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ABSTRACT

Hepatic disease is usual in large animals. Increaseserum hepatic enzymes and total bile acid eomation may
indicate hepatic dysfunction, insult, disease,adlufe. While liver disease is particularlyusualfioals, progression

to liver failure isn't.Diseases that frequently uéisin hepatic failure in horses include Theiledsease, Tyzzer's
disease, pyrrolizidine alkaloid toxicosis, hepatiipidosis, suppurative cholangitis or cholangiohéps,
cholelithiasis, and chronic active hepatitis. Olbstive disorders, aflatoxicosis, leukoencephalomialapancreatic
disease, kleingrass or alsike clover poisoning,t@ocaval shunts, hepatic abscess, and perinatapdsvirus 1
infections sporadically result in hepatic failureess frequently, hepatic failure is relatedby eondemia, steroid
administration, inhalant anesthesia, systemic gtamatous disease, and drug-induced amyloidosis,
hyperammonemia in Morgan foals, parasite damagm foxicity, or following neonatal isoerythrolysis.
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INTRODUCTION

Hepatic disease is usual in large animals. Inceeasserum hepatic enzymes and total bile acid egtnation may
indicate hepatic dysfunction, insult, disease,ailufe. While liver disease is particularlyusualfaals, progression

to liver failure isn't.Diseases that frequentlyulesn hepatic failure in horses include Theilatisease, Tyzzer's
disease, pyrrolizidine alkaloid toxicosis, hepafipidosis, suppurative cholangitis or cholangiohéE
cholelithiasis, and chronic active hepatitis. Obstive disorders, aflatoxicosis, leukoencephalogialapancreatic
disease, kleingrass or alsike clover poisoningtgbaraval shunts, hepatic abscess, and perinatpe$é@rus 1
infections sporadically result in hepatic failuteess frequently, hepatic failure is relatedby epdemmia, steroid
administration, inhalant anesthesia, systemic dommatous disease, and drug-induced amyloidosis,
hyperammonemia in Morgan foals, parasite damagetaxicity, or following neonatal isoerythrolysaq].

In ruminant animals, hepatobiliary disease is eglhy hepatic lipidosis, hepatic abscesses, endwoiaxe
pyrrolizidine alkaloid and other plant toxicosesrtain clostridial diseases, liver flukes, mycotmsis, and mineral
toxicosis or deficiency. Vitamin E or selenium @&fncy, aflatoxicosis, ascarid migration, bactehiapatitis, and
ingestion of toxic substances are relatedby hepi#inage in swine.Thus, the exact incidence of lepaease in
camelids is unknown; it appears to be usual in IN&mnerica. Hepatic lipidosis is reportedly the mastal liver
disease in llamas and alpacas, occurring in cmasaalults. Bacterial cholangiohepatitis, adenovirgpatitis and
pneumonia, fungal hepatitis, toxic hepatopathypth@ne-induced hepatic necrosis, hepatic neoplasid, liver
fluke infestation have also been indicating in chase The liver can respond to insult in only aited many of
ways. Fat droplets in the liver may be early andaliseversible divers. Biliary hyperplasia is atswersible if the
insult is removed early. Necrosis of hepatocyteicetes more recent damage. The dead cells areveshwith an
inflammatory process and replaced by new hepatscyte fibrosis. Unless the dysfunction is severe and
hepatocellular regeneration is evident, prognasighimals by liver failure is commonly unfavoraligarly hepatic
fibrosis may be reversible by prompt recognitiord antervention. Chronic disease by extensive Idshepatic
parenchyma and fibrosis, particularlyby portal biidy, warrants a poor prognosis [11, 24].
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Clinical Findings

Clinical symptoms of hepatic disease may not bdenti until >60-80% of the liver parenchyma is nocfional or
when hepatic dysfunction is secondary to diseasaniother organ system. Clinical symptoms may varythe
course of the disease, primary site of damage pedific etiology. Onset of symptoms of hepatic gradopathy
and liver failure is commonlysevere regardless bétler the hepatic disease process is severe amichClinical
symptoms and acute of hepatic pathology reflectdbgree of compromise of one or more of the liveital
functions, including blood glucose regulation; faétabolism; production of clotting factors, albumiibrinogen,
nonessential amino acids, and plasma proteins;fdritaation and excretion; bilirubin and cholestemwtabolism;
conversion of ammonia to urea; polypeptide and oglerhormone metabolism; synthesis of 25-
hydroxycholecalciferol; and metabolism and detaxsifion of many drugs and toxins [3, 17 and 19].

