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PC0O2=40 | HCO3= 24 | CI=100.

Five Steps of Acid-Base Analysis
Step 1: | Acidemia (pH <7.38) or alkalemia (pH >7.42)?

Step 2: | Primary respiratory or metabolic disturbance?

Look at PCO2 and pH: ‘
= If pH and PCO2 going in same direction ) s« ¢l b sl 1w cpalla aelS—sMetabolic
» |f pH and PCO2 NOT going in same direction J)b S8l 5 oa 2al 3 —Respiratory

Step 3: | Is there appropriate compensation for the primary disorder?

winter formula:
X Metabolic acidosis: PCO2 =[1.5 x (serum HCO3)] + 8
X Metabolic alkalosi C0O2=0.6 x tTHCO3
X Respiratory acidostsT tPCO2 10, tHCO3 by 1(acute) or 4 (chronic)
X Respiratory alkalosis: |PCO2 10, |HCO3 by 2 (acute) or 5 (chronic)

There’s additional acid base disturbance is going on!1% iz Ui 5 lefmua M Adlhaa & (yay yall Ciés PCO2N 1N s A 8 (]
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Step 4: | Is there an anion gap metabolic acidosis (AGMA)?

AG = Na - (HCO3 + Cl).
If> 12, an AGMA is present.
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Step 5: | If metabolic acidosis, is there another concomitant metabolic disturbance?

In case of If high anion gap, then calculate AGap = AAG - AHCO3 = (AG -12) - (24 - HCO3):

High anion X If the AGap is > 6, there is a combined AGMA and metabolic alkalosis.

gap: X If the AGap is <-6, there is a combined AGMA and Normal AGMA.

X If the AGap is between -6 and 6, then you are done :) No additional metabolic
disorders other than AGMA.

In case of If normal anion gap, for every 1 mEg/L 1Cl, there should be a 1 mEg/L |HCO3 (+5).
Normal X If HCO3 decrease is less than predicted, then Normal AGMA and metabolic
anion gap: alkalosis
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Rawan
Which means: there should be 0.6 rise in PCO2 from the normal range for every 1 mmol rise in HCO3

Rawan
N.B.: hypoalbuminemia can give you falsely low calculated AG.

So you need to check the pt’s albumin status if it’s low less than 40 g/l, then you have to add 2.5 to the calculated AG for each 10 point drop in albumin.



CASE 1:

32-year-old man with depression and alcohol abuse presents with altered mental status.
» \VBG: pH=6.9, pC02=29, p02=100
» Metabolic panel: Na=140, CI=101, HCO3=5

Let’s apply the Five Steps of Acid-Base Analysis:
Step 1: | Acidosis (pH <7.38)

Step 2: | Primary respiratory or metabolic disturbance?
Look at PCO2 and pH:
= pH and PCO2 going in same direction —Metabolic

Step 3: | Is there appropriate compensation for the primary disorder?
Apply winter formula:
X Metabolic acidosis: PCO2 =[1.5 x (HCO3)] + 8
=[1.5x(5)]+8=15
but the patient’'s pCO2 is higher than 15. Therefore, a respiratory acidosis is also
present, possibly secondary to CNS depression.

Step 4: | Is there an anion gap metabolic acidosis (AGMA)?
AG = Na- (HCO3 + CI).
=140 — (101 + 5) = 34 “high anion gap”

Step 5: | If metabolic acidosis, is there another concomitant metabolic disturbance?
high anion gap, then calculate AGap = AAG - AHCO3

= (AG -12) - (24 - HCO3)

=(34-12)—-(24-5) =3
this pt AGap between (-6 to 6) so No additional metabolic disorders other than AGMA.

®» Answer: Anion gap metabolic acidosis and respiratory acidosis.

CASE 2:

A 68-year-old man who recently took antibiotics for a skin infection presents with 10
episodes of watery diarrhea per day for the last 5 days.

» VBG: pH 7.34, pCO2 34, pO2 80

» Metabolic panel: Na 135, Cl 108, HCO3 18

Let’s apply the Five Steps of Acid-Base Analysis:
Step 1. | Acidosis (pH <7.38)

Step 2: | Primary respiratory or metabolic disturbance?
Look at PCO2 and pH:
= pH and PCO2 going in same direction —Metabolic

Step 3: | Is there appropriate compensation for the primary disorder?
Apply winter formula:

X Metabolic acidosis: PCO2 =[1.5 x (HCO3)] + 8

=[1.5x(18)] +8=35

The pt's pCO2 is near to 35 .S0 this pt had an appropriate response

Step 4: | Is there an anion gap metabolic acidosis (AGMA)?
AG = Na- (HCO3 + ClI).
=135 - (18 + 108) = 9 “normal anion gap”

Step 5: | If metabolic acidosis, is there another concomitant metabolic disturbance?
normal anion gap, for every 1 mgqg/L 1Cl, there should be a 1 mEq/L |HCO3 (15).
In this case: Cl 1 by 8 and HCOS3 | by 6; therefore, there is no metabolic alkalosis.

