
Nutrition and Disease

Nutritional Support for Dogs and Cats with Hepatobiliary Disease1
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ABSTRACT Nutritional intake in the patient with hepatobiliary disease provides the cornerstone of balanced
medical care. Optimal recommendations require consideration of general nutritional principles, special species
requirements and contemporary needs uniquely related to the patient9s medical problem. Although general
recommendations follow well-established guidelines developed to meet metabolic requirements for normal health,
there is little information regarding altered requirements in animals that are ill. Consequently, recommendations for
animals have been derived empirically from studies completed in humans, most work having been done in patients
with end stage cirrhosis or liver failure complicated by hepatic encephalopathy. This is problematic because most
veterinary patients with liver disease are not in hepatic failure and do not suffer from hepatic encephalopathy.
Iatrogenic malnutrition can develop in patients when protein-restricted diets are inappropriately recommended.
Insufficient energy intake and negative nitrogen balance can complicate a patient’s condition, impairing tissue
regeneration and recovery from disease. This paper reviews strategies that can be used to individualize nutritional
management in small companion animals with hepatobiliary disease. Consideration is given to both the known and
controversial issues regarding energy requirements, dietary energy distribution, vitamin and micronutrient supple-
mentation, the special requirements of the cat with hepatic lipidosis, as well as strategies effective for palliation of
hepatic encephalopathy. J. Nutr. 128: 2733S–2746S, 1998.
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The liver provides a myriad of biochemical, synthetic,
excretory and regulatory functions important to intermediary
metabolism. Consequently, effective treatment of hepatobili-
ary disease requires disease-directed interventions and ade-
quate nutritional intake. Because it is difficult to estimate the
degree of hepatic dysfunction, it has become common for
veterinary practitioners to assume the worst-case scenario,
treating each patient as if they needed protection from hepatic
encephalopathy (HE).2 This is inappropriate as the more com-
mon hepatobiliary disorders in dogs and cats (Table 1) are not
associated with hepatic failure or HE. Important consider-
ations relevant to nutritional support of the companion animal
with hepatobiliary disease are summarized in Table 2.

Humans with chronic liver disease commonly are malnour-
ished due to impaired dietary intake derived from nausea,
anorexia and inappropriate nutritional recommendations
(Kondrup et al. 1992, Merli et al. 1996). Nutritional deficien-
cies in cirrhosis and portal hypertension also develop because
of nutrient maldigestion and malassimilation (e.g. pancreatic
exocrine insufficiency or malabsorption of carbohydrates, fat
and certain vitamins) (Silk et al. 1991). Reduced fat assimi-

lation develops in dogs with surgically created portosystemic
shunts (LaFlamme et al. 1993) and has been clinically recog-
nized in cats with chronic cholangiohepatitis as well as ani-
mals with major bile duct occlusion. Fat malabsorption is
multifactorial in origin, involving reduced availability of en-
teric bile acids, abnormal bile acid deconjugation and mucosal
insufficiency secondary to edema, capillary injury and portal
hypertension.

As the central regulatory role of the liver in nutrient
metabolism declines, normally nonessential nutrients (synthe-
sized, activated or stored by the liver) can become essential.
Use of muscle glycogen and protein for energy reduces muscle
mass. Because ;50% of the body ammonia pool is temporarily
stored in skeletal muscle, tissue wasting potentiates hyperam-
monemia and HE (Lockwood et al. 1979). Consequently,
muscle mass preservation through provision of a positive ni-
trogen balance is an important goal in patients prone to HE.
Malnutrition and anorexia also promote hypoalbuminemia,
which can increase the access of protein-bound encephalo-
genic substances such as tryptophan and benzodiazepines to
the central nervous system (CNS). Negative protein and en-
ergy balance in cirrhotic humans has also been linked with
abnormal immune responses, sepsis and mortality (O’Keefe et
al. 1980).