Icterus, weight loss, or abnormal behavior isusuddorses by liver disease and hepatic failure. Gy8ptoms are
usual the initial and predominant symptom in hoisgsevere hepatic failure, therefore weight losa ominent
symptom in most but not all horses by chronic ligesease and failure.Photosensitization and, Iesally, bilateral
pharyngeal paralysis, causing inspiratory striddiarrhea, or constipation, may be present. Affectedtle

commonly show inappetence, less milk productiod wmeight loss. Ascites are seen in cattle but tswmal in

affected horses. Weight loss the only symptom eelay liver abscesses. Icterus, thus most pronouwbeth the
biliary system is diseased, is also usual in holsesicute liver failure. It's more variably presémthorses by
chronic liver failure or in ruminant animals. Fastihyperbilirubinemia is a more usual cause ofritén horses
and isn'trelatedby hepatic disease. Occasionabysigtent hyperbilirubinemiamay be seen in healtioyses,
without document of hemolysis or hepatic diseaseuiminant animals, icterus is more usually dukemolysis and
primarily involves increases in indirect bilirubja5, 34]. Hyperbilirubinemia caused obstructivaasy conditions
is rare in sheep [9].

Hepatic encephalopathy is relatedby behavioral rdevén horses and ruminant animals. The acute phthe
encephalopathy often reflects the degree of hefatioe but doesn't differentiate between sevarity chronic liver
failure. symptoms of hepatic encephalopathy fromspecific depression and lethargy to head pressinging,
aimless walking, dysphagia, ataxia, dysmetria, ipenst yawning, pica, increased friendliness, aggjueness,
stupor, seizures, or coma. Pharyngeal or laryngakdpse by loud, stertorous inspiratory noises@yspnea occurs
in some cases of hepatic failure, particularly onies [1, 30]. The pathogenesis of hepatic encephtthy is
unknown, but proposed theories include ammonia asuaotoxin, alterations in monoamine neurotransiois or
catecholamine neurotransmitters, imbalance betvarematic and short branch chain amino acids resylin
increased inhibitory neurotransmitters, neuroirtfobi due to increased cerebral levels of endogenous
benzodiazepine-like substances, increased perntgabfl the blood-brain barrier, and impaired CNSergy
metabolism. Thus, the symptoms can be dramaticatleepncephalopathy is reversible if the underlyirgpatic
disease can be resolved.

Photosensitization may be seen bysevere or chréivar failure must be differentiated from primary
photosensitization. Hepatogenous photosensitizatiemelops when compromised hepatic function resints
phylloerythrin, a photodynamic metabolite of chiphgll, entering the skin. Phylloerythrin in the skieacts by
ultraviolet light and releases energy, causingamfination and skin injury. Symptoms of photoserdiin are
varied but include uneasiness, pain, and prurititd to acutedermatitis by erythema, extensive stdreeous
edema, and skin ulceration, sloughing of skin leyifaation, photophobia, and corneal cloudiness ni2gitis and
edema are speciallydocument on non-pigmented,-tigltred or hairless zoon of the body and surfagmesed to
sun. Mucocutaneous junctions and patches of by drairthe most usuallocations of photosensitizaiionattle.
Occasionally, the underside of the tongue may feetsd. Blindness, pyoderma, loss of condition, acchsionally
death are possible sequelae. Pruritus may resuit ffhotosensitization or from deposition of bilétsa the skin
secondary to alterations in hepatic excretion [12].

Diarrhea may be seen in animals with hepatic deseBgarrhea is more usually seen in cattle thahdrses by
chronic liver disease or in ruminant animals byocic fascioliasis and hepatotoxic plant poisonirgsnies and
horses by hyperlipemia and hepatic failure may higveliarrhea, laminitis, and ventral edema. Sommaimant
animals by liver disease have alternating diarrfaeal constipation. Horses by liver failure and hiepat
encephalopathy frequently develop colonic impactioa to decreased water intake [22].

Recurrent colic, intermittent fever, icterus, waigbss, and hepatic encephalopathy may be seenoigse$
bycholeliths that obstruct the usual bile ductetttious or inflammatory hepatic disease or failofehe liver to
prevent endotoxin from gaining access to the syistainculation may also result in intermittent fevand colic.
Abdominal pain, due to pressure on the liver capfum parenchymal swelling, often is seen in rianiranimals
by acute diffuse hepatitis or trauma to the cap#iskdf. Affected ruminant animals stand by an axtlback, are
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reluctant to move, or show symptoms of colic. Immant animals, pain may be localized to the livgmpalpation
over the anterior ventrolateralsides of the abdoorethe last few ribs on the right side. Tenesnuleded with
rectal prolapse is seen in some ruminant animalsliv®yr disease. It may be relatedby diarrhea, hepat
encephalopathy, or edema of the bowel from postpéttension [5].

