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1. Patients with liver disease are hypervolemic and hyponatremic.
Order of water and Na disturbances in liver disease: 
(1) Impaired ability to excrete sodium 
(2) Impaired water excretion 
(3) Decreased GFR


2. Impaired water and sodium elimination arises from several factors: 
a. Enhanced sodium reabsorption in the proximal nephron and decreased delivery of glomerular filtrate to the distal nephron
b. Decreased GFR caused by splanchnic vasodilatation*, low systemic blood pressure*, altered cardiac output, and inappropriate vasoconstriction of the glomerular efferent arterioles
c. Decreased renal prostaglandin synthesis (PGE2) and impaired autoregulation of renal blood flow
d. Pathologic redistribution of renal blood flow away from the cortex
e. Increased response to, or activity of, aldosterone
f. Nonosmotic stimulation of AVP release*
*Most important factors favoring dilutional hyponatremia

3. Cats with hepatic lipidosis do not have consistent changes in serum electrolyte concentrations

4. Hypomagnesemia can impair the response to K supplementation because it perpetuates renal K wasting

5. When evaluating a transudate with low cellularity serum-to-effusion albumin gradient > 1.1 suggests portal hypertension 


Hypomagnesemia in Liver Disease
· Infrequent
· Mg essential as enzyme co-factor
· Mechanism behind clinical signs undefined. 
· Likely involve transcellular shifting of Mg into cells with glucose
· Clinical signs:
· Muscle weakness
· Impaired contractility of the diaphragm
· Aggravation of preexisting cardiomyopathy
· Altered sensorium (similar to mimic hepatic encephalopathy) 
· HypoMg can impair the response to potassium supplementation because it perpetuates renal potassium wasting


WATER AND SODIUM DISTURBANCES IN CHRONIC LIVER DISEASE

Order of disturbances: (1) Impaired ability to excrete sodium (2) Impaired water excretion (3) Decreased GFR

· In patients with hepatic insufficiency + ascites total body sodium is not reflected in the serum [sodium]
· Hyponatremia is associated with poor outcome and poor short term prognosis (human studies)
· Dilutional hyponatremia caused by impaired free water excretion
· Worse hyponatremia in cirrhosis + ascites (dogs)
· Decreased free water excretion linked to increased vasopressin (AVP or ADH) secretion
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Specific Mechanisms of Water and Electrolyte Disturbances in Cirrhosis and Portosystemic Shunting

1. Nonosmotic Vasopressin Stimulation
· Central factor mediating water retention in cirrhosis
· Acute changes in portal venous pressure in cirrhotic dogs initiate AVP mediated antidiuresis
· Both systemic and splanchnic arterial vasodilatation can stimulate nonosmotic AVP release and activate other antidiuretic and vasopressor systems
· Vasoconstrictor systems become continuously stimulated and promote the sodium and water retention that causes edema and ascites  exaggerated by abnormal retention of AVP as a result of impaired metabolism

2. Increased Basal Cortisol and ACTH Concentrations

3. Altered Steroid Hormone Metabolism
· Abnormally increased serum bile [salt] may inhibit 11bhydroxysteroid dehydrogenase-2 (11b-HSD-2) 
· 11b-HSD-2 selectively modulates access of aldosterone to mineralocorticoid receptors 
· Absence or inhibition of 11b-HSD-2 can mimic mineralocorticoid excess 
· The up-regulation of the vasopressin regulated water channel aquaporin-2 (AQP2) and increased targeting of AQP2 to luminal membranes likely to contribute to the increased water reabsorption and urinary concentration in hepatic cirrhosis

4. Abnormal Aldosterone Release and Responsiveness to Aldosterone

5. Splanchnic Arterial Vasodilatation
· The cause of systemic and splanchnic arterial vasodilatation that stimulates AVP production and other antidiuretic and vasopressor mechanisms is not completely understood
· Nitric oxide (NO) plays an integral role
· Splanchnic arterial vasodilation reflects
· Increased exposure to bacterial endotoxins from enhanced transmural passage of endotoxin from the gut lumen
· Formation of arteriovenous shunts
· Formation of acquired portosystemic communications  

6. Diminished Renal Prostaglandin Synthesis
· Prostaglandins normally regulate renal perfusion and tubular response to AVP


Water and Sodium Disturbances in Cats with Liver Disease
· Cats with HL do not have consistent changes in serum electrolyte concentrations


Assessment of Ascites arising from liver disease
· Pure transudate 
· TP < 2.5 g/dL 
· USG 1.010 -1.015
· Cytology: low cellularity with only a few mesothelial cells and neutrophils 
· Icteric patients: yellow and bilirubin crystals may be observed. [Bilirubin] effusion < [Bilirubin] serum
· Serum-to-effusion albumin gradient > 1.1 suggests portal hypertension 
· Measure abdominal girth to evaluate changes in fluid accumulation




SUMMARY OF EFFECTS OF CIRRHOSIS ON TOTAL BODY SODIUM AND WATER AND ASCITES FORMATION

Impaired water and sodium elimination arises from several factors: 
(1) Enhanced sodium reabsorption in the proximal nephron and decreased delivery of glomerular filtrate to the distal nephron
(2) Decreased GFR caused by splanchnic vasodilatation*, low systemic blood pressure*, altered cardiac output, and inappropriate vasoconstriction of the glomerular efferent arterioles
(3) Decreased renal prostaglandin synthesis (PGE2) and impaired autoregulation of renal blood flow
(4) Pathologic redistribution of renal blood flow away from the cortex
(5) Increased response to, or activity of, aldosterone
(6) Nonosmotic stimulation of AVP release*
*Most important factors favoring dilutional hyponatremia
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Questions
1. Name three factors that affect water and sodium elimination in liver disease

2. Which of the 5 factors that affect water and sodium elimination in liver disease FAVOR dilutional hyponatremia



Answers
3. Name three factors that affect water and sodium elimination in liver disease

4. Which of the 5 factors that affect water and sodium elimination in liver disease FAVOR dilutional hyponatremia

a. Decreased GFR caused by splanchnic vasodilatation*, low systemic blood pressure*, altered cardiac output, and inappropriate vasoconstriction of the glomerular efferent arterioles
b. Decreased renal prostaglandin synthesis (PGE2) and impaired autoregulation of renal blood flow
c. Pathologic redistribution of renal blood flow away from the cortex
d. Increased response to, or activity of, aldosterone
e. Nonosmotic stimulation of AVP release*
*Most important factors favoring dilutional hyponatremia

f. Decreased GFR caused by splanchnic vasodilatation*, low systemic blood pressure*, altered cardiac output, and inappropriate vasoconstriction of the glomerular efferent arterioles
g. Decreased renal prostaglandin synthesis (PGE2) and impaired autoregulation of renal blood flow
h. Pathologic redistribution of renal blood flow away from the cortex
i. Increased response to, or activity of, aldosterone
j. Nonosmotic stimulation of AVP release*
*Most important factors favoring dilutional hyponatremia
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T A HEPATORENAL SYNDROME

Diagram showing the pathophysiologic mechanisms associated with ascites formation in
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