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KEY POINTS

� When treating a dog or cat with hepatobiliary disease, it is essential to identify and address
systemic complications.

� Gastroduodenal ulceration/erosion is a complication of intrahepatic portosystemic shunts
and cirrhosis in dogs.

� Fibrosis is a potentially reversible process, and the mainstay of treatment is to address the
underlying cause of chronic inflammation (eg, chelation therapy in a dog with copper-
associated chronic hepatitis).

� Ammonia dysmetabolism is central to the pathogenesis of hepatic encephalopathy, but
other factors play important synergistic roles.

� Because coagulant and anticoagulant factors are affected in patients with hepatic
dysfunction, they may be in an altered but balanced hemostatic state.
INTRODUCTION

Amongst its many functions, the liver plays a central role in the body’s metabolism of
proteins, lipids, and carbohydrates; is a key excretory organ; and detoxifies xenobi-
otics and endogenous toxins (Table 1). Therefore, it is not surprising that hepatobili-
ary disease in dogs and cats can lead to various systemic complications. The clinical
signs associated with systemic complications may be the first signs the patient has.
Some signs are not specific for hepatobiliary disease (eg, vomiting, dysrexia/hypo-
rexia), whereas others are more liver-specific (eg, hepatic encephalopathy [HE]).
Additionally, the liver has a large functional reserve capacity and some of these com-
plications only manifest with advanced disease and have prognostic implications
(eg, jaundice in a dog with chronic hepatitis1). These syndromes lead to significant
morbidity, and in some cases, are the reason for euthanasia or death. Therefore, it
is essential to identify and address these complications when treating dogs or cats
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Abbreviations

APSC acquired portosystemic collaterals
aPTT activated partial thromboplastin time
CPSS congenital portosystemic shunts
CT computed tomography
GI Gastrointestinal
PT prothrombin time
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with hepatobiliary disease. This article will discuss common complications of hepato-
biliary disease in dogs and cats.

GASTROINTESTINAL SIGNS

Gastrointestinal (GI) signs, such as vomiting, diarrhea, and dysrexia, are common in
dogs and cats with various hepatobiliary diseases. For example, in a combined anal-
ysis of 294 dogs with chronic hepatitis, 24% were reported to vomit, 20% had diar-
rhea, 6% had melena, and 3% had abdominal pain (Table 2).2 While GI signs may
be some of the earliest signs of hepatobiliary disease in dogs and cats, they are not
specific for hepatobiliary disease.
Gastroduodenal ulceration/erosion is a reported complication of advanced chronic

hepatitis in dogs. The finding that 6% of dogs with chronic hepatitis had melena sup-
ports this.2 Furthermore, in a study of 40 dogs with liver disease (13 congenital, 13
inflammatory, 3 cirrhosis, and 11 other), 10% had endoscopic evidence of gastrodu-
odenal ulceration.3 However, this study lacked a control group, and some apparently
healthy dogs have gastroduodenal ulceration.4 The mechanism of gastroduodenal
ulceration/erosion in liver disease is likely multifactorial and not fully characterized.
Portal hypertension is likely to play a role in some cases as it leads to splanchnic

congestion and reduced blood flow. In humans, portal hypertensive gastropathy is
a common manifestation of portal hypertension on the GI tract. Portal hypertensive
gastropathy is characterized by congestion of the gastric mucosa. The resulting hyp-
oxia leads to the local production of inflammatory cytokines and angiogenic factors.
The result is that the gastric mucosa is more susceptible to injury from noxious sub-
stances such as bile acids or nonsteroidal anti-inflammatory drugs.5 The effects of
portal hypertension on the GI tract of dogs and cats have not been well characterized,
especially at a cellular or molecular level. Esophageal varices are dilated submucosal
distal esophageal veins connecting the portal and systemic circulations (ie, acquired
portosystemic collaterals; Fig. 1A, B) and are the other common manifestation of por-
tal hypertension on the GI tract. They are a common cause of GI bleeding in humans
with cirrhosis and often coexist with portal hypertensive gastropathy. They are also the
most common cause of death in these patients.6,7 Esophageal varices are not a
commonly recognized complication of liver disease in small animals, but have been
described.8,9 In a case series of 25 dogs diagnosed with esophageal varices, 24
were diagnosed with computed tomography (CT) angiography. Cases were associ-
ated with portal, pulmonary, or caval hypertension, and GI hemorrhage was not a
common clinical manifestation.9 It has been hypothesized that dogs are less likely
to develop severe bleeding from esophageal varices due to a subserosal location
as opposed to a submucosal location in humans.10

The liver removes most bioactive gastrin (as well as many other hormones) from the
circulation. Hypergastrinemia and resultant gastric hyperacidity have often been hy-
pothesized to be a contributor to gastroduodenal ulceration/erosion in dogs and
cats with liver disease. However, a study of dogs with liver disease did not show an