Hypoalbuminemia isn't as frequently relatedby lidésease in horses as previously thought. Duedadahg half-

life and liver acute for albumin production, hypmaiinemia is commonly a very late event in the aligeprocess.
Serum total protein concentrations may be normahoreased because of an increasg-giobulins in horses by
liver disease. Hypoalbuminemia and hypoproteinemdest usually develop in chronic liver disease, #rey are
usual findings in llamas by liver disease. Geneealiascites or dependent edema may result. Assitetated to
portal hypertension caused with venous blockageimaréased hydrostatic pressure and to proteiralgaknto the
peritoneal cavity. The abdominal fluid present biyel disease commonly is a improve transudate.
Hypoalbuminemia can aggravate the ascites, btitdfseen alone, it more likely will cause intermiular, brisket,

or ventral edema. Ascites is difficult to appreeiat horses and adult cattle unless it is extengigeites is a usual
finding in calves by liver cirrhosis [18, 20].

Anemia may be seen in ruminant animals by liverfulystion due to parasitic diseases, chronic coppscity,
some plant poisonings, and chronic inflammatoryea$®. Anemia in severefasciolosis results from reeve
hemorrhage into the peritoneal cavity as the lapa®etrate the liver capsule. Trauma and feeditigitgcof adult
flukes into the bile tube cause anemia and hypepremia in ruminant animals by chronic fasciologifironic
inflammatory disease may cause anemia without apaoging hypoproteinemia [2].

Clinical symptoms of acute or terminal hepatic dedl include coagulopathies and hemorrhage due ¢edsed
production of clotting factors with the liver andgsibly increased using in septic or inflammatorgcgsses. A
prolonged prothrombin time is commonly seen firstduse factor VII has the shortest plasma halftiferses may
develop a terminal hemolytic crisis caused withréased RBC fragility. This hasn't been indicateduminant
animals [13].

Fecal color rarely divers in mature herbivoresibgrl disease. In young ruminants and monogasthiglestasis may
result in lighter color feces being passed becafif@ss of stercobilin, a metabolite of bilirubinver disease should
almost be considered when nonspecific clinical pmgs, such as depression, weight loss, intermiferdr, and
recurrent colic, are present without an apparensed10]. Differentiation between severe and cludwipatitis and
failure based on the duration of clinical symptob&fore presentation may be misleading, becausalifease
process is often advanced before clinical symptarasvident. Early vague symptoms of depressiordecceased
appetite may be overlooked. Liver biopsy to detaarthe type of pathology, degree of hepatic filrgsesent, and
the regenerative capabilities of the liver paremehyis mandatory for developing a treatment plan ginihg an
accurate prognosis.

Laboratory Analyses

Laboratory tests often detect liver disease orwdydtfon before hepatic failure occurs. Routine bamical tests as
serum enzyme concentrations are sensitive indgabbrliver disease, but they don't assess hepatictibn.
Dynamic biochemical tests that assess hepaticasiearprovide quantitative information regardingdtepfunction.
Experiments of hepatic function is useful diagroatid prognostic devise and provide a guide fomtbdification
of drug-dosing regimens [7, 15 and 37].

Serum Enzyme Concentrations

Serum concentrations of liver-specific enzymes gererally higher in severe liver disease than iromic liver

disease. They may be within normal limits in thiedatages of sub-acute or chronic hepatic disddsemagnitude
of increases in hepatic enzymes shouldn't be edilip determine prognosis. Hepatic enzymes are tosgetermine
the presence of disease not degree of hepaticribtgfn. Careful interpretation of laboratory valuesonjunction
by clinical findings is mandatory [4].

Sequential measurements of sergiglutamyltranspeptidase or transferase, sorbitbydeogenase, AST, bilirubin,
and bile acids are usually used to assess hepatfiarettion and disease in large animals. Serum Ga@ifybin and
total bile acid concentrations, and sulfobromoplaiinaclearance aren't sensitive indicators of lidisease in calves.
Therefore GGT is primarily relatedby microsomal niigames in the biliary epithelium, its present ia tanalicular
surfaces of the hepatocytes, pancreas, kidneysudaer. Due to urinary and milk excretion of GGT aarity of
pancreatitis in large animals, increased serum @@icentrations most usually indicate bile tubeieridisease.
Some consider GGT to be the symptoms test of higleesitivity for liver disease in mature largeraais. Increase
of GGT is most pronounced byobstructive biliaryedise. In acute hepatic disease in horses, GGT aminge to

