A A
v AR AZ7} 7k2] 60% XA
H| A2 A

1. Kupffer's Cell

2. Lipocytes

3. Endothelial Cells

4. Granular Lymphocytes (Pit Cells)

B. 7tH) 2 9] 5t2 W& woF3 3 /space of Disse@t

E. 2 7))
1. Classic Hepatic Lobule

2. Acinar
o Ny .
RS % 3poRyy 2os FT0S
R R

Diaphragmatic surtace of the liver of dog
(Orientation ventrally(V), dorsally(D}, left(L) and right(R) is indicated)

1. Right medial lobe
2. Right lateral lobe
3. Caudate lobe
4. Caudal vena cava
5. Right triangular ligament
6. Coronary ligament
7. Left triangular ligament
8. Oesophageal notch
9. Papillary ligament
10. Papillary process of Caudate lobe
11. Falciform ligament
12. Left lateral lobe
13. Left medial lobe
14. Quadrate lobe
15. Gall bladder
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1, Left medial lobe

2. Left lateral lobe

3. Lesser omentum(hepatdgastric ligament)
4. Papillary process of caudate lobe
5. Oesophageal notch

Vlsceral surface of the liver of dog
(Onentahon ventrally(\l), dcwsally(D) Iefi) and fight(H) is lndlcated)

6 nght 1ateral Iobe ,
7. Caudate process of caudate lobe
8. Renal fossa
9. hepatorenal ligament
10, Lesser omentum(hepatoduodenal hgament)
11. Caudal vena cava
12, Right medial lobe
13, Gall bladder |
14, Quadrate lobe .
15, Cystic duct
16. Hepatic duct
17, Bile duct
18 Portalvein -
19, Hepatic artery -
20. Gastroduodenal artery

Quadrate Lobe

Right Medial Lobe
\\* -

CYstic Duck
Right Lateral Lobe

Caudate process—»-
of Caudate Lobe

Common Bile Duck

Overview of gross liver lobe anatomy.

biliary tree.

«— Left Msdial Lobe

-« Left Lateral Lobe
Hepatic Ducts

Papillary Process
of Caudate Lobe

Dotted line indicates anatomic of intrahepatic

space of Disse
sinusoid

&
AN & tight ]unctlor
i g

5\% bile

naliculu:
45 o8 S

WV\N‘N»‘

bl

(ito cell

endothellal b
cell =

kuffer cel( hepatic cord

WA

MV MU

oy
X
lipocyte Q ; \
y

PRV AVITY T

<
=
=<~ hepatocyte

Anatomic orientation of the celluar components of
hepatic sinusoid and hepatic cords. Note the
extraluminal position of lipocyte(lto cell) and the
intraluminal position of the Kupffer cell, with extending
a pseudopod through sinusoidal fenestrations.
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theleols
g@g%%%@o 0 Classic Hepatic
- é‘g D g@@l Lobule
: Aﬁmr o@%%%&g %-% % S(eainrfrial i
2 ﬂé@@% Cg%izj;;"{t?}hepamc 1 .
%‘@ "éﬁo@Q ey ol L
oo™ bileduct
portat vein i i
Zonal distribution of bloos fiow in an acinar unit that
corresponds to zonal distribution of blood flow,
hepatocelluar funcions. and certain histologic lesions.
sinusoids
Bile conolicule X
Bie Duct . Figure 28-5. Hepatic microana-
-\» tomy is complex and can be i
> & visualized in sev-eral ways. |
e/ \ Note the relationship of the
g bile canaliculi to the bile ducts; T
éi Sginntrol ‘E the biliary system may be
: S imagined as an acinar lend
- with the bile canaliculi forming
a ong narrow acinus.(Modified
from Hamwal textbook of
Histology, 5thed. Phil-delphia,
JB Lippincott, 1965.)
Branch potol Vein i
i
Bronch Hepatic ;
Artery

TTITIT - kil
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MAJOR HEPATOBILIARY FUNCTIONS

