Acid-Base Pathophysiology





The Renal Regulation of Acid-Base Balance





The kidneys play the premier role in the maintenance of normal ECF HCO3 concentration.  Several processes are involved and disorders of these processes underlie the clinical disorders included in the catch all group of "renal tubular acidoses."  Large quantities of plasma HCO3 are filtered at the glomerulus and must be reabsorbed in the proximal tubule.  Additionally, the kidney must regenerate a quantity of "new bicarbonate" sufficient to replace what has been consumed by titration of endogenous production of acids.  These acids are produced associated with metabolism of the normal canine and feline diet.  The kidney accomplishes this by excretion of so-called titratable acidity (primarily phosphate salts because of a favorable pK at normal urine pH) and through ammoniagenesis and excretion of NH4Cl.  Net acid excretion (NAE) is excretion of titratable acidity plus ammonium minus HCO3. Much of regulation of the NAE occurs at the level of the distal tubule and collecting duct.








Evaluation of Acid-Base Status





The best way  to evaluate the acid-base status of veterinary patients has been re-examined in recent years associated with the introduction by Peter Stewart of the concept of strong ion difference (SID).  The concepts introduced by Stewart  actually represented a re-introduction of the concept of buffer base, which had previously been suggested as the most relevant measure of the non-respiratory (metabolic) component of acid-base status.   Prior to Stewart’s introduction of SID, most of us had learned that bicarbonate or base excess were the best measure of metabolic acid-base status.  





There is general agreement that plasma pH is the parameter that the body’s regulatory mechanisms are designed to protect.  Further, PCO2 is accepted as the measure of the respiratory component of acid-base status.  The ongoing discussion centers on the question of what is the most relevant measure of the non-respiratory (non-PCO2) contribution to plasma pH.  Although there was not, and is not, agreement as to the superiority of bicarbonate versus base excess for this purpose, these had been the accepted measures. The introduction of SID seems to have restarted the discussion. Although several articles have been published in the veterinary literature in recent years on the use of SID, there has not been universal acceptance of these concepts--his ideas have been variably characterized as “revolutionary” to “absurd.”  In my opinion, the use of SID in preference to either bicarbonate or base excess is premature.  The controversy is complex and rooted in chemistry; it centers on the validity of the use of plasma electrolyte status, in preference to hydrogen ion concentration, as a determinant of acid-base status. As a nephrologist, it is difficult for me to conceptualize HCO3 as an independent variable as is done by the Stewart model because I’ve spent far too much time trying to understand how the kidney attempts to regulate HCO3 concentrations!








Normal Venous Blood Gas Values





For clinical assessment of pulmonary function,  arterial blood gases are absolutely required.  A venous blood gas will tell you nothing about pulmonary function.  Venous blood gases can, however, provide sufficient information about acid-base status.  Arterial blood gases are superior but can be more difficult to obtain.  When using a venous blood gas for assessment of a patient’s acid base status, it is important to obtain the sample from a free-flowing central vein and to maintain the sample chilled and anaerobic until analysis.








	pH	PCO2	HCO3	


dog	7.397  (7.351 - 7.443)	37.4  (33.6 - 41.2)	22.5  (20.8 - 24.2)


cat	7.343  (7.277 - 7.409)	38.7  (32.7 - 44.7)	20.6  (18.0 - 23.2)








Note:  Venous PCO2s will be higher than arterial by about 6 mmHg.  When choosing normals for the following analyses, I recommend using the bottom of the range for arterial samples and the top of the range for venous samples.  





Total CO2, which is available on most routine chemistry panels, is a valuable screening test for acid-base abnormalities.  It is important to remember that TCO2 is subject to in vitro error when the serum is exposed to air or vacuum.  CO2 can diffuse out of the blood, which will lower the TCO2, when blood tubes are incompletely filled or the serum is left exposed to air.  Further, normal ranges for this parameter in some laboratories may be inappropriately broad perhaps owing to these types of in vitro errors occurring when the reference ranges were determined.








The Old Stand-by Approach


The standard approach has been to evaluate the blood gas and electrolyte values according to the following sequence of steps:


Preparatory:  Are the reported lab values plausible?  