126
Scholars Research Library



S. Masoud Davoudi Euro J Zool Res, 2013, 2 (4):124-132

increase for 7-14 days despite clinicalimprovenaamt return toward normal of other laboratory teResportedly,
serum GGT concentrations become elevated withawedays of liver injured and remain elevated uhg! terminal
phase. Chronic hepatic fibrosis is the only livesedse in which an abnormal increase in GGT migbhen'seen.
Neonatal young horses, particularly those in trajnimay show a nonspecific increase in GGT thdtrédatedby
liver disease or other increases in liver enzymesesum bile acid concentration. GGT is of littlalue in
diagnosing liver disease in neonatal calves or fabdrause it's present in colostrum and milk. G&ivity may
also be increased by colonic displacement or adination of drugs. Some liver-derived enzymes aghdr in
young calves and foals because they are transieletyated or come from sources other than the.lserum levels
of hepatic enzymes vary in goats by age, breed sandReference ranges must be almost for theespacid age
group being evaluated.SDH, arginase, ornithine aradyltransferase (OCT), AST, isoenzyme 5 lactate
dehydrogenase (LDH-5), glutamate dehydrogenase {@L&nd AP are also used to assess hepatic dysforentd
disease. Arginase, SDH, and OCT are liver-spegfizymes in horses, most ruminant animals. SDH istmo
predictive for active hepatocellular disease, byk®ad increases in enzyme activity after hepatotzgllinjured.
Mild increases in SDH can also occur by obstruc®desions, endotoxemia, and anoxia from shoclteaanemia,
hyperthermia, and anesthesia. Because of theit khlfflives, SDH and LDH-5 are useful in assessigplution or
progression of liver insult. Both enzymes commordyurn to near-normal values 4 days after liveulinsand
neither is usually increased in chronic liver digeaRarely, in severe cases of hepatic failure, $fzty return to
normal in spite of a fatal outcome. Arginase andDBlLare considered specific for severe liver diseaseause
both have high tissue concentrations in the lived ahort half-lives in the blood. AST is highly &efor liver
disease but lacks specificity because high conagars come from liver and skeletal muscle. Oth&iT Asources
include cardiac muscle, erythrocytes, intestindlscand the kidneys. When CK is simultaneously soeed to rule
out muscle disease and the serum isn'themolyzedgases in AST and LDH-5 are caused with hepatdaell
disease. AST may remain increased 10-14 days o aftar an acute, transient insult to the liverTA&lues are
often normal in chronic hepatic disease. SDH and Aty be markedly increased by intrahepatic chasstand
mildly increased by extrahepatic cholestasis. lases in AP and GGT are relatedby irritation or rdesibn of
biliary epithelium and biliary obstruction. AP cosmnom the placenta, bone, macrophages, intestipigthelium,
and liver. AP is increased in very young calveganse of the placental or bone source. In calveslegels up to
1,000 IU/L at birth and 500 IU/L at several weeksge are considered normal. In calves (<6 wk aidje of the
usual tests (bilirubin, GGT, GLDH, AP, LDH, AST, atanine transaminase) for liver injured or functiare
clinically useful for detection of hepatic diseashen used alone. AST and GLDH are the most seasitfvthe
enzymes for hepatic damage, but AST also increbgesiuscle injured. AST levels in foals may be eteda
compared by values of acute for many months. TlEsagion is also likely associated to muscle depeient.
Transient and mild increases in SDH activity maybted in some foals <2mo old [13, 32].

Serum Total Bile Acid Concentration

Serum concentration of bile acids is highly specféir liver dysfunction but doesn't define the typfeinsult or
disease present. Serum bile acid concentratiomsadse by hepatocellular injured, cholestasis, antshfrom the
portal system to the vena cava. Elevations areelsighy biliary obstruction and portosystemic shuSerum bile
acid concentrations increase early in liver diseask often remain elevated through the later stéigéa bile acid
concentration remains increased in horses by obrlivgr disease. In horses, there is no diurnalatian, no
postprandial rise, and no significant hour-to-hemariation in bile acid concentrations. Serum tdide acid
concentration in most healthy horses is sfibl/L. Concentrations of serum or plasma bile aci#l® umol/L have

a high sensitivity and positive predictive value fietermining liver disease in horses but not iminant animals.
While bile acid concentrations >30mol/L can be an early predictor of liver failuregution must be used in
interpretation of mild elevations because bile ac@hcentrations up to 2@mol/L may be seen in horses by
anorexia. Prolonged, but not short-term, fastingy nt@use increased serum bile acid concentrations in
horses.Interpretation of total bile acid concemtrat is difficult in foals <1 wk old. Compared blyose in healthy
mature horses, serum bile acid concentrations attthefoals are considerably greater during thet fir wk of life.
When measuring serum bile acid concentrationsadk feials, it'sespecially important to have healtlge-matched
controls or age-dependent clinical pathology valieeseference.In dairycattle, serum bile acid nbeasent is of
little value in recognizing fatty liver or liver sltase or failure because of significant hour-torha@riations. In
recently freshened cows, serum total bile acid eotrations are significantly higher than in cowanid-lactation
or in 6-mo-old heifers.Total bile acid concentratimay be the best single test for hepatic diseaselves. In
calves, concentrations >3Bnol/L may indicate liver disease, bile obstruction,a portosystemic shunt.Reported
reference intervals for serum concentration of bibéds are 1.1-22.@mol/L for llamas >1 yr old and 1.8-49.8
umol/L for llamas <1 yr old. Bile acid concentratioim individual llamas may vary with feeding or gaing time
of day, remaining within the reference interval [35].
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Serum Bile Pigments