» Answer: NAGMA due to diarrhea



CASE 3:

A 70-year-old smoker presents with an acute onset of shortness of breath.
» VBG: pH 7.30, pCO2 = 60 mmHg, pO2 60 mmHg
» Metabolic panel: Na 135, CI 100, HCO3 30

Let’s apply the Five Steps of Acid-Base Analysis:
Step 1: | Acidosis (pH <7.38)

Step 2: | Primary respiratory or metabolic disturbance?
Look at PCO2 and pH:
= pH and PCO2 are NOT going in same direction — Respiratory

Step 3: | Is there appropriate compensation for the primary disorder?
Apply winter formula:
X Respiratory acidosis: 1PC0O2 10=1HCO3 by 4 (chronic) <lis_S 4l zual 5 licay e
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acute on top of chronic respiratory acidosis is present.

Step 4: | Is there an anion gap metabolic acidosis (AGMA)?
AG = Na - (HCO3 + Cl).
= 135-(100+26) = 9 “No anion gap metabolic acidosis”

Step 5: | Not applicable
®» Answer: Acute on chronic respiratory acidosis due to COPD exacerbation

CASE 4:

A 22 year-old woman presents with 4 hours of numbness in both hands typical of previous
episodes of anxiety.

» ABG: pH 7.48, pCO2 30 mmHg, pO2 86 mmHg

» Metabolic panel: Na 140, CI 110, HCO3 22

Let’s apply the Five Steps of Acid-Base Analysis:
Step 1: | Alkalosis (pH >7.42)

Step 2: | Primary respiratory or metabolic disturbance?

Look at PCO2 and pH:
= pH and PCO2 are NOT going in same direction — Respiratory

Step 3: | Is there appropriate compensation for the primary disorder?
Apply winter formula:
X Respiratory alkalosis: |PCO2 10— |HCO3 by 2 (acute) < sS! qual 5 (5 singd) e
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Step 4: | Is there an anion gap metabolic acidosis (AGMA)?
AG =Na - (HCO3 + Cl).
= 140-(110+22) = 8 “No anion gap metabolic acidosis”

Step 5: | Not applicable

» Answer: Acute respiratory alkalosis secondary to a panic attack



» Rank the most common life-threatening acid base disturbance? First METABOLIC
ACIDOSIS, second respiratory acidosis, then metabolic alkalosis
» N.B: respiratory alkalosis is usually benign

®» 3 most common cause of high anion gap metabolic acidosis: DKA, lactic acidosis
and renal failure

®» 3 most common cause of normal anion gap metabolic acidosis: diarrhea, renal
tubular acidosis and vasico-urinary fistula

= most common cause of high anion gap metabolic alkalosis: volume depletion
(vomiting, NG suction, loop or thiazide diuretics)

» High anon gap metabolic acidosis + high osmolar gap:
Toxic alcohol ( L &b Y cpilethylene glycol and methanol)
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Five Steps of Acid-Base Analysis
Step 1: Acidemia (pH <7.38) or alkalemia (pH >7.42)?

Step 2: | Primary respiratory or metabolic disturbance?
Look at PCO2 and pH:

= |f pH and PCO2 going in same direction —Metabolic

= |f pH and PCO2 NOT going in same direction —Respiratory

Step 3: | Is there appropriate compensation for the primary disorder?
winter formula:

X Metabolic acidosis: PCO2 =[1.5 x (serum HCO3)] + 8

X Metabolic alkalosis: 1PCO2 = 0.6 x tHCO3

X Respiratory acidosis: 1PC0O2 10, tHCO3 by 1(acute) or 4 (chronic)

X Respiratory alkalosis: |PCO2 10, |HCO3 by 2 (acute) or 5 (chronic)
Step 4: [ Is there an anion gap metabolic acidosis (AGMA)?

AG = Na - (HCO3 + ClI).
If> 12, an AGMA is present.
You must calculate the anion gap in whatever acid base disturbance you encounter

Step 5: If metabolic acidosis, is there another concomitant metabolic disturbance?
In case of | If high anion gap, then calculate AGap = AAG - AHCOS3 = (AG -12) - (24 - HCO3):
High X If the AGap is > 6, there is a combined AGMA and metabolic alkalosis.
anion X If the AGap is <-6, there is a combined AGMA and Normal AGMA.
gap: X If the AGap is between -6 and 6, then you are done :) No additional

metabolic disorders other than AGMA.

In case of | If normal anion gap, for every 1 mEq/L 1Cl, there should be a 1 mEqg/L |[HCO3 (+5).
Normal X If HCOS decrease is less than predicted, then Normal AGMA and metabolic
anion alkalosis

gap:




