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‘D Profile

DEFINITION

Measurement of serum ALT and AST levels is
a highly sensitive screening test for hepato-
biliary disease.

Problems

The sensitivity of serum transaminases must
be considered in light of the fact that serum
ALT and AST activity can be increased under
conditions in which the liver is not the pri-
marily diseased organ. One report has noted
that the positive predictive value of a
twofold increase in serum ALT activity to
detect primary liver disease is only 29%.’
The liver receives a rich blood supply from
both the arterial and portal venous systems
and is a dynamic metabolic organ with vari-
ous functions, including fat digestion, inter-
mediary metabolism, and detoxification of
endogenous and exogenous compounds.
Extrahepatic systemic disorders and dis-
eases in organ systems drained by the por-
tal circulation—particularly the gastroin-
testinal tract and pancreas—can damage
the liver and increase levels of serum ALT
and AST. Thus, under these conditions,
increased liver enzymes may not reflect the
presence of clinically important hepatic dis-
ease (Table 1). In addition, in dogs corticos-
teroids and phenobarbital can increase
serum transaminase activity, particularly
that of ALT, due to enzyme induction.”® It

LIVER ENZYMES

1 When Serum Transferase Levels May Not
* Reflect Clinical Hepatobiliary Disease

Endocrinopathies

Gastrointestinal Disease

Neoplasia

Drug Induction

Hypoxia/hypotension

Diabetes mellitus
Hyperadrenocorticism
Hyperthyroidism (cats)

Pancreatitis
Inflammatory bowel disease
Metastatic disease

Phenobarbital (dogs)
Corticosteroids (dogs)

Congestive heart failure
Hypotensive crisis
Severe hemolytic anemia
Status epilepticus

liver disease
because of enzyme
depletion second-
ary to replacement
of hepatocytes by
fibrous tissue. For
these reasons, a
single serum ALT or
AST measurement
should never be
used to make a
definitive diagnosis
or to establish a
prognosis. The clini-
cal significance of
increased serum
ALT or AST activity

Blunt abdominal trauma

Systemic infections

should be noted, however, that corticos-
teroids and phenobarbital can also increase
serum ALT and AST activity due to hepato-
toxicity.®

Serum transaminase levels increase when
active disease causes hepatocyte membrane
damage. However, since the liver has a huge
regenerative capacity and great functional
reserve, the magnitude of elevation in serum
ALT or AST is not indicative of the extent of
functional impairment and thus has limited
prognostic value. In fact, ALT or AST eleva-
tions may be quite mild in severe end-stage

ALT = alanine transaminase; AST = aspartate transaminase; tq/, = half-life

is improved by (1)

monitoring for

sequential enzyme

elevations; (2)
assessing for concurrent increases in other
serum markers of liver disease (serum alka-
line phosphatase, serum gamma-glutamy!
transpeptidase, serum bilirubin); (3) measur-
ing liver function (serum total bile acids);
and/or (4) obtaining a liver biopsy.

Incidence/Prevalence

Elevations in serum ALT or AST are common-
ly noted on serum biochemical profiles in
dogs. In a study of 261 dogs presented for
various disorders to a referral hospital, 47%
had elevations in ALT.” In another study of
1022 blood samples from both healthy and
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sick animals submitted to a private veteri-
nary laboratory, elevations in ALT and

AST were seen in 20.3% and 12.1%, respec-
tively.t

Increases in ALT or AST may indicate breed-
related hepatopathies in Doberman pinsch-
ers, cocker spaniels, Labrador retrievers,
Bedlington terriers, dalmatians, and Skye
terriers. In addition, serum transaminase lev-
els may be mildly elevated in dogs with
congenital vascular diseases, such as por-
tosystemic vascular anomalies or primary
hypoplasia of the portal vein, disorders with
distinct breed predispositions.’

ALT

In most situations, ALT is considered a liver-
specific enzyme in dogs and cats. In dogs,
severe muscle necrosis can increase serum
ALT, but a muscle source for the enzyme can
be eliminated by simultaneous measure-
ment of serum creatine kinase."