Evaluation of serum bilirubin concentration is usebr determining hepatic dysfunction in horsesl anminant
animals. Increases in bilirubin result from hemidysiepatocellular disease, cholestasis, or plogiolcauses.
Anorexia in horses causes a physiologic increadeta serum bilirubin to usually <6-8 mg/dL andelg as high
as 10.5-12 mg/dL. The indirect bilirubin increagego 3-fold, thus the direct bilirubin remainsadrthe reference
range. In foals, indirect more than direct bilinubinay be increased by prematurity, neonatal isbewlsis,
septicemia, or a portocaval shunt. Enteritis, uitdlilinfection, intestinal obstruction, and certairugs may also
cause hyperbilirubinemia. Mild, transient physiatobyperbilirubinemia and icterus may be seen iwlan foals
and calves. Although the mechanism(s) isn't fullyokn, proposed causes include pre-birth “loading of
hepatocytes,” naturally high RBC destruction atawound birth, inefficiency in bilirubinexcretion,r dower
hepatocellular ligandin concentrations in neonédals compared to mature horses. In healthy catshr old,
total bilirubin may be as high as 1.5 mg/dL and top0.8 mg/dL in 1-wk-old calves. Direct bilirubirs i
commonly<0.3 mg/dL in calves. In healthy foals @&ys old), total bilirubin concentrations may rarfigem 0.9—
4.5 mg/dL, by most beingunconjugated bilirubin (88 mg/dL). Prematurity or illness may increaseamjugated
bilirubin fraction in foals. Bilirubin concentratis in healthy foals should be intomature referaacges with the
time they are 2 wk of age. Normal values for tdiéirubin in goats are 0-0.1 mg/dL.Horses by hapdisease and
failure most often have significant increases irect and direct bilirubin. With liver injure inonses or ruminant
animals, most of the retained bilirubin is indiremd the direct-to-total ratio commonly is <0.Zuke liver failure
caused with hepatic necrosis results in increasésdirect and direct bilirubin fractions. In hossbysevere liver
failure, the increase in bilirubin is primarily tmese of an increase in the indirect fraction. Hegaltular disease
should be considered when the indirect bilirubiacfion is >25% of the total bilirubin value. Direetacting
bilirubin rarely exceeds 25-35% of the total bititu in horses. Increases of this magnitude suggestominant
biliary disease or obstruction. With bile blockageintrahepatic cholestasis, the direct-to-totéibranay be >0.3 in
horses or 0.5 in cows. Elevations in direct bilirumay be seen in septic foals by intestinal ilansl minimal
evidence of hepatocellular dysfunction.In chromnrel disease, bilirubin concentrations are often imormal limits.
Mature cattle and calves may have acute liver dise@dgthout any increase in serum bilirubin. Inleatand sheep,
circulating bilirubin levels increase only modedblyacute, generalized hepatic disease. The mostadi@increases
in serum or plasma bilirubin concentrations are thudvemolytic crises rather than to liver dysfuonti In the
absence of hemolysis, total serum bilirubin conegitns >2 mg/dL indicate impaired hepatic functiomuminants
[10, 26].

Urobilinogen

Urobilinogen may be detected with dipstick analyisismormal horses. Increased levels of urobilinogemrine

without hemolysis are suggestive of a hepatic dysfan, portosystemic shunting, or increased prtidncwith

intestinal bacteria. Urobilinogen in the urine icaties the presence of a patent bile tube. Absehaeobilinogen
may indicate complete biliary blockage, liver disgaor failure to excrete bilirubin into the iniast reduce it by
intestinal bacteria, or absorb it from the ileunmeTcorrelation between urobilinogen and hepatoleglidisease in
animals is poor. Urobilinogen is unstable in urittesrefore, analysis must be done into 1-2 hrheramount will
be decreased or undetectable [2, 6].

Serum and Plasma Proteins

Serum albumin and protein concentrations are vigriabhorses and cattle by hepatic disease. Hypejnemia isn't
common in horses with acute liver disease. Seridounain is most likely to be reduced in chronic livksease due
to decreased functional hepatic parenchyma. In stndy of 84 horses, 13% were hypoalbuminemic. Alioum
concentrations were below minimum reference valnes8% of horses by chronic liver disease and 6%ebgre
liver disease. Globulin concentrations were elevatea 64% ofthe horses. Hyperproteinemia due to
hyperglobulinemia may develop in horses by severeteaor chronic liver disease. Total plasma protein
concentration is often normal, but the albumin lmbglin ratio may be decreased.Plasma fibrinogerentration
may not be a sensitive test in horses by hepasiofficiency. Low fibrinogen concentrations may fedoom
parenchymal insufficiency or disseminated intravésccoagulopathy. A high fibrinogen concentratismelatedby

an inflammatory response in horses bycholangiolitept2].

