CHLORIDE (DiBart Chapter 4)

Key point:
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· Venous chloride 3-4mEq/L lower than arterial
· Intracellular concentration lower than plasma
· Much higher in those with higher resting membrane potential eg RBC

Chloride metabolism 
· Gastrointestinal
· NaCl secreted in stomach
· Jejunum actively absorbs sodium
· Chloride reabsorption (paracellular) follows to maintain electroneutrality
· In ileum chloride is absorbed in conjunction with secretion of bicarb (active process)
· In colon 90% of sodium reabsorption (coupled with chloride) occurs
· Variable amounts of chloride in pancreatic secretions
· Renal
· Second most prevalent electrolyte in ultrafiltrate and Most is reabsorbed 
· Proximal tubule 
· Reabsorption both passively and actively linked to sodium 
· Formate-chloride exchange in luminal membrane
· Reabsorbed chloride returns to systemic circulation via K+/Cl- cotransporter in basolateral membrane
· Thick ascending limb has transcellular reabsorption
· More chloride in ultrafiltrate drives more reabsorption of NaCl
· Loop diuretics compete for chloride site on Na+K+2Cl carrier
· Distal tubule not fully understood
· Thiazide diuretics inhibit a Na+/Cl- in early distal tubule
· Collecting tubule chloride transport is related to bicarb transport
· Diffuse down electrochemical gradient paracellularly
· May have increased urinary chloride loss in hyperadrenocorticism due to actions on cortical collecting duct

Chloride and Acid-Base
· Metabolic acidosis
· May be hyperchloremic (normal AG) or normochloremic (high AG)
· Increase in Cl- results in decreased SID -> acidosis 
· Metabolic alkalosis 
· Decreased chloride causes increased SID -> alkalosis 
· Chloride depletion is accompanied by an increase in plasma bicarb
· With volume depletion there is augmentation of alkalosis due to reabsorption of bicarb in proximal tubules
· Volume expansion allows correction of alkalosis 
· Unsure how accurate this hypothesis is 
· New hypothesis suggests that chloride is required to correct but volume restoration may hasten correction
· Mechanism by which chloride replacement results in bicarb excretion is undetermined
· Chloride in adaptation to acid-base disorders
· Metabolic acidosis
· Kidneys increase net acid secretion (esp by enhanced NH4Cl secretion)
· Increased sodium excretion results in increased SID and normalized pH
· Chronic respiratory acidosis 
· Increased PCO2 -> increased intracellular H+ in renal tubular cells -> stimulation of net acid secretion (esp NH4Cl)
· Results in chloruresis and bicarb reabsorption
· Chronic respiratory alkalosis
· Renal H+ excretion is decreased
· Decreased NH4Cl excretion and increased renal Cl- reabsorption

Clinical approach to chloride disorders
· Corrected chloride
· When changes in chloride are due to changes in free water sodium also changes proportionally
· Calculating corrected chloride allows us to characterize chloride changes as either artefactual (solely due to free water changes) or corrected (chloride itself is primarily changed)
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· Measuring chloride
· Different reference intervals for different methods and labs should be taken into account
· No breed related changes have been identified
· Measuring in serum is preferred (stable for months)
· Generally measured based on ion electrical potential using an Ag electrode
· Interference when iodine, bromide or cyanide are present (increased Cl measured)
· In lipemic samples chloride is overestimated if colorimetric methods are used, underestimated if titrimetric methods are used

Clinical disturbances
· Artefactual hypochloremia and hyperchloremia
· Change in free water results in equal change of sodium and chloride
· Should give primary attention to the sodium ion
· Bicarb changes in same direction as chloride in these situations
· Patients with artefactual hypochloremia have decreased SID and so dilutional acidosis
· Patients with artefactual hypochloremia have increased SID therefore concentration alkalosis

· Corrected hypochloremia
· Results in tendency toward alkalosis due to increased SID
· Clinical signs are likely due to associated alkalosis
· Hypochloremia may potentiate decreased GFR (due to shifts of ECF to ICF?)
· May be caused by:
· Loss of Cl > sodium
· Loop and thiazide diuretics
· Vomiting of stomach contents 
· Exercise losses in greyhounds
· Chronic hypercapnia 
· Hyperadrenocorticism
· Pseudohypoadrenocorticism in dogs
· Cats – acute tumor lysis syndrome, hypoadrenocortisim, anemia, hemorrhagic pleural effusion, DKA (vomiting may contribute)
· Administration of substance with more Na than Cl (eg NaHCO3)
· Treatment:
· Decrease the SID by administering chloride
· 0.9% NaCl
· Chloride salts if volume expansion is not desired 
· Correct underlying process 
· Corrected hyperchloremia
· Decreased SID -> acidosis 
· Clinical signs are related to accompanying acidosis 
· Caused bY:
· Chloride retention in renal failure
· Renal tubular acidosis  
· Mechanism unclear but chloride replaces bicarb in plasma
· Diarrhea 
· Sodium loss is greater than chloride loss
· DKA 
· Ketones are excreted and chloride is retained in their place
· Administration of NaCl and KCl
· Hypoadrenocorticism, Hypoaldosteronism (chloride retention)
· Salt poisoning
· Drugs (potassium sparing diuretics) 
· Parenteral nutrition (has cationic amino acids that release chloride and generate H+)
·  NH4Cl administration, hypertonic saline
· Fluid administration (eg isotonic saline, LRS)
· Chronic hypercapnia 
· Exercise in dogs that aren’t greyhounds
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QUESTIONS
1. List three mechanisms by which a corrected hyperchloremia may develop 

2. A dog is admitted to the hospital with the following electrolyte values:
Cl- = 120mEq/L (RR: 107-113mEq/L) 		 Na = 158 (RR: 142-150mEq/L)
Using the Stewart approach, what effect on acid-base status is expected and why? 


















ANSWERS:
1. Chloride retention in renal failure, Renal tubular acidosis , Diarrhea , DKA , NH4Cl administration, hypoadrenocorticism, drugs
2. Chloride corrects to normal so decreased free water concentration -> concentration alkalosis due to increased SID
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TABLE 4 Classification of Chloride Disorders
Disorder Na~ CI” Corrected Assoclated Acid-Base Disorder
Artifactual hyperchloremia + 1 N Concentration alkalosis
Artifactual hypochloremia 4 I N Dilution acidosis
Corrected hyperchloremia N4 [ " t Hyperchloremic acidosis
Corrected hypochloremia N4 "N 4 Hypochloremic alkalosis
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Figure 4-3 Algorichm for evaluation of dogs with corrected
hyperchloremia.
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Cortectea hypocriorema.
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Figure 4-2 Algorithm for the evaluation of dogs with corrected
hypochioremia.
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