Carbohydrate Metabolism
Glucos homeostasis ; gluconeogenesis ; glycogenolysis., insulin
metaholism : glucagon metabolism
Glycogen : metabolism and storage
Insulin : degradation
Glucagon : degradation
Growth hormone : regulation
Lipid Metabolism
Cholesterol : synthesis, esterification, excretion
Bile acid : synthesis and regulation
Ketogenesis
Fatty acid : oxidation and mobilization
Triglyceride: synthesis and release
Phospolipid : metabolism
Protein Metabolism
Albumin : synthesis : turnover
Globulins ; acute-phase proteins ; transport proteins ; enrtain
immunoglobulins (bile)
Apoproteins : synthesis(some)
Coagulation proteins:
Activators for : procoagulants and inhibitors
inhobitors for : procoagulants and inhibitors
Aminoacid : regulation
Ammonia : synthesis and detoxification
Urea : synthesis
Vitamin Metabolism
Water-soluble : activation, synthesis, strage(B +,B «(pyrdoxine),B =

Immunomodulation{metabolic products)

Endocrine Hormone Metabolism
Polypeptide homones : targer organ influnce. degradation
steroid homones : conjugation : degradation and excretion

storage Function
Water-soluble vitamins fat-soluble vitamins
Triglycerides Glycogen
Copper, iron, zinc Blood

Hematologic Functions
In utero : hematopoiesis
Extrameduliary hematopoiesis : severe anemia . marrow failure
Coaguilation systen : factor synthesis, activation : overall homeostasis
Reticuoendothelial function : senescent, RBC breakdown
Transferrin synthesis
Bilirubin : uptake, conjugation, excretion, enterchepatic circulation
Hematopoietioc factor storage and activation : B «, folate, iron
fron homeostasis

Digestive Function
Bile acids : synthesis, regulation, enterchepatic circulation
Bile : component synthsis-excretion, digestive release
Bladder : bile storage. bile digesive interval release

Detoxification and Excere Funcions i
bilirubin : conjugation, uptake, biliary excretion ]
Ammonia : urea cycle |
Steroid homones : cortisol, andtogens, estrongen, aldosterone :
Micosomal enzyme induction : dog especiatly 5

. LT . , enobiotic : .. barbiturates ropoxyphene
{cyanocobalamin),folic acid,nicotinic acid, and riboflavin) xenabiolio: e.9 chioramphenical gensazc);zine
Fat-solul?le : acﬂjlatlon, synthesis, storage(vitamins E,D,A, and K) clindamycin diazepam
Immunologic Funcions metronidazole meperidine .
Kupffer celi: population, Function : phagocytic protection, gut bacteria, propranolol lidocaine
toxins, particulate debris theophylline aminophylline |

Complement metabolism
Interleukin production

Copper : biliary excertion, lysosomal storage

Cholesteral : biliary excretion

Bleeding tendencies
Acholic(pale} feces
Melenic feces if bleeding

Bruising/bleeding tendencies
Brown to melenic fexes
Green fecfs : | stercobilin

ACQUIRED CONGENITAL .
Early Sings Mojor Bile Occlusion Secere hepatic Lnsufficiency Portosystemic Vascular Anomaly v
vomiting Ancrexia Anorexia Stunted body size &
Diarrhea/constipation Vomintion Vomintion Abnormal behavior : lethargic
Weight loss Diarrhea/consripation Diarrhea/consripation Diarrhea/constipation 5!
Pyrexia Weight loss Weight loss Weight loss j
Normal billrubinemia Pyrexia Pyrexia Pyrexia ]
Polyuria/ polydipsia Jaundice Within 72 hours Jaundice as disease advances No jaundice i
clear to yellow urine | Polydipsia Polydipsia/polydipsia Polyuria/ polydipsia :
Qrange urine Clear to orange urine Clear urine, urobilinogen “+”
Negative urobilinogen urobilinigen “+" Copper-colored iris (cat)