Prothrombin Time

Abnormalities in pro-thrombin time (PT) are oftdretfirst detected because factor VII, a liver-sgsthed vitamin
K-dependent factor, has the shortest half-lifeu8ePT may be rapidly prolonged with hepatic failarel is one of
the first function tests to return to normal byaoeery from severe hepatic disease. A normal PTrahation,

however, doesn't rule out coagulopathy due to \itafndeficiency. Prolonged activated partial thramplastin time
(APTT) or other indications of coagulopathy mayrtmted in animals byacute hepatic disease. Becanaenber of
factors may influence PT or APTT values in horghes, ratio of clotting time of the horse by suspddbepatic
disease to that of a normal horse's value shoutdlii®for the test to be interpreted as abnornl [2
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Urea, Glucose, Ammonia, and Other Alterations

Serum concentration of urea may be decreased eresewnd chronic liver failure. Hypoglycemia is usndoals by
hepatic failure. Blood glucose concentrations inture horses by hepatic dysfunction are frequentdymal or
increased. Hypoglycemia, while less usual in mahanses and ruminant animals by hepatic dysfuncttomore in
chronic liver disease. Plasma triglyceride coneditns are markedly increased in ponies, miniatuveses,
donkeys, and mature horses by hepatic lipidosis. Magnitude of increase in serum triglycerides o@yelate by
prognosis in horses. Alterations in triglyceridesry-low-density lipoproteins, and esterified clatézol levels are
more usual in ruminant animals than in horses Ipatie insufficiency. Neonatal foals have higherdada@holesterol
and triglyceride concentrations than mature hoPdasma ammonia levels may be increased by hepatic
insufficiency but don't correlate well by severity hepatic encephalopathy except during portocabaints.
Increased levels of blood ammonia and symptomsepétic encephalopathy without hepatic failure eported in
Morgan weanlings by hyperornithinemia, hyperammaiagrnd normocitrullinuria syndrome and in matuoeses
by primary or idiopathic hyperammonemia. Ingestidrirea or ammonium salts is more likely to caumegases of
blood ammonia and encephalopathy in cattle thamonses.PCV and serum iron are often high in hoogesute
liver disease. Increased hematocrit may persishénface of fluid therapy and normal hydration atintil the
underlying liver disease is resolved. Secondaryhevgytosis has been noted in some horses by leepadiplasia.
Increased serum iron concentration is usually geénrses by both hepatic and hemolytic diseask [21

Dye Excretion and Clearance Tests

Sulfobromophthalein or indocyanine green dyes camided to assess hepatobiliary transport. The BSHifl is
prolonged when >50% of hepatic function is loste Flormal clearance half-life of BSP is <3.7 mirhorses, 2.13
+ 0.19 min in goats, and4.0 min in sheep. BSP clearance is longer in calve&5 min) than in mature cattlex
min). Although dye excretion tests are commonlylgrged by hepatic dysfunction, they may still béoithe
normal range. Hyperbilirubinemia, decreased hegatiod flow, and significant cholestasis may fatsptolong
and hypoalbuminemia may falsely shorten BSP cleaaBSP clearance in goats is most often prolorged
generalized hepatic lipidosis secondary to pregnaoxemia. Estimation of BSP clearance time, rathan half-
life, reportedly is more useful in detection ofdivdisease. BSP clearance time in healthy fed addy3asted
horses is 10 mL/min/kg and 6 mL/min/kg, respectiv@lhese tests, however, are of limited use inicdinpractice
because of the lack of commercially available plzeotical-grade BSP. Expense, procedural limitati@nd
equipment requirements for quantitation of indodyargreen clearance have limited its use as a digntest [28].

Scintigraphy

Biliary patency and hepatocyte function, structuned blood flow may be evaluated by hepatobiliantggraphy.
Radionucleotide liver scans and biliary scans ceted alterations in blood flow or hepatic massed hiliary
obstruction, respectively. Scintigraphy has beesdusfoals, and lambs to differentiate biliary obstion from
other causes of hyperbilirubinemia [5, 38].

Ultrasonography

Ultrasonography can be used to evaluate liver sippearance and location in horses and ruminamasifor
diagnosis of hepatomegaly, hepatolithiasis, biliaijatation, cholelithiasis, or focal lesions. Tumso cysts,
abscesses, and granulomas may be observed. Diffsssases are harder to detect than focal processasise the
former cause less distortion of normal hepatic itecture. Diagnosis of diffuse liver disease shdaddsubstantiated
by biopsy and histopathology. Ultrasound can bel useguide collection of liver biopsy specimens amgerform
cholecystocentesis and aspiration of abscessesenm)aw bile samples. It's also an accurate, nasine means for
monitoring the progression or resolution of disedsehorses, the liver should be imaged from thyhtriand left
sides of the animal [14].