Table 1
Select liver functions

Liver Function Possible Clinical Consequences of Dysfunction

Metabolism

Carbohydrates
� Glycogen storage, glycogenolysis,
glucogenesis

Hypoglycemia
� Only occurs with severe loss of liver function

unless other factors contribute

Lipids
� Synthesis of cholesterol
� Synthesis of lipoproteins
� Beta oxidation of fatty acids
� Synthesis of fatty acids from
proteins and carbohydrates

� Hypocholesterolemia
� Failure to export very low density lipoproteins

at a sufficient rate may contribute to feline
hepatic lipidosis

Proteins
� Synthesis of plasma proteins
� Deamination of amino acids
� Conversion of ammonia into urea
� Amino acid synthesis
� Transamination of amino acids

� Hypoalbuminemia
� Can contribute to development of ascites

� Hyperammonemia
� Can contribute to HE

Bile secretion

� The liver uptakes bilirubin from
the plasma, conjugates it with
glucuronic acid, then secretes it
in the biliary system

� The liver synthesizes bile acids
from cholesterol

� Bile acids emulsify dietary
fats and form micelles

� Nonpolar xenobiotic metabolites
and other substances, including
excess copper are excreted in the bile

� Icterus
� Cholestasis can lead to malassimilation of fats

� Can contribute to GI signs
� Can lead to deficiency of fat-soluble

vitamins (A, D, E, K)
� Cholestasis may contribute to hepatic copper

accumulation (more so in cats and humans
than in dogs)

Vitamin storage

� Fat-soluble (A, D, K)
� Water-soluble (B12)

� Vitamin deficiency
� A, D, & B12 deficiencies are common in

humans with liver disease
� Vitamin K deficiency in cholestatic patients

can contribute to hemostatic abnormalities

Mineral storage

� Copper
� Iron
� Trace elements (zinc, selenium, tin,
manganese, molybdenum, cobalt)

� Excess hepatic copper or iron can lead to
oxidative damage

� Zinc deficiency in humans with liver disease
can worsen fibrosis and steatosis

Hemostasis

� Synthesis of coagulation factors
� Synthesis of thrombopoietin
� Synthesis of anticoagulant factors

� Hypocoagulability
� Increased bleeding risk after invasive

procedures
� May contribute to GI bleeding

� Thrombocytopenia
� Hypercoagulability

� Portal/splanchnic venous thrombosis

(continued on next page)
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Table 1
(continued )

Liver Function Possible Clinical Consequences of Dysfunction

Detoxification

Xenobiotics (chemical substances
that are foreign to an organism)

� Metabolites produced by phase 1
biotransformation can be more toxic than the
parent compound leading to hepatocellular
damage

� Altered drug metabolism in patients with
hepatic insufficiency

Hormones
� Cortisol
� Aldosterone
� Androgens
� Progesterone

� Hypercortisolemia
� May contribute to polyuria/polydipsia in

patients with liver disease

Ammonia
� Conversion to urea

(periportal hepatocytes)
� Synthesis of glutamine

(centrilobular hepatocytes)

� HE
� Ammonium urate urolith formation
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increase in serum gastrin compared to controls; in fact, dogs with congenital porto-
systemic shunts (CPSS) had lower serum concentrations than controls.11

Gastrointestinal bleeding, which can be severe and life-threatening, is a complica-
tion in dogs with intrahepatic CPSS. Consequently, long-term proton pump inhibitor
therapy has been recommended for these patients.12,13 The cause of GI bleeding is
not known, and intriguingly, dogs with extrahepatic CPSS do not seem to be at high
risk. This bleeding is often noted around the time of shunt attenuation (either before
or after). Before shunt attenuation, portal hypertension should not be a contributing
factor. However, after attenuation, it could be. The author has endoscopically visual-
izedmultiple small bleeding gastric ulcers in dogs with intrahepatic CPSS before shunt
attenuation. Interestingly, these dogs did not have hypergastrinemia or gastric hyper-
acidity. Inflammatory or vascular changes of the GI mucosa have been hypothesized
to contribute.
Table 2
Clinical signs in 294 dogs with chronic hepatitis

Clinical Sign % of Dogs

Decreased appetite 61

Lethargy/depression 56

Icterus 34

Ascites 32

Polyuria/polydipsia 30

Vomiting 24

Diarrhea 20

HE 7

Melena 6

Webster CRL, Center SA, Cullen JM, et al. ACVIM consensus statement on the diagnosis and treat-
ment of chronic hepatitis in dogs. J Vet Intern Med. 2019; 33: 1173–1200. https://doi.org/10.1111/
jvim.15467.