CALCULATION OF ENERGY NEEDS

In humans with liver disease, energy requirements vary with
the type of disorder (Heymsfield et al. 1990, Schneeweiss et al.
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1990). There have been no comparable nutritional studies in
dogs and cats with spontaneous hepatobiliary disease. Patients
with acute inflammatory liver disease are more catabolic than
those with cirrhosis and have higher maintenance energy
requirements. Measurement of resting energy expenditures in
end-stage liver disease associated with ascites demonstrated a
mean 1.6-fold increase (1.1- to 2.0-fold range) when corrected
for lean muscle mass (Shanbhogue et al. 1987). Increased
protein turnover accounted for a substantial portion of the
increased metabolic rate. This “hypermetabolism” resembles
adaptations made in starvation. After a meal, there is in-
creased protein storage and, between meals, increased protein
degradation. The overall result is increased protein require-
ments for energy and nitrogen balance (Swart et al. 1988).
When humans with end-stage liver disease were fed diets
providing normal energy and protein intake, encephalopathic
signs were not induced because increased protein consumption
was accompanied by increased nitrogen retention. Because of
the deficient capacity for carbohydrate storage and shift to
protein utilization, frequent small meals are often prescribed to
augment nitrogen balance and carbohydrate availability. The
first consideration in diet formulation is an estimation of the
patient’s energy requirements. There are three levels of energy
requirement relevant to healthy and ill animals: basal meta-
bolic requirements, resting energy requirements and mainte-
nance energy requirements (MER). Controversy exists among
nutritionists regarding which formula(s) best predict baseline
energy needs of clinical patients. Although extrapolations
from human studies have been used to argue for application of
basal and resting energy requirements, these formulas may
underestimate maintenance needs. The safest course to follow
clinically is to use MER, calculated with the use of contem-
porary methods that provide generous energy intakes, as a
starting point (Earle and Smith 1991, Hill 1993).

Although the type and severity of liver disease influence
energy requirements, there is no absolute method by which
these concerns can be quantified. Patients with chronic he-
patic failure are considered empirically to be hypermetabolic.
Those with acute inflammatory or necrotizing hepatic injury
are considered to have increased protein and energy require-

ments for tissue repair. There are no guidelines for estimated
energy needs in dogs with vacuolar hepatopathies or cats with
hepatic lipidosis (HL) other than clinical experience, which
suggests that normal intakes are sufficient. Other variables
influencing MER, including stress, the level of physical activ-
ity, the presence of anorexia and preexisting malnourishment,
also should be considered. However, because adjustments in
energy intakes are made empirically, there are unavoidable
wide variations among recommendations. Each regimen there-
fore must be individually tailored to meet the circumstances of
an individual patient.

HOW MUCH PROTEIN?

Humans with hepatic insufficiency show both quantitative
and qualitative abnormalities in nitrogen metabolism. These
patients may be protein depleted while concurrently showing
signs of protein intolerance. Nitrogen balance is dependent on
requirements for essential and nonessential amino acids and
energy. Humans with severe hepatic insufficiency have normal
requirements for essential amino acids but an increased re-
quirement for nonessential amino acids. The majority of their
plasma amino acids are derived from endogenous protein
breakdown, which ranges between 5 (cirrhosis) and 12 (ful-
minant hepatic failure) times higher than levels derived from
normal dietary intake.

Healthy adult cats require three to five times more dietary
protein (;20–24% metabolizable energy) than adult dogs
(NRC 1986). Protein restriction for the feline patient with HE
should not exceed minimum values determined for cats with
chronic renal insufficiency ( 3.3–3.5 g/kg body weight of high
biologic value protein in a diet providing 70–80 kcal/(kg z d)
[293–335 3 103 J(kg z d)]. Protein intake must not be reduced
below this level because the cat is unable to conserve nitrogen
efficiently after protein restriction (Rogers et al. 1977).