Liver Biopsy

Percutaneous liver biopsy is the definitive meahdiagnosing hepatic disease. Histologic evaluatbthe liver
provides valuable information regarding etiologyl aeverity of the disease process. Most casesarfdisease are
diffuse, so the sample will be representative efdisease. Samples can be obtained blindly, br#seihographic
guidance decreases the risk of complications. Liepsies can also be obtained during laparosdogydffers the
additional advantage of being able to visualize ahea of the liver and other abdominal organs fodence of
disease.Samples should be placed in media for fimlctrilture and sensitivity and in formalin forstologic
evaluation. Coagulation profiles may be performedote liver biopsy to reduce the risk of hemorrhalgeer
biopsy maynot be advised in an animal by clinicaklinicopathologic evidence of a coagulopathy odnegpatic
abscess because hemorrhage or contamination pétiieneal cavity may result [8, 27].
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Radiography

Contrast abdominal radiography in foals may be figiakin diagnosing gastroduodenal obstructiond aecondary
cholangiohepatitis. Portosystemic shunts in foakses can be identified by mesenteric portovendgrapith
injecting radiopaque contrast solution within aijggl mesenteric vein, followed by fluoroscopy agential survey
radiographs to monitor the hepatic blood flow [23].

Treatment and Management

Initial treatment of ruminant animals bysymptomshepatic disease or insufficiency is often suppertind started
before the underlying cause and extent of hepafizé is known. History, clinical symptoms, anddedtory data
may give some clue as to the nature of the hefaease process, but liver biopsy is commonly reguio make a
definitive diagnosis and to determine the degreleeplatic damage. Specific therapies for hepatieadis depend on
etiology, presence of liver failure, chronicity,gilee of hepatic fibrosis or biliary obstructiondaspecies affected.
Increases in hepatic enzymes without hepatic déseas/ not require specific therapy for the livet tather for the
primary disease.Therapy is successful when intéimeris early, hepatic fibrosis is minimal, and rénés evidence
of regeneration in the liver. Horses byacute oddirig fibrosis respond poorly because of inadegpatential for
liver regeneration. The goals for treatment of éaagimals by hepatic disease or insufficiency areontrol hepatic
encephalopathy, to treat the underlying disease&gssy) to provide supportive care to allow time fiwer
regeneration, and most importantly, to prevent dgmé the animal and persons working by the animal.
Domesticby hepatic encephalopathy often show agiyesind unpredictable behavior that can resutlaimage to
self or handlers [16, 36].

Hepatic Encephalopathy and Hepatic Failure

Horses by hepatic encephalopathy may be aggressivdemonstrate repetitive behaviors that make aigstr
difficult. To ensure safety of the animal and hansl| sedation is required. Because most sedatneganquilizers
are metabolized with the liver, their eliminatioalfHife may be prolonged in ruminant animals byatc failure;
thus, dosages should be minimized. A reduced dogg'd given to assess its effect. Xylazine or dielioim given in
small doses to effect can be used to control haegbiiting abnormal behavior. Diazepam should beided in
animals by hepatic encephalopathy because it magree the effect of-aminobutyric acid on inhibitory neurons
and worsen neurologic symptoms. Acepromazine shelgd be avoided because it may lower the seizure
threshold.Dehydration, acid-base and electrolytiealsnces, and hypoglycemia should be correctechpyopriate
IV fluids. Initially, a balanced polyionic solutiors administered for rehydration. Potassium supplaation is
added if the animal is hypokalemic or hypophaditVlinfusion isn't possible in ruminant animalghydration may
be attempted with oral administration of fluidsrifmen motility is normal. Some horses by hepatgedse have
polycythemia, making evaluation of hydration stawith PCV difficult. Acute acidosis may be preseBRecause
rapid correction of the acidosis may exacerbateaategic symptoms, acidosis should be corrected ugathyg with
IV administration of fluids by a high concentratiof electrolytes. If this fails or if blood pH is7<l, bicarbonate
may be administered cautiously. Supplemental vitarare optional. Adequate fresh water should biadle if the
animal can swallow normally.Factors that may cdntté to the hepatic encephalopathy should be dditeéh
Glucose as a 5-10% solution is given to correcbbgiyzemia if present. In addition, glucose suppletagon helps
decrease blood ammonia concentrations and redatebatic gluconeogenesis, protein catabolism, st rfor
hepatic gluconeogenesis. Unless the animal is lyjygmic, a continuous IV infusion of glucose slibbk given
even to animals which aren't hypoglycemic. The sidn rate should be adjusted so that euglycemiaaistained.
Induction of moderate to acute hyperglycemia, rajietrse in glucose level, and glucosuria shouléwEded. IV
glucose should be used in combination by balandectrelyte fluids and not as the sole fluid souféerapies
directed toward decreasing either ammonia produdtioor absorption from the bowel includes admmaisbn of
mineral oil, neomycin, lactulose, and metronidazodelministration of mineral oil decreases absomptiand
facilitates removal of ammonia. Passing a nasagatstbe in an animal by hepatic encephalopathy rhestione
cautiously because nasal bleeding caused with asedeclotting factors may be difficult to contrbi. addition,
blood swallowed may exacerbate the neurologic sympt Oral administration of neomycin is used torelase
ammonia-producing bacteria in the intestine. Laxgalis metabolized to organic acids with bacterighe ileum
and colon. Reduction in colonic pH reportedly fostan increased bacterial assimilation of ammohégreased
ammonia production, ammonia trapping in the bowatestinal microflora divers, and osmotic catharsis
Reportedly, oral administration of vinegar (aceticid) has the same effect on colonic pH and ammonia
concentration in the gut. Metronidazole decreasem@nia-producing organisms in horses but shoultntised in
food animals. If the animal can swallow, oral drugs be mixed byKaro syrup or molasses and givardese
syringe to avoid trauma and risk of inducing hemage during inert of a nasogastric tube. Neomylaictulose,
and metronidazole may all potentially induce middaicute diarrhea because of disruption of Gl fliise of the
drugs in combination is more to induce diarrheanthay one of the drugs given alone. Because memanle is
metabolized with the liver, caution must be usedemvladministering the drug to horses by hepatiaufail
Neurologic symptoms due to metronidazole toxicasey mimic hepatoencephalopathy.Until the naturehef
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underlying hepatic disease is known, treatmentrogdb-spectrum antimicrobials is warranted if inf@es hepatitis
is suspected. A trimethoprim-sulfa combination ig@d empiric choice because of its activity agagsm-
negative bacteria and its high concentration ie.bi#tenicillin in combination by an aminoglycosidasha broad
spectrum of action and may be of useful if a Streptcus.sp or an anaerobic or gram-negative colifee
suspected. Enrofloxacin has also been recommefitstt. and second-generation cephalosporins hage bged in
foals and in other species. Metronidazole may bmimidtered when anaerobic infection is suspectetorses.
Specific antimicrobial therapy based on culture aedsitivity of a liver biopsy is ideal.Pain may centrolled by
low doses of NSAID. In foals, butorphanol may befperred. Vitamin K and plasma transfusions may be given
when coagulopathies develop or hypoalbuminemiadsgnt. In some horses bysevere hepatic diseaskiané,
antioxidant and anti-inflammatory therapy may bendiié. Mannitol has been recommended for treatnant
suspected brain edema in fulminant hepatoencepdidippHorses by hepatic disease should be protdobea
sunlight [4, 10, 23 and 35].

