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1. Hepatic encephalopathy most commonly associated with portosystemic shunting in dogs and cats
Underlying causes of HE
       -Congenital portosystemic vascular anomalies *most common in dogs*
-Acquired portosystemic circulation secondary to portal hypertension *most common in dogs, CPSS > APSC*
-Acute liver failure without portosystemic shunting leading to ammonia dysmetabolism
-Congenital urea cycle enzyme deficiencies
-Arginine deficiency (substrate of urea cycle) in cats with hepatic lipidosis

2. Ammonia plays a central role in pathogenesis of HE in dogs and cats
a. Other factors such as manganese, inflammatory mediators in sepsis/SIRS, aminoacid imbalance and oxidative stress also play a role
b. Precipitating factors to HE (Table 1): sepsis, GI hemorrhage, constipation, excess dietary protein, dehydration, drug, hypokalemia, hyponatremia, uremia, superimposed hepatic injury, alkalosis

3. Treatment 
a. Moderate protein restriction diet. 
i. Recently, a soy protein-based diet was found to be beneficial in treating canine HE.
ii. Severe dietary protein restriction is likely to be detrimental in affected animals. 
b. There have been no clinical trials of drugs routinely used in the management HE in veterinary medicine, but lactulose and antimicrobials such as metronidazole are well-established treatments.


PATHOGENESIS
AMMONIA 
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· NH3 is lipid soluble and passes freely across cell membranes, NH4+ does not
· Main sources of ammonia (NH3) 
· (1) Urease producing GI microbial organisms, from break down of nitrogenous products 
· (2) metabolic activity of intestinal mucosa (glutamine metabolized to glutamate + ammonia via glutaminase (enterocytes have high glutaminase activity)
· Liver
· Main organ involved in ammonia detoxification 
· Metabolizes ammonia to urea OR glutamine
· Urea-cycle in periportal hepatocytes: urea excreted by kidneys
· Glutamine synthesized in perivenous hepatocytes (high glutamine synthetase activity)
· Kidneys
· Capable of both synthesis and metabolism of ammonia
· Human kidneys contain glutaminase and glutamine synthetase, unsure of role in dogs/cats?
· Muscle
· Most quantitatively important source of glutamine synthetase
· Brain
· The cerebrum has glutaminase and glutamine synthetase activity
· Astrocytes have high glutamine synthetase activity
· Neurons have the highest glutaminase activity


Role of ammonia in development of HE (humans) 
· Ammonia freely passes BBB
· Ammonia causes astrocyte swelling.  swollen astrocytes change morphology (become Alzheimer type II cells)
· Sudden exposure of astrocytes to ammonia (acute liver failure): results in glutamate release. 
· Manifests as agitation, confusion, seizures 
· Prolonged astrocyte exposure to ammonia (chronic liver failure): glutamate-binding sites and glutamate transporters downregulated. 
· Manifests as mental depression
· Dogs with CPSS were shown to have higher CSF concentrations of glutamine than control dogs
· suggesting that the canine cerebrum converts excess ammonia to glutamine


Other mechanisms involved in development of HE
1. Infection and inflammation 
· Inflammatory mediators potentiate the effects of ammonia on CNS 
· Evidence in dogs, not enough. Need to further define mechanism
2. Oxidative stress
· Role of oxidative stress in the pathogenesis of HE has not been reported in dogs or cats
· In humans can lead to increased BBB permeability, astrocyte swelling, and cerebral edema
3. Manganese
· Dogs with CPSS have increased whole blood manganese concentrations compared to healthy dogs
· Role in development of canine HE is undefined
· Manganese is a neurotoxin that is believed to synergize with ammonia in causing HE
4. Amino acid imbalance
· Ratio of plasma branched chain amino acids (BCAA) to aromatic amino acids (AAA) is altered
· Increase in plasma and CSF AAA and a decrease in plasma BCAA 


Precipitating factors to HE
· In humans having one or more of these factors have a worse prognosis 
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*** Precipitating factors reported in humans, dogs and cats