https://doi.org/10.1111/jvim.15467
https://doi.org/10.1111/jvim.15467


Fig. 1. Esophageal varices in a dog. (A) Endoscopic view of esophageal varices in a dog. (B)
Postcontrast transverse CT image at the level of the caudal thorax and cranial abdomen in a
soft tissue window. The esophageal lumen is denoted by the white asterisk. Dilated anom-
alous vessels (white arrows) are present dorsal to and within the wall of the esophagus
consistent with paraesophageal and esophageal varices, respectively. The liver (black arrow-
head) is small, nodular, and severely irregular in margination which corresponded with
chronic hepatitis with fibrosis on histopathology. There is a large volume of peritoneal effu-
sion (black asterisk) secondary to portal hypertension. (Courtesy of [A] Dr Katie Tolbert,
Texas A&M University; and [B] Dr Christine Gremillion, Texas A&M University.)
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Although gastroduodenal ulceration/erosion is a potential complication of hepato-
biliary disease, its incidence, particularly in early disease, has not been accurately
determined. Additionally, as discussed above, hypergastrinemia, and possibly even
gastric hyperacidity, may not play a role. Consequently, the prophylactic use of gastric
acid-suppressing medications in dogs or cats with liver disease is not advised (aside
for dogs with intrahepatic CPSS). However, where GI bleeding is overt or is suspected
(eg, due to a decreasing hematocrit in the absence of other explanations), treatment
with a gastric acid-suppressing drug is indicated. Proton pump inhibitors are more
effective at increasing gastric pH than histamine-2 receptor antagonists. Proton
pump inhibitors are given twice daily to increase efficacy and reduce the time it takes
for effective acid suppression (eg, omeprazole or pantoprazole, 1 mg/kg PO every
12 hours). The efficacy of sucralfate (dogs: 500–1,000 mg PO every 8–12 hours;
cats: 250 mg PO every 8–12 hours) is less certain.14,15

In patients with liver disease that are actively vomiting or appear to be nauseated,
antiemetic therapy is indicated. Maropitant (dogs: 1 mg/kg SQ/IV q24 hours or 2
mg/kg PO q 24 hours; cats: 1 mg/kg SQ/IV q24 hours) and ondansetron (0.5 to 1
mg/kg IV/PO q12 hours) are common choices. These drugs have different mecha-
nisms of action and can be given concurrently to severely affected patients. Both
these medications are metabolized by the liver. Therefore, dose reduction can be
considered in patients with liver failure (the author has not observed any adverse ef-
fects when using full doses).
HEPATIC FIBROSIS

Fibrosis is the deposition of excess fibrous connective tissue in an organ or tissue.16

The development of hepatic fibrosis is an important event in the progression of liver
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disease and is a negative prognostic factor in chronic hepatitis.17–19 Extracellular ma-
trix deposition/remodeling is a dynamic process; if caught early enough, fibrosis is
potentially reversible.20 Fibrosis is a sequela of many causes of chronic liver injury,
including reactions to drugs and toxins (including copper), infectious diseases,
immune-mediated diseases, vascular diseases, and biliary obstruction.
An extracellular matrix is a noncellular web of proteins and other molecules that hold

tissues together. In health, there is a balance between matrix deposition and removal.
During fibrosis, there is an imbalance where the accumulation rate surpasses the
removal rate.16 Extracellular matrix consists of collagens, noncollagen glycoproteins,
matrix-bound growth factors, glycosaminoglycans, proteoglycans, and matricellular
proteins. In a fibrotic liver, there is a marked increase in collagen content.21

The extracellular matrix is produced by activated myofibroblast cells; activation of
these cells is the key step in developing fibrosis.16 In the liver, activated hepatic stellate
cells are believed to be themost important source of extracellular matrix.22 Portal fibro-
cytes and bone marrow-derived fibrocytes can also contribute. However, epithelial-
mesenchymal transition of cells is not believed to play a significant role.23 Abnormal
breakdown of the extracellular matrix is also important. Early during fibrosis, degrada-
tion of the hepatic matrix occurs at a normal rate,24 but later in the course of disease,
failure to degrade the excess extracellular matrix contributes to progression.25

Hepatic fibrosis can have significant consequences. Advanced-stage hepatic
fibrosis causes increased resistance to portal blood flow, thus contributing to portal
hypertension (see below). Also, as fibrosis progresses, functional hepatocytes are
replaced by fibrous tissue, potentially leading to hepatic synthetic failure.
Hepatic fibrosis is currently diagnosed and staged in dogs and cats by histological

assessment of a liver biopsy specimen.26 It is recommended that sections of the liver
be stained with picrosirius red or Masson’s trichrome (Fig. 2) to allow full assessment
of fibrosis.2,27 Ideally, the fibrosis stage is scored using a standardized system such as
that adapted from the Ishak grading scheme used in humans by the WSAVA Liver
Standardization Group.28 Assessment of fibrosis via histological assessment is sus-
ceptible to sampling error; therefore, multiple biopsy specimens from different liver
lobes should be assessed.29 Also, even using a standardized staging scheme, the
agreement between pathologists scoring the same section of the liver is suboptimal.30