Minimal maintenance protein requirements for healthy
dogs are estimated at 6–7% of metabolizable energy (NRC
1985). The minimum protein intake for healthy dogs is 1.25–
1.75 g/kg; for dogs with chronic renal insufficiency it is 2.0–2.2

TABLE 1

Common hepatobiliary diagnoses in dogs and cats

Dogs Cats

(Rarely associated with hepatic encephalopathy) (Rarely associated with overt hepatic encephalopathy)

Vacuolar hepatopathy
Chronic stress
Glucocorticoid therapy
Diabetes mellitus
Hepatocutaneous syndrome
Chronic illnesses

Gastrointestinal inflammation
Pancreatitis
Neoplasia: lymphosarcoma

other neoplasia
Chronic infections
Severe dental disease

Chronic active hepatitis
Major bile duct occlusion
Primary or metastatic neoplasia
Microvascular dysplasia
Least common: (Associated with hepatic encephalopathy)
Cirrhosis
Portosystemic vascular anomalies
Juvenile fibrosing liver disorders

Mild hepatic vacuolar change
Hepatic lipidosis syndrome

Primary or “idiopathic”
Secondary (many underlying non-hepatic diseases can be associated with hepatic

encephalopathy)
Cholangitis/Cholangiohepatitis

Associated conditions:
Pancreatitis
Inflammatory bowel disease

Major bile duct occlusion
Primary or metastatic neoplasia
Least common: (Associated with hepatic encephalopathy)
Biliary cirrhosis
Portosystemic vascular anomalies
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g/kg body weight of high biologic value protein in a diet
providing 70–110 kcal/(kg z d) [293–460 3 103 J/(kg z d)].

Diets formulated for chronic renal insufficiency have been
successfully used to palliate HE in both dogs and cats. How-
ever, these diets are not considered optimal for most other
liver patients. It is surmised that recovery from acute hepatic
necrosis or ischemic damage requires a higher protein intake to
maintain a positive nitrogen balance. Animals with chronic
hepatitis are similarly thought to require protein intake ex-
ceeding maintenance values. If energy and protein metabolism
of animals with cirrhosis resembles those of humans, these
patients also have increased protein requirements, possibly
two- or threefold minimal maintenance values (Elwyn 1987).
In animals demonstrating HE, dietary recommendations must
consider the balance between the amount of protein required
to achieve a positive nitrogen balance and the amount of
protein that produces adverse effects. Although clinically de-
termining a particular patient’s needs, protein tolerance can be
increased by adjunctive treatments, including orally adminis-
tered antibiotics (neomycin or metronidazole) and lactulose,
provision of non-meat protein sources and diet supplementa-
tion with soluble fiber.

Protein-restricted diets containing high concentrations of
lipids are inappropriate for recovery of most cats with HL
(Biourge et al. 1994). Clinically, these cats recover optimally
when consuming feline maintenance or high stress nutritional
formulas providing $4.0 g/kg protein (Center 1998). Restrict-
ed-protein diets also are inappropriate for most cats with

chronic cholangiohepatitis in which underlying inflammatory
bowel disease and pancreatitis are inordinately common. High
fat, protein-restricted diets also are ill advised in dogs with
vacuolar hepatopathies because these patients may have un-
derlying problems of lipid metabolism (e.g., schnauzers and
Shetland sheepdogs), pancreatitis, inflammatory bowel disease
or diabetes mellitus.

Similar to the situation in humans, it is likely that protein
deficiency occurs in veterinary patients with liver disease as a
consequence of decreased dietary intake derived from anorexia
or inappropriate nutritional restrictions. Particularly at risk are
patients with active necroinflammatory disorders and, possibly,
those treated with glucocorticoids. In the absence of HE,
efforts should be made to provide normal dietary intake in
patients with chronic stable liver disease. Those with severe
liver dysfunction and HE require dietary modification and
protein restrictions. Because no single measurement is avail-
able for clinical identification of malnutrition, estimation of
protein-energy malnutrition is based on sequential objective
assessments including weight changes (unintentional weight
reduction), serum concentrations of proteins produced by the
liver (albumin, a-globulins, fibronectin, fibrinogen), body
condition estimation and the serum creatinine concentration
(Heymsfield 1983).