Classification of HE
· In veterinary patients here is no way to diagnose covert HE in dogs and cats
· There are no universally accepted guidelines to grade the severity of overt HE in dogs or cats, some use guidelines similar to human classification scheme
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Underlying causes of HE
1. Congenital portosystemic vascular anomalies *most common in dogs*
2. Acquired portosystemic circulation secondary to portal hypertension *most common in dogs, CPSS > APSC*
3. Acute liver failure without portosystemic shunting leading to ammonia dysmetabolism
4. Congenital urea cycle enzyme deficiencies
· Arginosuccinate synthetase deficiency (reported in Irish wolfhound)
5. Arginine deficiency (substrate of urea cycle) in cats with hepatic lipidosis


Clinical presentation of HE
· No studies showing which breed of dogs are predisposed to development of CPSS
· Tobias JAVMA 2003 review of 2400 dogs reported breeds most likely to be have CPSS (in descending order) were: Havanese, Yorkshire Terrier, Maltese, Dandy Dinmont Terrier, Pug, Miniature Schnauzer, Standard Schnauzer, and Shi Tzu
· No studies evaluating which dog breeds are most likely to develop APSC
· No studies evaluating which cat breeds are predisposed to CPSS
· CPSS reported in domestic shorthair, Persian, British Shorthair, Ragdoll, domestic longhair, Birman, British Blue, and Tonkinese
· Most common signs in dogs
· obtundation (33%), altered behavior (29%), head pressing (28%), ataxia (26%), apparent seizures (24%), vomiting (24%), lethargy (23%), ptyalism (23%), apparent blindness (19%), and shaking (14%)
· most common findings on neuro exam obtundation (31%), ataxia (20%), weakness (10%), conscious proprioceptive deficits (9%), seizures (8%), circling (6%), cranial nerve deficits (5%), stupor (5%), and tremor (4%).
· Most common signs in cats
· Ptyalism, anorexia, weakness, vomiting, and lethargy 


Diagnosis
· History: Episodic signs of encephalopathy, which worsen after a meal 
· CBC/Chem (CPSS): microcytosis, hypoalbuminemia, hypercholesterolemia, low or low normal serum urea and glucose
· CBC/Chem (APSC): increased serum liver enzyme activities, hyperbilirubinemia, hypoalbuminemia
· CBC/Chem in cats: Increased ALP, hyperbilirubinemia (hepatic lipidosis) 
· Increased venous plasma [ammonia], but does not have to be
· Fasting ammonia concentrations in dogs poorly predict the severity of HE
· Measurement of pre and post prandial serum [bile acid]
· Imaging for definitive dx: angiography, abdominal u/s, portal scintigraphy, CT angiography, MRI angiography


Treatment
1. Treat underlying cause
· Shunt attenuation is often recommended for patients with CPSS
· Ameroid constrictor, cellophane banding for an extrahepatic CPSS
· Transjugular embolization for intrahepatic CPSS
· Treat feline hepatic lipidosis – feed high protein diet
· Helps resolve the arginine deficiency that leads to hyperammonemia

2. General supportive care and treatment of precipitating factors
· Albumin?
· FFP?
· Pantoprazole? -  Dogs with hepatic disease are predisposed to gastroduodenal ulceration (Stanton JVIM 1989)

3. Nutrition
· Severe protein restriction no longer recommended in humans or dogs
· Liver formulated diet commonly used:  moderately protein-restricted (14–18% protein)
· Nonmeat protein-based diets are often recommended for dogs with HE (more significant improvement in HE)
· Supplement with nonmeat protein based diet if animal is not getting adequate protein
· Hepatic support diets with moderate levels of high quality protein (24–31% protein) have been recommended for cats with HE due to CPSS
· No studies confirming the efficacy of these diets in treating or preventing feline HE

4. Lactulose
· Non-absorbable disaccharide
· Beneficial effects 
i. trapping of ammonium ions within the colon leading to decreased absorption of ammonia into the portal circulation
ii. inhibition of ammonia production by colonic bacteria
iii. stimulation of incorporation of ammonia within bacterial proteins
iv. reduced intestinal transit times leading to decreased bacterial ammonia release
v. increased fecal excretion of nitrogenous compounds
· 1–3 mL per 10 kg of body weight q 6–8 hours for dogs and cats
· Dose adjusted until the patient passes three to four soft stools per day
· Lactulose can be given per rectum after cleansing warm water enema (same dose diluted to 30% with warm water)
· Retained for at least 30 minutes
· Its benefit over warm water enema has not been proven