There has been interest in developing noninvasive markers (blood, urine, or diagnostic
imaging-based) for hepatic fibrosis in dogs as these are utilized in human patients.
However, to date, the performance of these markers in dogs has been suboptimal
and they are not used routinely in clinical settings.31
Fig. 2. Hepatic fibrosis in a dog. Liver of a dog with chronic hepatitis stained with Masson’s
trichrome and showing peribiliary and bridging fibrosis. Connective tissue appears blue.
(Courtesy of Dr Joao Cavasin, Texas A&M University.)
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Currently, themainstay of treating hepatic fibrosis is to address the underlying cause
of chronic inflammation (eg, chelation therapy in a dogwith copper-associated chronic
hepatitis). Where it is not possible to treat the inciting, immunomodulatory therapy (eg,
with prednisolone or cyclosporine) may also achieve a resolution/reduction of inflam-
mation. The effect of immunomodulatory medication on hepatic fibrosis in dogs and
cats has not been well studied. In a retrospective study of 20 dogs with idiopathic
chronic hepatitis that were treated with prednisolone at a dosage of 1 mg/kg PO every
24hours for at least 6weeks, fibrosis resolved in 5dogs, improved in 4, andworsened in
5. Still, a statistically significant difference in fibrosis scoreswas not observed.32 Oxida-
tive stress occurs in various liver diseases and may contribute to fibrosis by activating
hepatic stellate cells.33 There is, therefore, a justification for the use of antioxidant com-
pounds, such asS-adenosylmethionine, vitamin E, or silymarin, althoughan antifibrotic
effect in dogs or cats has not been proven. Silymarinmay also reduce inflammation and
hepatic stellate cell DNA synthesis, proliferation, and migration.34 Hepatocyte
apoptotic bodies may activate hepatic stellate cells. Therefore, as ursodeoxycholic
acid has been shown to reduce hepatic apoptosis in rats,35 it may have antifibrotic
properties in dogs and cats.
There is considerable interest in the development of novel antifibrotic drugs in

humans. Candidates of particular interest include the nuclear factor kappa beta inhib-
itor pirfenidone36 and drugs that block the renin-angiotensin-aldosterone system.37
PORTAL HYPERTENSION

The portal circulation naturally has low pressure (approximately 6 mm –9 mm Hg in
dogs) but a high blood flow.38 Relatively small pressure increases are pathological.
Portal hypertension can develop due to increased resistance to blood flow and/or
increased blood flow (pressure 5 flow � resistance).
Portal hypertension is classified by its anatomical origin. Prehepatic portal hyperten-

sion involves pathology of the extrahepatic portal vein (eg, portal vein thrombosis). He-
patic portal hypertension involves an impediment to blood flow within microscopic
portal vein tributaries, sinusoids, or small hepatic veins of the liver and can subcate-
gorized as presinusoidal, sinusoidal, or postsinusoidal. Posthepatic portal hyperten-
sion is caused by obstruction at the levels of larger hepatic veins, posthepatic
caudal vena cava, right side of the heart, or pericardium.38,39 A variety of liver diseases
can lead to portal hypertension (Box 1).38

How these diseases cause portal hypertension is often multifactorial. For example,
the principal mechanism by which chronic hepatitis leads to sinusoidal hepatic portal
hypertension is that hepatic fibrosis leads to the development of increased intrahe-
patic resistance to blood flow. Hepatic stellate cell contractility, capillarization of he-
patic sinusoids, and increased vascular resistance due to nodular regeneration also
play significant roles.39 Additionally, dynamic obstruction due to increased portal
vascular tone and increased portal blood flow due to splanchnic artery dilation
contribute.38 Recent studies in dogs suggest that increased expression of the vasoac-
tive peptide endothelin40 and activation of the renin-angiotensin-aldosterone system41

contribute to the development of portal hypertension. Patients with late-stage liver fail-
ure may also have hemostatic abnormalities, including hypercoagulability.42 This can
lead to portal vein thrombosis, which can cause prehepatic portal hypertension.43

Portal hypertension can have several significant consequences. The increased hy-
drostatic pressure favors fluid movement from the vascular space with resultant asci-
tes (see below). As the portal pressure (prehepatic or hepatic) increases multiple
vestigial vessels, connecting the portal vasculature and caudal vena cava open.44 In



Box 1

Portal vein and hepatic diseases leading to protal hypertension

Prehepatic portal hypertension
� Portal vein thrombosis
� Portal vein atresia
� Portal vein stenosis
� Extraluminal compression of the portal vein (eg, due to neoplasia, abscess, granuloma)

Hepatic portal hypertension
� Presinusoidal

� Primary hypoplasia of the portal vein (with portal hypertension)
� Lymphocytic cholangitis (cats)
� Hepatic arteriovenous malformations
� Schistosomiasis (dogs)
� Ductal plate malformations

� Sinusoidal
� Chronic hepatitis/cirrhosis
� Chronic cholangiohepatitis
� Ductal plate malformations

� Postsinusoidal
� Veno-occlusive disease

Modified from Table 1, Buob S, Johnston AN, Webster CR. Portal hypertension: pathophysi-
ology, diagnosis, and treatment. J Vet Intern Med 2011;25:169–86.
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dogs and cats, these vessels are often of portocaval shunts. In dogs, they often empty
into the left renal vein.45 Angiogenic factors also play a role in their expansion.46 The
development of these acquired portosystemic collaterals (APSC; acquired portosys-
temic shunts) leads to ammonia dysmetabolism, which contributes to the develop-
ment of HE (see below).
In humans with portal hypertension, renal impairment due to decreased perfusion

