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A Review of
Leakage 
Enzymes

• Mild, moderate, or severe 
elevations with ANY hepatocellular 
damage/death

• Degree of elevation depends on 
how bad the hepatocyte damage 
is AND how many hepatocytes are 
still alive
• May only be mildly elevated in 

severe disease if hepatocytes 
are nearly all wiped out

ALT

• Mild, moderate, or severe 
elevations with ANY hepatocellular 
damage

AST



Types of Injuries That Release ALT/AST

Infection Inflammation Toxin Poor 
perfusion

Hypoxia Trauma Cholestasis Infarction





Leakage 
Enzymes 
(ALT/AST)

Elevation of ALT and/or AST localizes 
the disease to (at least in part to), the 
liver parenchyma

The degree of elevation correlates with 
the degree of damage

Initially, with any type of injury, these 
enzymes increase then decrease upon 
recovery or successful treatment
• Use enzymes as a marker of recovery





Other 
Markers of 
Hepatocyte 
Injury 

Hypoalbuminemia

Hypoglycemia

Decreased BUN

Hypocholesterolemia



Bad News

Occasionally, with 
severe liver disease, 
hepatocyte death is 
so widespread, there 
is NO ALT left to leak

ALT may be normal 
or mildly elevated in 

severe or chronic 
diseases



nevertheless

ALT/AST> CHOLESTATIC ENZYMES IS VERY INDICATIVE OF 
HEPATIC DISEASE



A Review of 
Cholestatic 
Enzymes

 ALP and GGT are inducible enzymes 
released from bile canalicular membrane 
or hepatocyte membrane 
 Release due to cholestasis INSIDE OR 

OUTSIDE the liver





Cholestatic 
Enzymes

 ALP and GGT
 Mild to severe elevations with 

intrahepatic or extrahepatic 
cholestasis

 Higher values associated with more 
severe cholestasis



Intrahepatic 
Biliary System



Intrahepatic 
Cholestasis

 Occurs due to compression of bile 
canaliculi due to hepatocyte swelling 
during or after hepatocyte injury

 Occurs due to obstruction or 
compression of bile canaliculi or bile 
ducts 
 Hepatic mass
 Fibrosis
 Cirrhosis
 Biliary neoplasia
 Choledocholith



ALT Elevation Then ALP/GGT Elevation

 In hepatic diseases, it is common to have an initial rise in ALT, 
followed by a rise in ALP/GGT days to weeks later, as damaged 
hepatocytes swell and compress bile canaliculi
 ALP/GGT in these cases are usually mild to moderate

 Common pattern after toxicities or hepatic infections/inflammation
 Chronic hepatopathies



Mixed 
ALT/ALP 
and GGT 
Patterns

Localizes to the liver OR the 
post-hepatic biliary system

Best interpreted along with 
abdominal imaging and 
pancreatitis testing



Extrahepatic 
Cholestasis

 Cholestasis in the bile ducts OUTside of 
the liver
 Cystic duct
 Gallbladder
 Common bile duct
 Proximal duodenum





Extrahepatic Bile Duct Diseases (EHBD)

Cholangitis Cholecystitis Biliary tumors

Gallbladder 
mucocele Choleliths Pancreatitis!!!



Extrahepatic 
Bile Duct 
Diseases 
(EHBD0)

ALT is usually normal or mildly elevated

Cholestasis “downstream” causes hepatocytes 
“upstream” to leak ALT/AST bc bile stasis is 

irritating to membranes

ALP/GGT mild to severe elevations



Extrahepatic Bile Duct Diseases (EHBD)

 Pancreatitis is different
 Pancreatitis may cause more significant hepatocyte damage 

due to local inflammation 
 Mild to severe ALT elevation

 Mixed pattern or predominantly cholestatic
 Rarely, just ALT elevation



A Review of Icterus: 
Causes

 Liver dysfunction (hepatic)
 Icterus due to decreased 

hepatocyte uptake and 
conjugation of bilirubin



A Review of Icterus: Causes

 Cholestasis 
 Icterus due to impaired flow of bile 

through intrahepatic or extrahepatic
biliary system

 Intrahepatic cholestasis
Extrahepatic cholestasis



Localizing Causes of Icterus

 Liver function tests help determine if there is a hepatic cause of 
icterus 
 A failed liver function proves the liver cannot take up and 

conjugate bilirubin
 Does not rule out an extrahepatic component 
 Bile acid assay or ammonia tolerance testing

 But…..Cannot interpret BA assay if patient is icteric



Localizing Causes of Icterus

 Bloodwork
 ALT/ AST  >  ALP/GGT in acute hepatitis /acute hepatotoxicity
 ALP/GGT >  ALT/AST  in extrahepatic disease
 Biochemical markers of liver dysfunction occur with hepatic 

cause of icterus
 BOTH ALT/AST and ALP/GGT may elevated in some cases

Pancreatitis
Chronic hepatopathies
Days after onset of acute hepatopathy



A Review of Icterus

 Icterus does NOT occur 
with every liver disease
 50% of liver failures
 <50% of hepatobiliary 

disease



Localizing Hepatobiliary 
Disease

IMAGING AND ASPIRATES
RADIOGRAPHS AND ULTRASOUND
+/- CT SCAN
CHOLECYSTOCENTESIS
LIVER BIOPSIES



Shelby, 14 yr DSH
Vomiting
Normal bloodwork



Liver Biopsies
 What to submit

 Routine histopathology
 Liver culture
 Liver tissue for mineral 

analysis
No formalin
Wrap in dry gauze

 Bile cytology
 Bile culture
 Save tissue for 

 FISH
 PCR



Now For Some Cases! 



