A Practical Approach to Simple and Mixed Acid-Base Disorders

Mark Weaver, MD FACP
Disorders of acid base are commonly encountered problems in acutely ill patients.  The purpose of this outline is to teach a common sense approach to analyzing blood gases and serum chemistries in order to determine the acid base disorder or disorders that the patient is experiencing.  Once the disorder(s) is (are) identified, the diagnosis awaits.

Step 1:  A blood gas and serum chemistries are required to start the process.  Without both there can be no understanding.  To say that a patient has a “metabolic acidosis” on the basis of a low CO2 on the BMP alone is impossible and irrational

.

Step 2:  Look at the clinical picture.  There are many conditions which have concomitant acid base disorders for example, hyperemesis gravidarum and metabolic alkalosis, emphysema and respiratory alkalosis (pink puffers), renal failure and metabolic acidosis, sleep apnea and respiratory acidosis…you get the idea.  If you know what is expected, the variations are more discernable.

Step 3:  Is your data accurate?  Blood gases are notorious for being erroneous.  Remember your Henderson-Hasselbach equation?  It has utility in clinical medicine!  At a pH of 7.40 the hydrogen ion concentration is 40nEq/L.  In the physiologic range every 0.01 change in the pH is equivalent to a 1nEq/L change in hydrogen ion concentration…lower as the pH rises, higher as it falls.  For example, when the pH is 7.30 the hydrogen ion concentration is 50, when it is 7.50 the hydrogen ion concentration is 30.

Remember this equation:  [H+] = (24 x pCO2)/CO2 content (from BMP not from ABG)

How is this equation used?  Let’s look at two sets of blood gases and the accompanying CO2 from the BMP.

pH  7.50  pCO2 25  CO2 20

If you apply the formula (24x25)/20 = 30.  At a pH of 7.50 the H ion concentration should be 30.  This blood gas is accurate.

pH  7.50  pCO2  25  CO2 15

Applying the formula  (24x25)/20 = 40.  The pH should be 7.40 if the hydrogen ion concentration is 40.  There is something wrong with this blood gas.  Interpreting this gas would lead to many incorrect conclusions.  Repeat the blood gas before interpretation!  Please note, this is not exact =/- 5 should suffice for accuracy.

Step 4:  Identify the primary acid base disorder.  Determine whether the patient is alkalemic (pH >7.45) or acidemic (pH<7.35).  After that determine whether the disturbance is due to primary change in bicarbonate (metabolic) or CO2 (respiratory).  This is easier than it sounds.  If the patient is acidemic and has a low bicarbonate, metabolic, an elevated CO2, respiratory.  Vice versa for the alkalemic patient.

If the pH is in the normal range but the pCO2 and HCO3 are abnormal a mixed acid base disorder is present.  (One exception:  A chronic respiratory alkalosis can compensate into the normal range)

Step 5:  Calculate the expected compensation.  If the numbers don’t match there may more than one disorder.  Here is what is expected:

Metabolic Acidosis:  Change in pCO2 = 1.2 x change in CO2 content

 Or, in a freak of nature, the pCO2 = the last two digits of the pH.  I.e.  pH 7.30, pCO2 is 30.  (there is no rational basis for this, it is truly a quirk of nature)

Metabolic Alkalosis: Change in pCO2 = 0.6 x change in CO2 content  (note:  metabolic alkalosis is very frequently uncompensated.  How long can YOU quit breathing)

Acute Respiratory Acidosis:  Change in CO2 content = 0.1 x change in pCO2

Chronic Respiratory Acidosis:  Change in CO2 content = 0.35 x change in pCO2

Acute Respiratory Alkalosis:  Change in CO2 content = 0.2 x change in pCO2

Chronic Respiratory Alkalosis:  Change in CO2 content = 0.5 change in pCO2

There is no acute/chronic differentiation in the metabolic disorders because respiratory compensation is instantaneous whereas, renal compensation takes from 12-24 hours.

Step 6:  If the compensation is not what is expected, be on the hunt for a mixed disorder. 

As an example:  A patient has the following blood gas, pH 7.1 pCO2 35  Na 145  K 5  Cl 97  HCO3 12

With acidemia and low bicarbonate the primary disorder is a metabolic acidosis.  The expected compensation is  a change of 1.2 x the Bicarbonate.  The pCO2 was much higher than expected so, a respiratory acidosis must also be present.