Elevations in serum ALT are associated with
reversible or irreversible damage to the
hepatocyte plasma membrane. Increased
serum ALT activity has the highest sensitivity
(80% to 100%) for inflammation, necrosis,
vacuolar hepatopathy, and primary neopla-
sia. Reduced sensitivity has been noted for
the detection of liver failure due to feline
hepatic lipidosis (72%), hepatic congestion
(70%), metastatic neoplasia, portosystemic
vascular anomalies, and secondary hepatic
lipidosis (60%).""

The magnitude of serum ALT elevation is
generally proportional to the number of
injured hepatocytes. Since the t1 5 in dogs
is about 2.5 days, a 50% decrease over 2 to
3 days is a good prognostic sign. In cats, the
serum t/y is much shorter (around 6 hrs),
so return to normal values after an acute
insult occurs faster.

AST

Compared with ALT, AST is more sensitive
but less specific for detection of hepatic dis-
ease." Serum AST is derived from liver,
skeletal muscle, and cardiac muscle sources.
In humans, there is both a cytosolic and
mitochondrial liver isoenzyme, and this is
presumably true in dogs and cats. The cyto-
solic enzyme is released with reversible or
irreversible damage to hepatocyte plasma
membranes and usually parallels increases
in ALT. The mitochondrial enzyme is released
only with irreversible hepatocyte injury.

Generally, the degree of serum AST eleva-
tion for a given amount of hepatocyte dam-
age is less than the degree of ALT elevation.
If serum AST is much higher than serum ALT,
a muscle source of the enzymes should be
explored. In humans, a disproportionate
increase in AST over ALT is also seen in con-
junction with severe, irreversible hepatocyte
injury, in which large amounts of mitochon-
drial AST are released into the serum.™

The t1/ of AST in dogs and cats has been
reported as 12 hours and 77 minutes,
respectively. Because the tq/; of serum AST
is shorter in dogs than the t1, for serum
ALT, levels of the former enzyme generally
return to normal faster. AST has been
reported to be more sensitive than ALT for
the detection of metastatic disease in the
liver (70% to 95% vs 45%, respectively).”
Hemolysis also increases serum AST.

To determine the clinical significance of per-
sistently elevated levels of serum ALT or
AST, the clinical scenario must be scruti-
nized as a whole. Historical information,
clinical signs, physical examination findings
as well as the results of diagnostic imaging
and ancillary laboratory evaluation must be
considered.

ALT = alanine transaminase; AST = aspartate transaminase; tq, = half-life
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HISTORY/PHYSICAL
EXAMINATION

Important aspects of the his-
tory and physical examina-
tion for liver disease are list-
ed below.

History of toxin exposure:
Cycad seeds, mushrooms,
blue-green algae bloom

History of drug adminis-
tration: See Table 2."

Polyuria/polydipsia:
Hyperadrenocorticism, dia-
betes mellitus, chronic liver
disease, congenital portosys-
temic shunts, hyperthyroidism (cats)

Dermatologic disease: Hyperadreno-
corticism, hepatocutaneous syndrome

Diffuse cerebral signs: Hepatic
encephalopathy due to congenital or
acquired portosystemic shunts

Pot-belly: Hyperadrenocorticism

Jaundice: Prehepatic (hemolytic anemia),
hepatic, or posthepatic

Abdominal effusion: Chronic liver disease
with ascites, neoplasia, pancreatitis, conges-
tive heart failure

Hepatomegaly: Primary liver disease, corti-
costeroid hepatopathy, passive congestion,
neoplasia, hepatic lipidosis, amyloidosis, cir-
rhosis (cats)

Dyspnealincreased lungs sounds:
Congestive heart failure, hyperthyroidism
(cats)

Abdominal pain: Blunt trauma, pancreati-
tis, cholecystitis, gastric ulceration

Chronic intermittent gastrointestinal
signs: Gastric ulceration due to chronic liver
disease, congenital portosystemic shunts,
chronic pancreatitis, inflammatory bowel
disease, hyperthyroidism, diarrhea (cats)

Palpable thyroid nodules:
Hyperthyroidism (cats)

Tachycardia: Hyperthyroidism (cats)

Acute hepatic necrosis in a 3-year-old German shepherd. Serum ALT
and AST were 20 and 16 times the upper limits of normal, respectively.

IMAGING

Radiography

¢ Hepatomegaly: See above.

e Microhepatica: Cirrhosis (dog), congeni-
tal portosystemic shunts

e Choleliths: 50% visible radiographically

¢ Decreased abdominal detail: Ascites

¢ Cardiomegaly with pulmonary
edemal/pleural effusion: Heart failure

Ultrasonography
HEPATOBILIARY

¢ Focal or multifocal lesions: Primary or
metastatic hepatobiliary neoplasia, nodu-
lar hyperplasia (common in older dogs),
abscess

¢ Diffusely hyperechoic liver: Hepatic
lipidosis, corticosteroid hepatopathy, lym-
phosarcoma

¢ Diffusely hypoechoic liver: Passive
congestion, lymphosarcoma, suppurative
hepatitis

e Normal liver: Does not rule out primary
hepatic disease

¢ Gallbladder/biliary tree: Gallbladder
mucocele or choleliths, distended biliary
tree

¢ Portal vasculature: Single congenital or
multiple acquired portosystemic shunts,
portal vein thrombosis, passive conges-
tion

Hepatotoxic Drugs in
Dogs and Cats

2.

Acetaminophen (dogs, cats)
Amiodarone (dogs)
Anabolic steroids (dogs, cats)
Carprofen (dogs)
Lomustine (CCNU) (dogs)
Corticosteroids (dogs)
Diazepam (cats)
Diethylcarbamazine/oxibendazole
(dogs)
Halothane (dogs, cats)
Itraconazole (dogs)
Ketoconazole (dogs, cats)
Mebendazole (dogs)
Megestrol acetate (cats)
Methimazole (cats)
Methoxyflurane (dogs)
Milberone (dogs)
Methotrexate (dogs)
Primidone (dogs)
Phenytoin (dogs)
Phenobarbital (dogs)
Potentiated sulfonamides (dogs)
Tetracycline (cats)

GASTROINTESTINAL TRACT

Pancreas: Enlarged hypoechoic surrounded
by hyperechoic fat indicative of pancreatitis

Thickened gastrointestinal tract: Inflam-
matory bowel disease or lymphosarcoma

OTHER ABDOMINAL ORGANS

Primary neoplasia of spleen, stomach,
pancreas, intestine, or adrenals accompanied
by focal hepatic nodules

LABORATORY ANALYSIS

Hyperadrenocorticism: In dogs, concurrent
increase in serum alkaline phosphatase

continues on page 18
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On potentially hepatotoxic
drugs/supplements

Y

Any degree of elevation

¢ @ \J
Breed-specific hepatopathies Discontinue or change to  ——
differenct drug class

/\ (e.g., KBr for phenobarbital)

Inflammatory/fibrotic

Bedlington terrier Vascular

Cocker spaniel
Dalmatian
Labrador retriever
West Highland white terrier
Doberman pinscher

I

Abdominal Elevated total serum
ultrasonography bile acids

N

)
"“ Pursue diagnostics to
identify abnormal portal
circulation

Congenital portosystemic shunts
Primary hypoplasia of portal vein
Several breed predispositions

LIVER ENZYMES

Diffuse hepatic disease
or normal

:

)
L“ Hepatic biopsy
Histopathology
Quantitative copper analysis

5

ALT = alanine aminotransferase; AST = aspartate aminotransferase; KBr = potassium bromide; ) )
IBD = inflammatory bowel disease; IMHA = immune-mediated hemolytic anemia; TSBA = total Diagnosis Treatment Result
serum bile acids
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Asymptomatic Patients

No hepatotoxic drugs/supplements

'

< 3x upper limit normal > 3% upper limit normal

2

Monitor serum ALT/AST

Normal TSBA Hepatic function test

Retest in 2-4 weeks TSBA

9

Normal Persistent or - Abnormal TSBA

progressive increase
in serum ALT/AST

¢ / \

Identify extrahepatic cause No obvious

diagnostic tree

extrahepatic cause
Gastrointestinal

le?lcreatitis @ +

Endocrine Abdominal
Hyperthyroidism (cat) ultrasonography
Hyperadrenocorticism (dog)

Diabetes mellitus +

Vascular 6

IMHA Focal or diffuse

Any elevation in
association with serum
hyperbilirubinemia
(w/o anemia)

Congestive heart failure
Metastatic neoplasia
Systemic infection

Drug induction 3
Phenobarbital Q& Give parenteral vitami
Corticosteroids (dog) Assess coagulation

hepatobiliary disease
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CONTINUED

(induction of corticosteroid specific isoen-
zyme) that is much greater than the
increase in serum transaminase levels; mild
polycythemia and thrombocytosis, hypercho-
lesterolemia

Primary liver disease: Both ALT and AST
increased together, +/— increases in serum
alkaline phosphatase and serum gamma-
glutamyl transpeptidase, hypoalbuminemia,
low blood urea nitrogen, hypoglycemia

Chronic liver disease: Ascites that is
a pure transudate with a total protein
< 2.5 g/dl

Right heart failure: Ascites that is a
modified transudate with a total protein
> 2.5 g/dI

Chronic gastrointestinal disease:
Panhypoproteinemia, hypocholesterolemia,
lymphopenia

Acute pancreatitis: Increased serum amy-

lase and/or lipase (dogs); acute nonseptic
inflammation on abdominal tap

Cancer: Malignant effusion on abdominal
tap, high protein ascites with exfoliated
cells, hemorrhagic effusion with ruptured
hemangiosarcoma. Absence of neoplastic
cells does not rule out a malignant effusion.

DEFINITIVE DIAGNOSIS

Drug toxicity: Stop drug and monitor
serum enzyme activity.

Hyperthyroidism: Serum total thyroxine

Dy

e Measurement of serum
transaminase levels is the most
sensitive screening test for the
presence of hepatobiliary disease
available to the small animal
practitioner.

e Serum ALT and AST elevations
indicate active hepatobiliary
disease, but provide no information
on the functional state of the liver.

¢ The prognostic significance of
serum ALT/AST elevation can be
improved by evaluating sequential
tests, looking at concurrent
increases in other serum markers of
hepatobiliary disease (such as

Hyperadrenocorticism: Failure to suppress
on a low-dose dexamethasone-suppression
test or an exaggerated response to an
adrenocorticotropin-stimulation test

Primary hepatobiliary disease: Rule out
concurrent disease causing reactive
hepatopathy (Table 1). Abnormal hepatic
function test, elevated total serum bile
acids, serum hyperbilirubinemia with normal
packed cell volume, blood hyperammone-
mia, increased prothrombin or partial throm-
boplastin time, abnormal liver biopsy

Chronic gastrointestinal disease:
Serum trypsin-like immunoreactivity, pancre-
atic lipase, endoscopy with intestinal biopsy,

M Procedures Pro: Joint Taps
B Complications: Treatment of Congestive Heart Failure
M What's the Take-Home? Canine Artificial Insemination
[ Applied Cytology: Chylous Effusions in Cats

H How to Refer: Diabetes

serum alkaline phosphatase, serum
gamma-glutamyl transpeptidase,
albumin, bilirubin, and total serum
bile acids), and using them in
conjunction with diagnostic
imaging findings +/- hepatic
histopathology.

Serum ALT or AST can be elevated
without the presence of clinically
significant liver disease particularly
in disorders affecting the
gastrointestinal tract, in
hyperthyroidism in cats, and during
glucocorticoid or phenobarbital
therapy in dogs.

fine-needle aspiration or biopsy of the
pancreas

Cancer: Biopsy or fine-needle aspiration

@ Treatment

Treatment is based on the determination of
the cause of the increased transaminases
(see Diagnostic Tree).

See Aids & Resources, back page, for
references, contacts, and appendices.

COMING SOON

to these pages...

Plus, of course,

Capsules, Make Your
Diagnosis, Consultant on
Call, Diagnostic Tree, 1000
Words, Applied Behavior,
and much more!
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