Dibartola – Mixed Acid-base Disorders Chapter 12

· Simple disorder: primary disturbance + expected compensatory response
· Mixed:  2 or more separate primary acid-base disturbances
· Disorders can have neutralizing effects on pH
· Metabolic acidosis + metabolic alkalosis
· Respiratory acidosis + metabolic alkalosis
· Respiratory alkalosis + metabolic acidosis
· Disorders can have an additive effects on pH
· Respiratory and metabolic acidosis (or alkalosis)
· Metabolic acidosis + metabolic alkalosis + respiratory alkalosis
· Normal + high AG metabolic acidosis
· Mixed high AG metabolic acidosis
· Mixed normal AG metabolic acidosis
· Respiratory compensation in metabolic process
· Metabolic acidosis  respiratory compensation = hyperventilation
· CO2 goes down by 0.7 mmHg for each 1 mEq/L (dogs)
· Cats: lack of ventilatory compensation
· Cat kidneys: unable to adapt to metabolic acidosis – does not increase production of ammonia from glutamine
· Metabolic alkalosis  respiratory compensation = hypoventilation
· CO2 goes up by 0.7 mmHg for each 1 mEq/L (dogs)
· Cats? - similar
· May take up to 24h for full/maximal respiratory compensation
· Metabolic compensation in respiratory processes
· Respiratory acidosis  metabolic compensation = increased HCO3- by:
· 0.15 mEq/L per 1 mmHg (acute) – cats: similar
· 0.35 mEq/L per 1 mmHg (chronic) – cats?
· 0.55 mEq/L per 1 mmHg (long-standing)
· Respiratory alkalosis  metabolic compensation = decreased HCO3- by:
· 0.25 mEq/L per 1 mmHg (acute) – cats: similar
· 0.55 mEq/L per 1 mmHg (chronic) – cats: similar
· Metabolic compensation occurs in 2 phases
· #1) Titration of nonbicarbonate buffers in respiratory acidosis; release of H+ from nonbicarbonate buffers w/in cells in respiratory alkalosis: w/in 15 minutes
· #2) Renal: increased net acid excretion and increased HCO3- reabsorption (decreased Cl- reabsorption) in respiratory acidosis; decreased net acid excretion in respiratory alkalosis: w/in 2-5d
· pH can returned to normal with chronic respiratory acidosis/alkalosis – may take long time (>2 weeks for alkalosis, >1 mo for acidosis)
· Clinical approach
· Primary problem  expected compensation adq?
· Inadq if differs from expected by more than 2
· Quick detection of MIXED disorders if:
· PCO2 and HCO3 changing in opposite directions
· Normal pH with abnormal PCO2 and/or HCO3
· EXCEPT if long standing (> 2 weeks) respiratory disturbances
· pH change in a direction opposite to that predicted for the known primary disorder
· Metabolic alkalosis can result from an increase in SID (hypochloremia) or by decrease in [Atot]
· Metabolic acidosis can result from decrease SID (hyperchloremia) or increase in strong anions (lactate, sulfate, BHB), increase in [Atot]
· Careful:
· Venous sample: local metabolism may affect PCO2 (compensation established using arterial blood)
· Too much heparin: decreases HCO3 and PCO2
· > 20 min before analysis 
· Chloride changes
· Cl - =most important anion
· Increase in Cl-  metabolic acidosis by decreasing SID
· Decrease in Cl-  metabolic alkalosis by increasing SID
· [Cl] gap = normal – corrected chloride
· > 4 mEq/L associated with hypochloremic alkalosis
· < -4 mEq/L associated with hyperchloremic acidosis
· Chloride:sodium ratio
· > 0.78 (dogs); > 0.80 (cats) = hyperchloremic metabolic acidosis
· <0.72 (dogs); < 0.74 (cats) = hypochloremic metabolic alkalosis
· Whenever sodium is normal
· [Na+] – [Cl-] = 36 = normal
· > 40 = hypochloremic alkalosis
· < 32 = hyperchloremic acidosis
· Renal compensation for respiratory disorders is accomplished by changing SID by varying amount of chloride or bicarbonate reabsorbed
· Chronic respiratory acidosis: hypochloremic alkalosis
· Chronic respiratory alkalosis: hyperchloremic acidosis
· Unmeasured anions
· AG: UA- - UC+ 
· [Na + K + UC+] – [Cl + HCO3 + UA-]
· Every time there is an increase in Cl- or UA-, HCO3 decreases to maintain electroneutrality
· AG makes NO distinctin between unmeasured strong anions (lactate, ketones) that can change pH and weak anions (negatively charged phosphate and PT) that do no affect pH/HCO3
· AG in normal dogs/cats is mostly a result of net negative charge of PT- and thus is heavily influenced by PT (albumin*)
· At pH of 7.4 (dogs), each decrease of 1g/dL in albumin is associated with a decrease of 4.1 mEq/L in AG; each decrease of 1 g/dL in PT is associated with a decrease of 2.5 mEq/L in AG
· AGalb –ajusted = AG + 4.2 x (3.77 – [alb])
· AGTP – adjusted = AG + 2.5 x (6.37 – [TP])
· If wants to adjust for phosphate too (hyperphosphatemia  increased AG) add (2.52 – 0.58 x[phosp])
· BE algorithm
· TP estimate UA-
· Accounts for the effects of changes in free water, chloride, PT, phosphate in the BE
· Any remaining BE is attributed to the presence of UA-
· SIG
· Difference between unmeasured strong anions and unmeasured strong cations
· SIGsimplified to be estimated based on [Atot]; albumin is used to estimate [Atot]
· SIGsimplified = [alb] x 4.9 – AG (dogs)
· SIGsimplified = [alb] x 4.58 – AG + 9 (cats)
· If SIGsimplified < -5 mEq/L: suspicious for UA-
· If patient is hyperphosphatemic: correct AG for hyperphosphatemia (see above)
· Stepwise approach:	
· pH and nature of primary disorder
· Expected compensation: simple or mixed
· Chloride contribution: Cl- gap, Cl/Na or Na – Cl
· Unmeasured anions: AG, BE algorithm or SIGsimplified