Step 7:  As they say on the London subway, MIND THE GAP! 

Gap 1

The anion gap:  Na – (Cl + CO2) = 10 +/- 4

Calculate the gap on each patient.  If there is a high anion gap consider an underlying acidosis even if the pH is elevated. (an anion gap of 20 or more is always a problem)  The expected compensation will not be present but the anion gap can lead you to where the discrepancy lies.  Also, the gap will obviously differentiate between an anion gap and non-anion gap acidosis.

Gap 2

The delta anion gap (aka: delta/delta, bicarbonate gap)  

Delta AG = (anion gap -10) / (24 – HCO3)

The delta anion gap can be used to detect the presence of additional aci-base disorders in patients with a high anion gap acidosis.  The delta averages between 1 and 1.6.  If the delta is less than 1 suspect a concomitant non-anion gap acidosis, if greater than 1.6, look for an concomitant metabolic alkalosis.

Gap 3A

The Osmolal gap: 

First calculate the osmolality -  (2 x Na) + (glucose/18) + (BUN/2.8)

Osmolal gap = Measured Osmolality – Calculated Osmolality  (any number over 20 implies an unmeasured osmole)  Unmeasured osmoles are usually alcohols.  In the presence of a metabolic acidosis think Ethylene glycol or methanol, with a normal pH ethanol or isopropyl alcohol is likely.  

Gap 3B

Urine Anion Gap:

This gap has limited utility (a history from the patient usually solves this conundrum).  It can help differentiate between diarrhea and RTA as a cause of a non anion gap acidosis.

UAG = uNa + uK – uCl

Normal is -20 – 0

In diarrhea the UAG is typically highly negative ( -20 - -50) due to increase NH4+ production with diarrhea.  With an RTA the UAG is typically positive because of the decrement in NH4+ production.

Conclusion:  

Using the approach outlined above you should have no difficulty with the most complex acid base disorders.  On caveat, all of the expected compensations you have learned depend on a steady state.  In the rapidly changing environment of the ICU your calculations should be taken with a grain of salt.  That said, having made the calculations you will be closer to understanding your patient than if you hadn’t made the effort.

Test:

1.  Patient with alcoholic cirrhosis and ascites:

pH   7.45

Na  140
K+ 4.5

CL- 110   CO2  15


pCO2  22

HCO3  15

What is/are Acid Base Disturbance?

2.  125kg male with diabetes

pH  7.34

Na+ 140
K 4.5

Cl  98
   CO2   29

pCO2  56

HCO3  29

What is/are the acid-base disturbance?   

3.  Pregnant woman with refractory vomiting

pH  7.53
Na 140    K 4.5      Cl  86
CO2  40

pCO2  45

HCO3  40

What is/are the acid-base disturbance?  

4.  30 year old type 1 diabetic

pH 7.14

Na 126 Glucose 500
K 5.5  Cl  96  CO2 13

pCO2  14

HCO3  13

What is/are the acid base disturbance? 

5.  Patient with COPD and CHF

pH  7.40

Na  135  K 3.5  Cl  87  CO2  36

paCO2  60

HCO3  36

What is/are the acid-base disturbance? 

6.  Unconscious Alcoholic

pH  7.11

Na 145
   K+ 4
  Cl  109    CO2 4  Serum Osm 328

pCO2 11

HCO3  4

What is/are the acid base disturbance?  What is the significance of the Osmolality?

7.  Multiple drug overdoses

pH 7.03


Na  138  K 4  Cl   103   CO2  15

PCO2 45

HCO3  14

What is/are the disorders?

8.  ER patient with shortness of breath

pH 7.35

Na 138  K 4  Cl 100  CO2  26

pCO2  50

HCO3 26

9.  Type 1 diabetic with diabetic nephropathy and nephrotic syndrome

pH  7.50

Na 134  K 3.8  Cl  80   CO2  32  Cr 3.4  Glucose 350

pCO2  40

HCO3  32

10.  Patient with hypotension on a ventilator

pH  7.25

Na  136  K 5.5  Cl  104  CO2 11

pCO2  25

HCO3  11

Email me your answers at Mweaver54@aol.com and I will tell you how you did!! (and give feedback….you can look at your buddy’s answers or you can learn…your choice)