(hepatorenal syndrome), spontaneous bacterial peritonitis, hypersplenism, hyponatre-
mia, and portal hypertensive gastropathy can also occur as sequelae.44 These condi-
tions have not been described (or have not been well described) in dogs or cats with
spontaneously occurring liver disease.
Although it is possible to diagnose portal hypertension in dogs by catheterizing the

splenic pulp or the portal vein, these invasive procedures are not routinely performed
in dogs and cats with liver disease (aside from those undergoing attenuation of a
CPSS).47 Therefore, a presumptive diagnosis of portal hypertension is usually made
based on a combination of detecting its consequences (ie, APSC or ascites) and/or
documenting changes in portal blood flow with abdominal doppler ultrasound or CT
angiography. Imaging findings consistent with portal hypertension include multiple
shunting vessels or reduced/reversed (hepatofugal) portal blood flow.8,45 A study in
dogs found that the ratio of the portal vein to aorta diameters measured with CT
may help predict portal hypertension.48

Clinical differentiation of the anatomic forms of portal hypertension is important. In
some cases, the history is very suggestive of the cause (eg, in a patient with acute
signs of portal hypertension after attenuation of a CPSS). Diagnostic imaging with ul-
trasound or CT-angiography can help identify portal vein disease. Echocardiography
can help rule out cardiac and pericardial causes. Thoracic and abdominal CT angiog-
raphy may help rule out obstruction of the large hepatic veins and the caudal vena
cava. Liver biopsy may be needed to diagnose hepatic causes.38

Treating the underlying cause of liver disease could lead to a decrease in portal
pressure and so should be attempted. However, dogs with portal hypertension often
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have advanced liver disease, so such an improvement is not guaranteed, even with
appropriate therapy. In humans, a variety of agents are used to pharmacologically
address portal hypertension (eg, beta-blockers or somatostatin analogs to induce
splanchnic vasoconstriction and statins or angiotensin receptor blockers to induce
sinusoidal vasodilation).38,49 However, these drugs have not been evaluated for the
treatment of portal hypertension in dogs to date. The finding that aldosterone and
renin are increased in dogs with chronic hepatitis is exciting as drugs that inhibit
the renin-angiotensin-aldosterone system (eg, spironolactone) may help treat portal
hypertension.

ASCITES

Ascitic fluid due to liver disease is classified as being a transudate. Increased hydro-
static pressure due to portal hypertension is the major contributing factor. The ascitic
fluid tends to be a low protein transudate if the portal hypertension is presinusoidal or
a high protein transudate if it is sinusoidal or postsinusoidal.50 Splanchnic vasodila-
tion and activation of the renin-angiotensin-aldosterone system due to decreased
circulating volume exacerbate this vascular hydrostatic pressure increase.38,41 Addi-
tionally, dogs and cats with advanced liver disease may have low serum albumin con-
centrations, leading to low oncotic pressure, which also contributes to the formation
of ascites. Ascites can affect the patient’s quality of life by leading to abdominal
discomfort, respiratory impairment, reduced cardiac output, and decreased appetite,
and in dogs with chronic hepatitis, is a poor prognostic indicator.51

Feeding a moderate sodium diet, such as a commercially available diet for dogs
with liver disease, is the first step in treating ascites due to liver disease. Sodium re-
striction in humans with cirrhosis is controversial as it can reduce the patient’s appe-
tite and activate the renin-angiotensin-aldosterone system.52 Diuretic therapy is often
needed. Furosemide can lead to hypokalemia and metabolic acidosis, both of which
can precipitate HE. The aldosterone receptor antagonist spironolactone, is therefore,
a better initial choice of diuretic.2 If 1 mg/kg PO q24 hours is ineffective, the dose may
be slowly increased to 2 mg/kg every 12 hours. If this is ineffective, furosemide is
added starting at a low dose of 1 mg/kg PO every 12 hours. The patient’s general con-
dition, hydration status, abdominal circumference, serum electrolytes, renal values,
and serum protein concentration should be carefully monitored during diuretic ther-
apy.53 The diuretics can often be tapered to effect once the ascites has resolved
and can sometimes discontinued. Occasionally, therapeutic abdominocentesis is
needed. Usually, only about 20%�50% of the ascites is removed at one time to
reduce the risk of circulatory collapse. Albumin infusions are often given in humans
if total volume paracentesis is performed. In dogs and cats, balanced crystalloid
replacement fluids are more accessible than albumin and should be considered
when performing therapeutic abdominocentesis. At a minimum, the patient should
be carefully monitored for signs of hypovolemia afterward.