Gray Epperson

 Gray is a 2-3 year old male, neutered, domestic short hair that presenting the morning of 5/25/23 
for lethargy and not eating breakfast. He was his typical, feisty self the night of 5/24/25 and did 
not greet the owners on 5/25/23. Mrs. Epperson fed him canned turkey food and Gray did not eat 
it, instead, he covered it with a towel. Mrs. Epperson knowns that Gray defected twice on 5/24/23 
but was unsure about urination. Mrs. Epperson reports that Gray was sitting by the window the 
night of 5/24/35 with one of the other cats and the morning of 5/25/23, multiple things around 
there were knocked down and moved. Gray is known to scrap with the other cats and up until the 
morning of 5/25/23 Gray has been normal. Gray was found in the barn in November of 2022 and 
was taken into the house with 2 other cats and a dog in late November/early December. He was 
FeLV/FIV/HW Ag tested in December of 2022 and was below detectable limits. He was 
vaccinated in December of 2022 and January 2023. He was also neutered in January







Gray

 Normal baseline ammonia
 Normal coagulation times
 Normal thoracic radiographs
 Abdominal ultrasound and liver aspirates
 Toxoplasmosis titers





•N-Acetylcysteine (200) (70) 1.6 mls IV Q6
• Add 1.6 mls of N-acetylcysteine with 4.8 mls of D5W

•Cerenia (10_ (1) 0.47 mls IV Q24
•Mirtazapine 1/4 inch strip transdermally Q24
• Gabapentin (100) (11) 0.52 mls PO Q8
•Clindamycin (25) (10.6) 2 mls PO Q12
•Ondansetron (2) (1) 2.6 mls IV Q8





Monkey

Monkey is an approximately 9-year-old male neutered DSH that presented to MSU-CVM Internal 
Medicine service on 3/9/21 for further evaluation of chronic vomiting and elevated liver enzymes. Per 

Stephanie, he has been vomiting for years; however, has increased in severity in the last few months. In 
February, he was vomiting yellow bile with observed abdominal contraction 3-4x intermittently throughout 
the day. Bloodwork performed at the rDVM revealed elevated liver enzymes (ALP 104, ALT 611). He was 

hospitalized for a few days which improved his vomiting to approximately 1x/day. At the beginning of 
March, he was hyporexic and lethargic with decreased water intake. Repeated bloodwork at the rDVM 

revealed elevated liver enzymes (ALP 142, ALT 473). He was hospitalized on IV fluids with repeat 
bloodwork displaying steady decline of the elevated liver enzymes (3/6 ALT 123, ALP 109), but new 

hyperbilirubinemia at 2.2. He was discharged from Mitchell Animal Clinic on 3/6. Afterwards, his 
hyporexia progressed to anorexia, further decreased water intake, and worsening lethargy with jaundice 

now present. Stephanie reports he has lost weight recently. His bowel movements are formed. He is 
strictly indoors with one other cat who is not displaying clinical signs. He is not on heartworm or flea 
preventative. Monkey also has a historical heart murmur at a grade II/VI that is treated with Enalapril 
1.25mg BID. Stephanie does not report any tachypnea, dyspnea, coughing, or exercise intolerance





•CBC
•RBC: 6.02 L 10^6/ul (reference interval: 6.40 - 10.10)
•HGB: 8.9 L g/dl (reference interval: 9.1 - 15.2)
•HCT: 26.7 L % (reference interval: 32.0 - 48.0)
•PCV: 26.0 L % (reference interval: 30.0 - 46.4)
•Segs: 13137.0 H /ul (reference interval: 2300.0 - 11900.0)

•Coagulation profilePT: 
•9.7 sec (reference interval: 5.0 - 10.0)
•PTT: 148.2 H sec (reference interval: 15.0 - 25.0)

•Ammonia ChallengeBaseline Ammonia: 43.00
•Post Ammonia: 141.0





•Medications Day 1
•Cerenia 10mg/mL: 1mg/kg (0.54mL) IV q24h
•Vitamin K: 1mL SQ q8h
•Mirtazapine 5mg transdermal: 1.5inch strip applied 
to pinna topically q24h
•Plasmalyte: 7mL/hr IV CRI •Medications Day 2

•Cerenia 10mg/mL: 1mg/kg (0.54mL) IV q24h
•Vitamin K: 1mL SQ q8h
•Mirtazapine 5mg transdermal: 1.5inch strip applied to 
pinna topically q24h
•Plasmalyte: 7mL/hr IV CRI
•Acetylcysteine 200mg/mL: 70mg/kg (1.9mL) IV 
through filter q8h
•Carnitine: 250mg capsule PO (via NE tube) q24h
•Lactulose: 1mL PO q8h
•Veraflox: 25mg: 1.62mL PO q24h
•Atenolol











Ursodiol

 To use or not to use???