Questions
1. Your patient’s VBG is as follow:  pH = 7.35, HCO3- = 13 mEq/L, PCO2= 24 mmHg. Qualify its acid-base disturbance.

2. The same patient’s electrolytes are as follow: Na+ = 143, Cl- = 103, K+ = 3.5
a. What is its chloride gap
b. What is its Cl/Na ratio
c. What is its Na – Cl
d. Interpret the results

3. Again for the same patient, knowing that its albumin = 1.4 g/dL
a. Calculate the AG
b. Calculate the AG alb-adjusted
c. Calculate the SIGsimplified



Questions & Answers
1. pH =low normal;  HCO3 = metabolic acidosis; PCO2 = respiratory alkalosis. Primary disturbance is metabolic acidosis. Respiratory compensation expected: (22.5 – 13) x 0.7 = 6.65. Expected PCO2 = 42 – 6.65 = 35.35 +/- 2  = Mixed respiratory alkalosis and metabolic acidosis
2. The same patient’s electrolytes are as follow: Na+ = 143, Cl- = 103, K+ = 3.5
a. What is its chloride gap:  Corrected chloride = 148/143 * 103 = 106.6; Chloride gap = 110 – 106.6 = 3.4
b. What is its Cl/Na ratio = 0.72
c. What is its Na – Cl = 40
d. Interpret the results: chloride gap is normal, Cl/Na ratio is normal and Na-Cl is normal. No contribution of the chloride

3. Again for the same patient, calculate the AG, the AG alb-adjusted, SIGsimplified, knowing that its albumin = 1.4 g/dL
a. AG: (Na + K) – (Cl + HCO3) = 143 + 3.5 – 103 – 13 = 30.5
b. AG alb-adjusted = AG + 4.2 x (3.77 – [alb]) = 30.5 + 4.2(2.37) = 40.45
c. SIGsimplified = [alb] x 4.9 – AG = 1.4 x 4.9 – 40.45
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