HEPATIC ENCEPHALOPATHY

HE is “neurological dysfunction as a result of hepatic disease and/or portosystemic
shunting”.54 HE is a significant cause of morbidity in dogs and cats and clinical signs
can range in severity from mild manifestations, such as apathy and mental obtunda-
tion, to seizures, coma, and even death. Many human patients with liver disease
have covert HE, which lacks overt clinical signs and can be diagnosed via specific
psychometric tests.55 Covert HE cannot currently be detected in dogs or cats; there-
fore, the veterinary profession may underappreciate the burden of this syndrome.
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HE is divided into types according to etiology. Type A HE is due to acute liver failure
in the absence of preexisting liver disease. Type B HE is associated with portosyste-
mic shunting without intrinsic hepatocellular disease (eg, CPSS). Type C HE is asso-
ciated with chronic intrinsic liver disease with portal hypertension, and/or acquired
portosystemic shunting.56 Portosystemic shunting (congenital or acquired) is the lead-
ing cause of HE in dogs.57 Still, acute liver failure and urea enzyme cycle deficiencies
(congenital or acquired) can also be responsible for its development.
Ammonia is is central to the pathogenesis of HE. The main site of ammonia produc-

tion is the GI tract mainly because of bacterial degradation of urea and protein (pri-
marily in the large bowel) or glutamine metabolism by enterocytes (glutamine #
glutamate1ammonia).58 The liver is the principal site of ammonia detoxification via
conversion into urea in periportal hepatocytes or synthesizing glutamine (glutama-
te1ammonia # glutamine) in centrilobular hepatocytes.59 The kidneys excrete
urea and contain glutaminase and glutamine synthetase, and are therefore capable
of both the metabolism and synthesis of glutamine.60 Skeletal muscle is a major
source of glutamine synthetase, and so acts as an ammonia sink (this ammonia
may later be released from the glutamine).61 This explains why muscle-wasted pa-
tients are predisposed to HE.
Ammonia dysmetabolism resulting from portosystemic shunting or hepatic insuffi-

ciency exposes the cerebrum to increased ammonia concentrations leading to astro-
cyte swelling (Alzheimer type II astrocytosis).62 One theory for why this happens is that
glutamine generated in the astrocytes acts as an osmolyte. However, the amounts of
glutamine that accumulate in HE are not high enough to explain a significant fluid
influx, and so other mechanisms are also likely to play a role.63 For example, ammonia
can cause mitochondrial injury and inhibit the tricarboxylic acid cycle, leading to a
switch to anaerobic metabolism with subsequent oxidative stress. Ammonia can
also directly affect neurotransmission as glutamine released from the astrocytes is
metabolized by neurons releasing glutamate into the synaptic cleft. Glutamate is
one of the principal excitatory neurotransmitters.64 Other factors such as systemic
inflammation,65,66 manganese,67 oxidative stress, and various neurotoxins may play
important synergistic roles.68

Clinical signs are often initially subtle and intermittent but can progress in frequency
and intensity. They usually worsen in the postprandial state.54 In a retrospective study
of 118 dogs with HE, the most frequently recorded historical clinical signs were leth-
argy (27%), altered behavior (26%), obtundation (25%), ataxia (24%), seizures (22%),
head pressing (19%), ptyalism (19%), vomiting (18%), blindness (17%), circling (13%),
shaking or twitching (12%), and anorexia or hyporexia (11%).57 The diagnosis of HE in
dogs is made based on consistent clinical signs, exclusion of other causes, laboratory
testing, and response to treatment. While plasma ammonia concentration is corre-
lated with the severity of HE, it is a poor predictor of the severity of HE in an individual
patient. Patients with HE can also have plasma ammonia concentrations within the
reference interval.69 Additionally, meticulous sample handling is critical to avoid falsely
elevated ammonia measurements; samples must be collected on ice and analyzed
within 30 minutes. Therefore, clinicians should not overly rely on ammonia measure-
ment to diagnose HE or to monitor response to treatment.
Treat the underlying cause of HE whenever possible (eg, by attenuating a CPSS).

Although dogs with CPSS can be successfully medically managed for prolonged pe-
riods, their median survival is longer after surgery.70,71 Attenuation of APSC is contra-
indicated as it worsens portal hypertension.
It is also essential to identify and address any potential precipitating factors for HE

(Table 3).57,68 Intravenous fluid therapy can be very helpful to correct any fluid deficits



Table 3
Factors that may precipitate HE

Precipitating Factor Mechanism of Action

Sepsis Inflammatory mediators have a synergistic effect with
ammonia, increase blood-brain barrier permeability,
and lead to altered neurotransmission

Gastrointestinal hemorrhage Increased GI ammoniagenesis

Constipation Dehydration, electrolyte abnormalities, intestinal
dysbiosis, and bacterial translocation

Excess dietary protein Increased GI ammoniagenesis

Dehydration Electrolyte changes, increased renal ammoniagenesis

Drugs Sedative agents (eg, benzodiazepines, opioids) cause
depression in cerebral function

Diuretics (cause electrolyte imbalances, alkalosis,
and dehydration)

Hypokalemia Leads to movement of intracellular potassium into the
extracellular space, extracellular alkalosis, and trapping
of ammonium ions within cells

Hyponatremia Increased astrocyte swelling

Alkalosis Increased access of ammonia to neurons (due to a shift in
the equilibrium from ammonium ions to ammonia,
which can pass freely through cell membranes)

Uremia Increased renal ammoniagenesis

Superimposed hepatic injury Decreased hepatic conversion of ammonia to urea

Reproduced from Table 1, Lidbury JA, Cook AK, Steiner JM. Hepatic encephalopathy in dogs and
cats. J Vet Emerg Crit Care 2016;26:471–87; and Data from Lidbury JA, Ivanek R, Suchodolski JS,
et al. Putative precipitating factors for hepatic encephalopathy in dogs: 118 cases (1991-2014). J
Am VetMed Assoc 2015;247:176–83; and Lidbury JA, Cook AK, Steiner JM. Hepatic encephalopathy
in dogs and cats. J Vet Emerg Crit Care (San Antonio) 2016;26:471–87.
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and electrolyte derangements. In acutely/severely affected patients, warm water en-
emas to remove fecal contents and gastrointestinal hemorrhage can be given at a
dose of approximately 10 mL/kg every 4�6 hours until signs improve.72

Severe protein restriction is no longer recommended for dogs or cats with HE, as
this can lead to protein malnutrition. The resulting loss of muscle mass can exacerbate
postprandial increases in blood ammonia. Nonmeat protein-based diets (eg, soy
protein-based diets) are sometimes recommended for dogs with HE as these protein
sourcesmay be less ammoniagenic.73 Once the signs of HE are controlled with a com-
mercial hepatic support diet (Hill’s l/d or Royal Canin Hepatic Support), some clini-
cians add nonmeat protein (eg, cottage cheese) to the dog’s diet to help prevent
protein malnutrition. This supplemental protein should not exceed 10% of the pet’s
calorie intake to avoid unbalancing the diet. Alternatively, a soy protein-based hydro-
lyzed diet could be fed (eg, Purina HA Hydrolyzed Protein Vegetarian).
Lactulose is a nonabsorbable disaccharide that: traps ammonium ions within the

colon, leading to decreased absorption of ammonia into the portal circulation; inhibits
ammonia production by colonic bacteria; stimulates incorporation of ammonia within
bacterial proteins; reduces intestinal transit times, leading to decreased bacterial
ammonia release; and increases fecal excretion of nitrogenous compounds.74 Lactu-
lose can be given orally to patients with chronic HE. It is started at a dose of 1 mL to
3 mL per PO per 10 kg of body weight every 6 to 8 hours. The dose is then adjusted
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until the patient passes 3 to 4 soft stools daily.72 In patients with acute encephalo-
pathic crises, lactulose can also be given as a retention enema, in which case
cleansing water enemas should be administered first. The dose above is then used
diluted to 30% administered and retained for 30 minutes.72

Neomycin is a poorly absorbed aminoglycoside antibiotic that was previously used
to treat HE in dogs. The gastrointestinal absorption of neomycin is very low but may be
increased in patients with decreased gastrointestinal motility or bowel wall damage.
Substantial systemic absorption can cause ototoxicity and nephrotoxicity,75 and for
this reason, the author no longer recommends this drug. Metronidazole is another
antimicrobial that is used for the treatment of HE. Metronidazole is metabolized by
the liver, and at higher doses, can cause neurotoxicity, signs of which could be
confused with HE. Therefore, metronidazole should be given at a lower dose of
7.5 mg/kg PO every 8 to 12 hours in dogs and cats with HR.68 Ampicillin and amoxi-
cillin are effective and generally well tolerated when used treat HE. A study in dogs
with a CPSS suggested that patients may have a good clinical response to diet change
and lactulose alone and that the addition of metronidazole was not beneficial.76 There-
fore, once a patient with HE has been stabilized, withdrawal of the antibiotic can be
attempted.
HEMOSTATIC DISORDERS

The liver synthesizes thrombopoietin, nearly all the coagulant and anticoagulant fac-
tors, and the factors that regulate fibrinolysis. Additionally, it is responsible for the
clearance of many of these factors and vitamin K-dependent activation of factors II,
VII, IX, X, protein C, and protein S.77 Therefore, unsurprisingly, hemostasis is deranged
in patients with advanced liver disease. Patients with severe liver disease were tradi-
tionally believed to be at increased risk of bleeding, but this seldom happens sponta-
neously. Because both the coagulant and anticoagulant systems are affected,
patients with liver disease are often in an altered but balanced hemostatic state. How-
ever, this balance is more fragile than that of a healthy patient, and if it is disrupted,
bleeding or thrombosis can occur.78 The hemostatic abnormalities associated with
different kinds of canine and feline liver disease are summarized in Tables 4 and 5.
Spontaneous bleeding is rare in dogs and cats with liver disease, but it can occur in

late-stage disease, chronic disease, or acute liver failure andmay contribute to gastro-
intestinal hemorrhage. However, the risk of bleeding increases after invasive proced-
ures such as liver biopsy. Before performing liver biopsy or other procedures for which
hemorrhage is a concern, the patient’s bleeding risk should be assessed. This involves
performing a hematocrit and platelet count, measuring prothrombin time (PT) and acti-
vated partial thromboplastin time (aPTT), where possible, measuring fibrinogen con-
centrations, and possibly measuring buccal mucosal bleeding time. However, the
ability of PT and aPTT to predict bleeding during liver biopsy is controversial, but a
recent scoping review in humans suggested that PT (expressed as international
normalized ratio) was predictive.79 In companion animals, minor increases in PT or
aPTT do not mean the patient is at high risk of bleeding after biopsy. However, the
bleeding risk is considerable in cases with severe increases in either clotting time or
a severely decreased fibrinogen concentration.77 This usually occurs with very
advanced chronic hepatitis or acute liver failure. For high-risk patients, blood typing
before biopsy should performed, compatible blood products should be available,
and preprocedural fresh frozen plasma transfusion may be considered. Supplementa-
tion of vitamin K1 (0.5 mg/kg � 1.5 mg/kg every 12 hours for 3 doses) is advised in pa-
tients with cholestasis.80 Where excess hemorrhage does occur, replacement of



Table 4
Hemostatic testing abnormalities in dogs with liver disease

Acute Liver Disease Chronic Hepatitis Congenital Portosystemic Shunt Biliary Disease Neoplasia

YPlatelets (mild-moderate) YPlatelets (mild-moderate) YPlatelets (mild-moderate) [aPTT [Platelets with hepatocellular
carcinoma

YPT [PT YProtein C [Fibrinogen Hypercoagulable on TEG

[aPTT [aPTT YAntithrombin Hypercoagulable on TEG

YProtein C YFibrinogen [vWF

YAntithrombin YAntithrombin [FVIII

Hyperfibrinolytic Variable TEG findings
9/21 normocoagulable
7/21 hypercoagulable
5/21 hypocoagulable
5/21 hyperfibrinoloytic

Variable TEG findings
8/21 normocoagulable
2/21 hypercoagulable
11/21 hypocoagulable
8/21 hyperfibrinoloytic

Abbreviations: FVIII, factor VIII; TEG, thromboelastography; vWF, von Willebrand factor.
Modified from Table 3, Webster CR, Hemostatic disorders associated with hepatobiliary disease, Vet Clin North Am Small Anim Pract 2017;47:601–5; and Data

from Refs.42,77,88,89
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Table 5
Hemostatic testing abnormalities in cats with liver disease

Acute Liver Failure Cholangitis Hepatic Lipidosis Neoplasia

YPlatelets
(mild-moderate)

Vitamin K deficiency Vitamin K deficiency YFactor XIII

[PT [PT (&[PIVKA) [PT ([PIVKA)

[aPTT [aPTT [aPTT

YFactor XIII YFactor XIII

[Fibrinogen YFibrinogen

Variable findings on TEG
when vitamin K replete

[D-dimers

[Factor V

Variable findings on TEG
when vitamin K replete

Modified from Table 4, Webster CR, Hemostatic disorders associated with hepatobiliary disease,
Vet Clin North Am Small Anim Pract 2017;47:601-615; and Data from Refs.77,90,91
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soluble clotting factors can be attempted by the transfusion of fresh frozen plasma or
other blood products. Interestingly, in humans, the ability of standard doses of fresh
frown plasma to treat liver coagulopathy is questionable, while higher doses (6 or
more units) may be more effective but are rarely used.81,82 Stored blood products
contain ammonia, and therefore, may exacerbate HE.83 Also, volume expansion in pa-
tients with liver disease can exacerbate portal hypertension.81 For these reasons and
because of the risk of transfusion reactions, blood products are not typically recom-
mended to treat prolonged PT/aPTT or other laboratory changes in the absence of clin-
ical bleeding.77 Tranexamic acid84 or aminocaproic acid85 have been used to address
hyperfibrinolysis.
Portal vein thrombosis is a potential complication of liver disease in dogs and cats

that can contribute to portal hypertension (prehepatic). Glucocorticoid administration
may also be a risk factor. Sometimes, portal vein thrombosis is noted as an incidental
finding upon abdominal imaging. However, acute portal vein thrombosis is a serious
complication that is accompanied by ascites, abdominal pain, and thrombocyto-
penia.43,86 Anticoagulant therapy with heparin (fractionated or low molecular weight)
or a factor Xa inhibiting agent (eg, rivaroxaban) is reasonable in such patients.2,43,86

However, the optimal anticoagulant protocol is not currently known. Interestingly, pro-
phylactic use of low molecular weight heparin may be helpful in humans with cirrhosis,
but it has not been studied in dogs.87

CLINICS CARE POINTS
� Proton pump inhibitor therapy is recommended for dogs with an intrahepatic congenital
portosystemic shunt.

� Ascites due to liver disease is managed by feeding a moderate sodium diet, therapy with
spironolactone, and if needed, judicious use of furosemide.

� Long-term severe protein restriction can lead to protein malnutrition and is no longer
recommended for dogs or cats with HE.

� Neomycin is no longer recommended for the treatment of HE due to the risk of ototoxicity or
nephrotoxicity.
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Before performing a liver biopsy or other procedure for which hemorrhage is a concern, the
patient’s bleeding risk should be assessed.
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