IMPORTANCE OF PROTEIN SOURCES IN
HEPATIC ENCEPHALOPATHY

Diminished portal venous perfusion or critically reduced
hepatic mass permits encephalogenic material derived from
the gut, diet or endogenous metabolism to spill into the
systemic circulation. Subsequent exposure to the blood-brain
barrier allows access to the CNS. Although HE is believed to
be multifactorial, it is well established that nutritional intake
precipitates its expression and that palliation is achieved with
therapeutic agents acting within the gut (Mullen and Weber
1991). It has long been clear that feeding a meat-based diet to
dogs with experimentally created Eck fistulas produces HE. It
is currently believed that vegetable or dairy protein performs
better than meat, fish, or egg protein sources in humans
susceptible to HE (Bianchi et al. 1993, Uribe 1989 and 1990).
Changing a meat-based diet to a vegetable or dairy protein
base yields better results than overall protein restriction in
controlling subclinical HE and maintaining body condition.
There is clinical and experimental evidence that similar nu-
tritional manipulations may be beneficial in dogs with HE
(Table 3).

Although a variety of toxins have been characterized in
HE, the most common unifying factor is nitrogen, which is
normally metabolized to ammonia and detoxified in the he-
patic urea cycle. Ingestion of a meat-based high protein diet,
gastrointestinal bleeding and azotemia are clearly the most
common causes of HE in animals with severe liver disease or
portosystemic shunting. Certain amino acids that are deami-
nated or deamidated in their metabolism are more ammonio-
genic than amino acids that are transaminated (Rudman et al.
1970). Nevertheless, feeding diets restricted in these ammo-
niogenic amino acids will not block development of HE.
Methionine, a sulfur-containing amino acid metabolized by
gut bacteria and hepatocytes to a series of products termed
mercaptans (dimethylsulfide, methanethiol and ethanethiol),
is also implicated as an encephalopathic factor. However, its
dietary restriction will not curtail development of HE. It has
long been recognized that the molar ratio between the
branched-chain amino acids (BCAA) and the aromatic amino
acids (AAA) is abnormal in HE (Center 1996a). The AAA,

TABLE 2

Considerations essential for nutritional support of patients
with hepatobiliary disease

1) Provision of adequate energy
2) Provision of adequate protein: AVOID negative nitrogen balance

Appropriate amount and quality for the type of hepatic disease
Avoid inappropriate dietary protein restriction
Individually optimize nitrogen balance

Reassess patient’s body condition: Weight, muscle mass,
coat, behavior, activity level

Measure: serum albumin, creatinine, a-globulins, plasma
fibrinogen

3) Provision of essential nutrient components
Essential amino acids, fatty acids
Micronutrients: e.g., zinc, L-carnitine
Water-soluble vitamins, vitamin K, vitamin E

4) High diet palatability
5) Ease of diet preparation

Encourage client compliance
6) Frequent feedings

Maximize energy intake
Optimize nutrient assimilation
Prolong postprandial digestive interval

7) If ascites/edema
Sodium restriction
Adjunctive treatments: diuretics (spironolactone and furosemide)

8) Adjunctive treatments
Increase protein tolerance: lactulose, metronidazole, neomycin,

dietary fiber
Control complicating conditions: enteric parasitism, infections,

ulceration
Control underlying liver disease

Biopsy to attain definitive diagnosis
Definitive treatments:

Antiinflammatory drugs
Immunomodulators
Antifibrotic drugs
Antimicrobials
Ursodeoxycholic acid
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tyrosine (Tyr), phenylalanine (Phe) and tryptophan (Try)
serve as substrates for amine synthesis in the brain and lead to
the formation of encephalogenic “false neurotransmitters.”
The AAA increase in patients with hepatic insufficiency as a
result of their dependency on hepatic extraction and metab-
olism. The BCAA, leucine (Leu), valine (Val) and isoleucine
(Ile) serve as peripheral energy substrates and subsequently are
maintained at low plasma concentrations. Although the
AAA:BCAA ratio (Tyr 1 Phe/Leu 1 Val 1 Ile) exceeds 3 in
patients with HE, this ratio also persists in the absence of HE,
suggesting that it may be an epiphenomenon attributable to
increased endogenous protein breakdown and reduced hepatic
clearance/metabolism of AAA. Because BCAA are gluconeo-
genic, their increased utilization is aggravated by insufficient
dietary intake of carbohydrates and energy. Together these
circumstances increase the potential for AAA to access the
blood-brain barrier because both AAA and BCAA share a
common transporter.

