic disorders have been present for 3-5 days or 
more, giving the kidneys time to equilibrate.  Patients with chronic respiratory acidosis 
(emphysematous “CO2 retainers”) usually have a near-normal pH despite high PaCO2 
levels; clinically, they can tolerate higher levels of PaCO2 without becoming obtunded.  The 
compensation formulas are: 
 

In acute respiratory acidosis, the HCO3 should rise by 1 for every 10 mm Hg that the 
PaCO2 is elevated. 
 
In chronic respiratory acidosis, the HCO3 should rise by 3-4 for every 10 mm Hg 
increase in PaCO2. 

 
For instance, if a patient with emphysema has a pH of 7.34, a PaCO2 of 60, and a HCO3 of 32, 
he has a chronic respiratory acidosis with appropriate metabolic compensation.  Clues to 
the chronic nature of his disease are the history (COPD), the higher HCO3, and the near-
normal pH.  This patient is also speaking easily; someone who was previously normal 
would be stuporous or comatose with a PaCO2 of 60. 
 
Another case:  A patient who received too much morphine is now stuporous.  His ABG 
shows a pH of 7.26, a PaCO2 of 55, and a HCO3 of 27.  He has a respiratory acidosis, and his 
expected HCO3 is 26.  Therefore, he has an acute respiratory acidosis with appropriate 
metabolic compensation.   
Finally, consider an unconscious patient brought in from a house fire.  His pH is 7.13, his 
PaCO2 is 60, and his HCO3 is 16.  His primary problem is respiratory (you could call it 
metabolic and work it up from that angle—dealer’s choice), and his expected HCO3 is 26, 
which is higher than the measured HCO3.  He has a combined respiratory and metabolic 
acidosis.  In this case, cyanide is the culprit. 
 
Respiratory Alkalosis:  The same rules about acute and chronic conditions apply.  Chronic 
respiratory alkalosis is usually due to pregnancy, chronic hypoxemia, chronic liver disease, 
and medication side effects. 

 
In acute respiratory alkalosis, the HCO3 should drop by 2 for every 10 mm Hg that 
the PaCO2 falls.  
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In chronic respiratory alkalosis, the HCO3 falls by 5 for every 10 mm Hg decrease in 
the PaCO2. 

 
An example:  A patient is brought in after sudden onset of dyspnea and tachypnea (30-34 
breaths per minute).  Her pH is 7.52, her PaCO2 is 25, and her HCO3 is 21.  The expected 
HCO3 is therefore 21 (by the above formula), so she has an acute respiratory alkalosis with 
appropriate metabolic compensation.  CT scan shows a pulmonary embolism.   
 
After you see that patient, you are asked to see an elderly lady who has been vomiting for 
two days.  History reveals that she has accidentally been taking her theophylline three 
times a day instead of twice, and her theophylline level is 30 (toxic).  Her ABG shows a pH 
of 7.58, a PaCO2 of 30, and a HCO3 of 29.  She has a chronic respiratory alkalosis (a known 
side effect of theophylline, especially high doses) as well as a metabolic alkalosis from 
vomiting. 
 
What about all of those formulas?  Sorry, there are no shortcuts in Part Two.  Either write 
them down in a pocket book or notepad, or memorize them.  The more tech-savvy will keep 
them readily available on a smartphone.  As you become more of an aficionado, the 
formulas will come to you easily. 
 
 
PART THREE 
 
Everyone remembers that there are two types of metabolic acidosis—those that cause an 
anion gap, and those that don’t.  The anion gap, if you recall, is calculated as [Na - (Cl + 
HCO3)].  The normal value is around 12, and accounts for unmeasured anions like plasma 
proteins.  If the calculated gap is at least 3-4 higher than normal, consider it elevated.  
Hypoalbuminemia can falsely lower the anion gap, so the normal value should be the serum 
albumin multiplied by 3.  Part Three of the method requires you to calculate the anion gap 
and create a differential diagnosis based on it.  The differential can be remembered by the 
following mnemonics.  Don’t worry—remembering how to spell ‘mnemonic’ is harder than 
solving acid-base problems! 
 
A Few Causes of an Elevated Anion Gap Acidosis 
 
Methanol poisoning 
Uremia 
Diabetic ketoacidosis (common) 
Paraldehyde poisoning 
Iron, Isoniazid poisoning 
Lactic acidosis (very common) 
Ethylene glycol poisoning, Ethanol-induced ketoacidosis (also common) 
Starvation ketoacidosis, Salicylate poisoning, Sepsis 
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A Few Causes of a Non-Anion Gap Acidosis 
 
Hyperchloremia (from saline infusions and parenteral nutrition) 
Addison’s disease, Acetazolamide 
Renal tubular acidosis 
Diarrhea (most common) 
 
Ureterosigmoidostomy 
Pancreatic fistula or drainage 
 
The presence or absence of an anion gap will help you determine the cause of a metabolic 
acidosis.  Sometimes, it is the only clue that a metabolic acidosis exists.  In addition, the rise 
in the anion gap above normal should correlate with the drop in HCO3 from the normal 
value (24).  If the HCO3 is higher than expected, there is a coexisting metabolic alkalosis.  If 
the HCO3 is lower than expected, there may be a coexisting non-anion gap acidosis present. 
 
Here’s a case:  A 23-year-old diabetic comes to the hospital in shock.  His parents say that 
he has been vomiting constantly for 4 days.  Your colleague asks you to help him decipher 
the patient’s blood gas and chemistry.  His blood glucose is 399, his serum Na is 133, the Cl 
is 90, and the HCO3 is 20.  His pH is 7.20 and the PaCO2 is 40.  What’s going on?   
 

1. The primary disorder is a metabolic acidosis, probably DKA (confirmed by elevated 
serum acetone).   

 
2. The expected PaCO2 should be 38, and his is 40—therefore, he has a metabolic 

acidosis with appropriate respiratory compensation. 
 

3. His anion gap is 23—elevated, consistent with DKA.  But wait!  The rise in the anion 
gap is 11 (23-12), so his HCO3 should have dropped by around 11 to give us a serum 
bicarbonate of 13 (24-11).  His HCO3 is 20, which is significantly higher than 
expected.  This suggests a coexisting metabolic alkalosis, brought about by his 
vomiting and dehydration.  The final word?  This patient has diabetic ketoacidosis 
with a concomitant metabolic alkalosis due to volume depletion.  Your 
colleague turns green with envy! 

 
In closing…. 
 
Hopefully, this guide will help you sort out the confusing acid-base problems you will come 
across in clinical practice.  Remember that practice makes perfect—go through every step 
on every ABG you come across.  You don’t need to tell anyone how easy it is—in fact, you 
can mutter some things about “logarithmic changes” and “titratable acidity in the setting of 
the Isohydric Principle” while you easily solve the problem, if you want to make it look as 
hard as everyone else seems to think it is.  In time, you’ll be known as a Guru of the Gas.   
  