5. Antibiotics
Alterations in intestinal microbiome may reduce ammoniagenesis
a. Neomycin – no longer recommended in humans due to lack of evidence supporting efficacy and risk for nephron and ototoxicity
b. Metronidazole - clinical trials describing efficacy for HE not reported in veterinary species. Dose: 7.5mg/kg PO q 8–12 (dogs and cats) 
a. Ampicillin - 20 mg/kg q 6–8 hours used in place of other antibiotics
b. Rifaximin - both gram-positive and gram-negative organisms. Causes low rate of selection for resistant bacterial mutants compared to other antimicrobials. Cost prohibitive. May not be superior to nonabsorbable disaccharides for managing HE, but may be better tolerated. Safety and efficacy of this drug in dogs and cats with HE have not been established

6. Anticonvulsants
· Should be administered if seizures occur prior to or after attenuation of CPSS
· Sometimes given to patients with CPSS prior to shunt attenuation in an attempt to reduce the occurrence of postoperative seizures
· Diazepam/midazolam – controversial, metabolized by liver
· Levetiracetam  - renally excreted
· Fryer JVIM 2011: Administration prior to CPSS attenuation reduced the occurrence of postoperative seizures
· Propofol – suitable for use in emergency situation
· Phenobarbital – metabolized by liver, not good choice
· Zonisamide – can be used as adjunctive treatment for refractory seizures in dogs OR sole treatment of seizures 
· Its efficacy in dogs with seizures due to HE or seizures that occur after attenuation of a CPSS has not been reported


Questions
1. True/False: Fasting ammonia concentrations in dogs predict severity of HE

2. True/False: Feeding a high protein diet to cats with HE is not recommended

3. Describe the role of the following systems in ammonia trafficking in metabolism (ammonia loss or gain and how)
(a) Cerebrum 
(b) Kidney
(c) Liver
(d) GI tract


Answers:
True or False: Fasting ammonia concentrations in dogs predict severity of HE
False – POORLY predict severity of HE

True or False: Feeding a high protein diet to cats with HE is not recommended
False – resolves arginine deficiency that leads to hyperammonemia

Describe the role of the following systems in ammonia trafficking in metabolism (ammonia loss or gain and how)
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Table 1: Precipitating factors for hepatic encephalopathy

Precipitating factor Proposed mechanism(s) of action
Sepsis Inflammatory mediators have a synergistic effect with ammonia
Increased blood brain barrier permeabity
Alered neurolransmission
Gasirointestinal hemorhage Increased profein load and ammoriagenesis
Consiipation Dehyration
Elecirolyte abnormaliies
Bacterial overgrowth and bacerial ranslocation
Excess dietary protein Increased ammoniagenesis
Denydration Electrolyle changes
Increased renal ammoniagenesis
Drugs Benzodiazepines and opioids lead fo sedation
Divretics lead fo elcirolyle imbalances, alkalosis, and dehydration
Hypokalemia Movement of infracellular potassium into the extracelluar space leads to intracelllar acidosis and
rapping of ammonium ons within cells
Hyponatremia Enhanced astrocyte sweling
Akalosis Increased acoess of ammonia to neurons (due fo @ it i i the equilbrium from ammonium ions.

Poor compliance with lactulose therapy
‘Bowel obstruction

Uremia
‘Superimposed hepatic injury

to ammonia, which can pass through cell membranes)
Increased ammoniagenesis

Dehyaration

Electrolyte abnormalies

Bacterial overgrowth, and bacterial ransiocation
Increased renal ammoniagenesis

Decreased hepatic conversion of ammonia to urea
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Table 2: Grading scheme for canine hepatic encephalopathy”™

Grade

Clinical signs

0
1

"
"

Nore

Midy decreased mobilty, apathy, or both

Severe apatny, mi ataxia, or both

Hypersalvation, severe aaxia, head pressing, bindness,
Gicing, or some combination of these signs

Seizures, stupor, or coma
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