Different proteins have variable potency in their influence
on blood ammonia and plasma amino acid concentrations.
Proteins containing heme groups are particularly implicated as
encephalogenic. Diets containing dairy- and vegetable-quality
protein are less encephalogenic and produce lower blood am-
monia concentrations in humans and dogs with hepatic insuf-
ficiency compared with meat-based diets (Table 3) (Bessman

et al. 1958, Rudman et al. 1970 and 1973). However, collec-
tive consideration of amino acid profiles, methionine concen-
trations and BCAA:AAA of these diets cannot predict their
encephalogenic potential. For example, the BCAA and AAA
content of a beneficial soy protein–based diet resembles that of
encephalogenic meat-based diets (Hickman et al. 1992). Be-
cause similar benefits are achieved with diets having protein
derived from dairy and vegetable sources, factors thought to be
important likely involve dietary carbohydrate components.
This specifically involves fermentable carbohydrates in each
diet, i.e., fiber in the vegetable-based diet and lactose in the
dairy-based diet.

Vegetable sources of protein successful in humans prone to
HE include soy and amaranth. Soy protein (purified soy meal,
tofu) has been used in many dogs with hepatic insufficiency
and is well tolerated. However, soy protein has some important
shortcomings as a major protein source (Kendall and Holme
1982, O9Donnell et al. 1981). Specifically, it is deficient in
methionine; it substantially reduces enteric taurine availability
and has relatively low digestibility unless highly processed.
Digestibility of tofu ranges between 50 and 60% and soy
protein meal between 76 and ,90% (Huber et al. 1994,
Neirinck et al. 1991). Low digestibility of some extracts is
attributed to plant fiber or carbohydrate moieties having low
gut degradation and to induced alterations in enteric bacterial

TABLE 3

Diets investigated in humans, dogs and rodents with portosystemic shunting: protein source, energy distribution (estimated) and
clinical effects

Reference model
Primary

components Diet protein

Energy distribution

Clinical effectsProtein Fat Carbohydrate

g/kg body weight %

Bianchi et al. 1993 Meat NA 21 43 36 Induced hepatic encephalopathy (HE)
Human end-stage liver disease Casein NA 26 30 44 Better neurologic status

Uribe et al. 1982
Human end-stage liver disease Meat 40 g NA 11 32 58 8.3 g fiber; induced HE

Vegetable 40 g NA 11 19 70 15.7 g fiber; better neurologic status
Vegetable 80 g NA 21 25 54 13.9 g fiber; better neurologic status

Thompson et al. 1986 Meat 3.4 27 53 19 Induced HE

Dog Eck fistula Soy/Casein1 1.6 13 50 37
Better neurologic status and weight

maintenance

Laflamme et al. 1993 Soy meal 1 BCCA2 1.8 14 9 78
Too low in available protein, weight

loss

Dog Eck fistula Soy mean 1 AAA 1.5 12 8 80
Too low in available protein, weight

loss

Soy meal 1 BCCA 3.6 29 8 63
Few adverse effects, weight

maintenance

Soy meal 1 AAA 3.5 28 8 64
No adverse effects, weight

maintenance

Condon 1971 Meat 4.6 34 49 17 Induced HE
Dog Eck fistula Casein 2.5 20 16 64 Better neurologic status

Fish 6.1 49 23 29
Induced HE, less noxious compared

to meat

Strombeck et al. 1983 Dairy/Wheat germ 1.4 11 46 44
Effective in clinical patients with HE

long term
Dog clinical patients Dairy 0.9 7 42 51 For short term use only

Schaeffer et al. 1986
Dog Eck fistula Soy isolate 2.0 16 54 30

Effective in clinical patients long
term; lowers albumin after 18 wks,
possibly due to low protein intake

Proia et al. 1984 Meat NA 28 60 12 Induced HE
Rat Eck fistula Casein NA 23 64 13 Better neurologic status

1 Isocal, Mead John Nutritionals, Evansville, IN.
2 BCAA, branched chain amino acids; AAA, aromatic amino acids; NA, not available.
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