Dietary Management

Dietary management is mandatory for managementohals by hepatic encephalopathy or severe or ahiron
hepatopathy. Affected animals should be fed becdysphagia may be a problem. Relatively small arteoshould

be fed frequently. The diet should meet energy sidsdreadily digestible carbohydrates, provide adég but not
excessive protein, have a high ratio of brancheddrchmino acids to aromatic amino acids, and beemade to high

in starch to decrease need for hepatic glucosehssist Fat and salt shouldn't be added to the Bestds used
successfully in horses include grass or oat hayamd. Small amounts of molasses may be added pooire
palatability and to add energy. Large amounts ofasses can make the feed less palatable and irdlac@ea.
Linseed meal and soybean meal have an excellentted-chain to aromatic amino acid ratio and maydesl as a
protein supplement in small quantities. Beet pulgyrbe substituted for oat or grass hay. Beet phtulgl be
soaked first to allow full expansion before beied.fChoke may be a problem in some animals ea@pgpulp.The
feeding of alfalfa hay, alfalfa-containing feeds,ather legume hays to horses by hepatic diseasenigoversial.
Although alfalfa hay has a better branched-chaiartanatic amino acid ratio than grass hay, it mayehtoo high a
protein content. Feeding grass hay is preferred aoimals by hyperammonemia or symptoms of hepatic
encephalopathy. Mixed grass/alfalfa hay can beddubrses without central neurologic symptoms ifghieloss is

a problem and the added protein is tolerated. Ggagrass pastures is allowable as long as symptdrhepatic
encephalopathy are controlled and exposure toghiri§ avoided.Other feeds high in branched-chaiima acids
include sorghum, bran, or milo. Paren-teral or hteupplement with branched-chain amino acidsshedgtore the
normal ratio of branched-chain to aromatic amin@scSupplement of vitamins A, D, and, Bnd folic acid,
possibly by vitamins C and E, might be indicateitamin K; may be indicated in animals with a coagulopathy.
Large amounts of fat should not be fed to meet ggnaequirements; excessive fat may lead to fatty
liver.Transfaunationby rumen fluid from a healthgncmay help reestablish normal ruminal flora andréase the
appetite of affected cattle. Animals which will neat voluntarily must be force fed. Gruel may beegi with
nasogastric tube in horses and swine or by oragdstre or rumen fistula in ruminants. In ruminantmals, forced
feeding of alfalfa meal and dried brewer's graifeet pulp by potassium chloride and normal runhgid has been
recommended. Alfalfa hay and alfalfa-containingdfeenay be better tolerated with cattle than by donwith
hepatic disease. IV polyionic fluids by 5% dextropetassium chloride, and B vitamins may also beded in
animals whicharen't consuming adequate amounfg]5,
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