River Barrett

 Chronic enteropathy
 Progressive hyporexia
 Multiple diagnostics performed step-wise
 Presented to IMED for E-tube and consultation



 RELEVANT PATIENT HISTORY:
River, a 6.5 year old, MC FeLV positive cat presented to MSU-CVM Internal Medicine Service on 8/2/2023 
regarding diarrhea, hyporexia, and hepatic lipidosis.  We previously saw River on 7/14/2023 for diarrhea and 
hyporexia, and at this appointment we performed a giardia snap test and fecal parasite flotation, which did not 
detect any intestinal protozoal organisms or parasites. River was sent home on Metronidazole and Proviable 
Forte. At a recheck appointment on 7/17/2023, a CBC/CHEM/T4/Urinalysis tests were performed, with CBC 
results revealing decreased protein and globulins. T4 results were low which is suggestive of Euthyroid Sick 
Syndrome from chronic illness. An abdominal ultrasound and aspirate were performed, and it was determined 
that River had multifocal thickening of the muscularis layer in the small intestine, mild lymph node 
enlargement, and hepatic lipidosis (determined by liver FNA). Abdominal radiographs were also performed, 
and it is determined that River had small intestinal gas, mild splenomegaly, and ill-defined nodules dorsal to 
the descending colon that may be superimposition of normal structures or due to lymphadenopathy. A 
gastrointestinal bloodwork panel was sent off to Texas A & M University, and consisted of TLI, PLI, 
Cobalamin, and Folate levels. All of the levels were within reference interval. On 7/21, river returned for 
thoracic rads that showed an enlarged and rounded cardiac silhouette. Rivers current medications are 
Mirtazapine and Entyce. River is still having intermittent diarrhea. He currently is eating half a cup of ZD with 
cheese and turkey.











Shelby Reichtly: 2021

 Intermittent GI signs and liver values elevations since 2021

Shelby is a 14.5 year old female spayed DSH with a 1.5 year history of 
hepatopathy. Her ALT was 2224 U/L in August 2019 but was back down 
within the normal range by October of 2019. Within the last 24 hours she 
has been lethargic, had a decreased appetite, and has vomited multiple 
times (6-8x). This was the same clinical signs that she had in August of 

2019. She also has a grade 3 heart murmur and has had an echo in 
2019. She is currently not on any medications. She is an indoor cat that 

has access to the back yard for 15-30 minutes a day







Shelby: 2023

 >8 repeat visits for cholangitis/pancreatitis
 Repeat cholecystocenteses: 4
 Different organisms or resistance of organisms as time 

progressed





Kevin

Kevin is a 9-year-old male neutered Domestic Long Hair cat that 
presented to MSU-CVM Emergency Service on 1/4/23 due to icterus. 

Ms. Fleming reports that she was out of town on 12/21/22 - 1/1/23. 
During this time, a cat sitter was taking care of Kevin and giving his 

insulin injections. Kevin typically receives 6 units twice daily. When Ms. 
Fleming returned home, Kevin was lethargic and not himself. Kevin was 

brought to the emergency vet on the evening of 1/1/23 where they 
diagnosed him as having a gastric ulcer. Ms. Fleming brought Kevin to 

MSU-CVM when she noticed his ears were yellow.

Current medications:
Amoxiclav 80mg/ml susp. - 1.5ml PO q12

Sucralfate 1g tablets - 1/2 tab PO q8
Omeprazole 20mg tablets - 1/4 tab PO q24

Cerenia 16mg tablets - 1 tablet PO PRN
      

















•Buprenorphine 0.3mg/mL @0.2mg/kg: 0.31mL IV Q6
•N-Acetylcysteine 200mg/mL @70mg/kg: 1.68mL IV Q6

• Dilution: +5.04mL NaCl (0.45%) - 6.72mL TOTAL
• Loading dose (140mg/kg - 3.4mL) given 1/5 @8pm

•Metoclopramide 5mg @0.5mg/kg: 1/4 tab NG Q8
• If able to place second line- CRI of 2mg/kg/day [1.9mL + 

22.1mL NaCl]
•Ondansetron 2mg/mL @1mg/kg: 2.4mL IV Q8

• Switching to ORAL after injectable- 4mg: 1 tablet NG Q8
•Vitamin K 10mg/mL @1mg/kg: 0.5mL SQ Q12
•Cerenia 10mg/mL @1mg/kg: 0.5mL IV Q24
•Pradofloxacin 25mg/mL @7.5mg/kg: 1.4mL NG Q24







That’s It
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