	[H+]  = 23.9  x   PCO2  


		  [HCO3]


	Conversions:	pH	[H+] 	pH	[H+]


		7.54	29	7.20	63


		7.50	32	7.15	71


		7.46	35	7.10	79


		7.42	38	7.05	89


		7.40	40	7.00	100


		7.38	42


		7.34	46


		7.30	50


		7.25	56


		





This equation derived from Henderson-Hasselbalch equation defines the bicarbonate buffer system.  If the values provided on your blood gas results don’t result in equality when this equation is solved, then the provided values must have an error.  





Step one:  What is the primary problem?


	pH  	> 7.4   alkalosis   (alkalemia indicates the primary disorder is alkalosis)


		< 7.4   acidosis    (acidemia indicates the primary disorder is acidosis)





	HCO3   	> 22-24   metabolic alkalosis


		< 20-22   metabolic acidosis





	PCO2	> 40     respiratory acidosis


		< 37     respiratory alkalosis





	The HCO3 and PCO2 are used to determine the processes that are present.  The pH defines which is the primary response and which is compensatory.





Step two:  Is the compensation adequate?


	Expected compensation for dogs are:


	  Disturbance	  Primary change	  Compensatory response	Limits of Compen-				sation (human)


	---------------------	--------------------------	------------------------------------	--------------------------


	metab. acidosis	1 mEq decr. HCO3	0.7-0.9 mmHg decr. PCO2	10 mmHg


	metab. alkalosis	1 mEq incr. HCO3	0.7 mmHg incr. PCO2	55 mmHg


	acute resp. acidosis	1 mEq incr. PCO2	0.15 mEq incr. HCO3	30 mEq/L


	chronic resp. acid.	1 mEq incr. PCO2	0.034-0.039 mEq incr. HCO3	45 mEq/L


	acute resp. alkalosis	1 mEq decr. PCO2	0.2 mEq decr. HCO3	18 mEq/L


	chronic resp. alkal.	1 mEq decr. PCO2	0.55 mEq decr. HCO3	12-15 mEq/L





	Unfortunately, these values are not known for cats.











Step three:  Is an anion gap present?


	AG = [Na+  +  K+]  --  [Cl-  +  HCO3]   


	normal    dogs: 12 - 24 mEq/L


	               cats: 23 - 27 mEq/L


	Anions that may accumulate and contribute to an increased anion gap include:  lactic acid, ketoacids, sulfate, phosphate, drug and toxins.





Step four:  Is a mixed disturbance present?


	Are there findings suggestive of a mixed disorder?


		*  less than expected compensation


		*  greater than expected compensation


		*  high anion gap


		*  high Cl- without a proportional increase in Na+


	Evaluate change in HCO3 vs. change in Cl- for non-anion gap acidosis


		change in HCO3 = change in Cl-   -->  hyperchloremic acidosis


		change in HCO3 > change in Cl-   -->  mixed metabolic acidosis


		change in HCO3 < change in Cl-   -->  mixed hyperchloremic metabolic acidosis 		        and metabolic alkalosis


		


Causes of Metabolic Acidosis





Increased AG acidosis:	ethylene glycol intoxication, salicylate intoxication, methanol intoxication, lactic acidosis








Normal AG acidosis (hyperchloremic):    diarrhea, renal tubular acidosis, carbonic anhydrase inhibitors, NH4Cl ingestion, cationic amino acid supplements, hypocapnic acidosis, dilutional acidosis (eg rapid NaCl infusion)








Both or either/or:  diabetic ketoacidosis (usually predominantly increased AG), uremic acidosis, hypoadrenocorticism














TERMS





Base Excess (BE) is a measure of the total excess or deficiency of base (buffers) in the blood. It represents that amount of H+ that would have to be added or removed from the plasma to back titrate to the reference pH (pH of 7.4 at PCO2 of 40 torr at 37 degrees).  


BE is often used for calculation of the amount of bicarbonate that should be given for the treatment of metabolic acidosis.  The formula:  0.3 x BE x BW (kg)   is often used to determine needed replacement.  Many clinicians give this in incremental doses based on serial blood gas determinations.  Many patients do not need to have their entire deficits replaced because the acid-base status often improves in response to other therapeutic interventions (e.g. improved peripheral circulation).





Strong ion difference (SID) is the difference between the strong-base cations and strong-acid anions.
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