Nomal coagulation
Brown feces
Melena : hookworms. coccidia

Jepatomegaly Hepatomegaly (cat) Microhepatica

(firm. rounded borders) Nornal to microthepaticaldog) “Plump” kidneys i}
Palpable gallbladder(cat) Pytalism (cat) Ctyptorchid {dog)

gastroduodenal ulceration Gastroduodenal ulceration Gastrointestinal ulceration (rare}

If chronic: > 6 wk - ascites

If | albumin and portal hypertension

Potal hypertension : + ligation, AV fistula

Ascites Ascits rare unless hepatic AV fistula
Endema (rare in cat) Edema does not occur
Hepatic encephalopathy Hepatic encephalopathy

Stupor, lethargy, depression, pacing, head

pressing, rarely coma, seizures

Amaurosis, stupor, depresstion, head pressing,
pacing, aggression {esp, cat), ptyalism, seize

Hyperammoronemia with prolonged prodrome

Usually coincides with HE signs Hyperamminemia :
Ammoinum biurate crystalluria Usually coincides With HE signs !
Cystic/renal caculi Ammonium biurate crystalluria

Urinary tract obstruction

Cystic/renal calculi
Urinary tract obstruction : pollakiuria, hematuri

TR
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....... LIVER DISEASE
NEGETIE § HEPATICFUNGION | .
NOTROGEN .
BALANCE PORTAL
HYPERTENSION
toTE v
MUCOSAL .
TURNOVER 3 GASTRIC MUCOSAL 3
IRCULATI
\ CIRCULATION 1 GASTRIN
ALTERED PRODUCTION
MUCOSAL
BARRIER
o ‘gﬁ .
GASTRODUODENAL ULCERATION
PATHOPHYSIOLOGIC MECHANISMS LEADING TO GASTRODUDENAL
ULSERATION IN PATIENTS WITH HEPATOBILIARY DISEASE.

BV et shof) st aipknt z4n .1 Approach to the patient with Liver Disease
A Y E A AEA A. History / Physical Exam

B.7]% AA} B. Baseline Testing ;

1. Quke o 4 AHCBC) .CBC

2. FASSL AL 7F B4 ALP, GGT, ALT, AST 2. Biochemistry - Live Enzymes : ALP, GGT,
3. 4 ALT& AST |

4, 31¢ko] WEH FHANFeLV) 3. Urinalysis

5. 85 AR AA 4FLV

C.7t 715 AAr 5. Abdominalcéntesis ~

1. Serum bile acids C. Liver Function Test

2. Ammonia Tolerance Test
3. Total serum bilirubin

1.-Serum bile acids
2. Ammoina Tolerance Test

D. ¥ALA -3, Total serum bilirubin’
E. 7} &3} MRI, CCT D. Radiélogy i
E 7 37 E. Hepatic [Htrasonog:aphy - Mhi, CCT ‘
E LiverBiopsy ’ ;
i s i i

W&t QAL x| M37H M7E




HISTORY

Vague Signs

Weight Loss

Anorexia

Polyuria / Polydipsia
Vomiting

Diarrhea / Constipation
Lethargy

Pyrexia

Hepatomegaly
Microhepatica
Ascities / Edema
Neurobehavioral Signs

- Jaundice

PHYSICAL EXAM

PCV
RBC Morphology

4 pov Normal / § PCV
Spherocytes Poikilocytes
Autoagglutination Targer cells
Schistocytes Acanthocytes
Heinz Vodies

No evidence Hemolysis

MAJOR HEPATOBILIARY FUNCTIONS

& MCV = Consider Portosystemic Vascular Anomaly

CBC

Biochemical Profile =
Total Protein
Albumin / Globulin

tron Deficiency
RO : Chronic Blood Loss .
Poikilocysis = cammon association With liver disease

¥ e Eneymos : ALP, GGT, ALT.A aro.
B'C’“e\: nzymes : , GGT, +AST Hyperthyroidism cats : T4
Ei inductiondog * cortls
« Total Bilirubin 17Y106 InAuctiondog - Cosone

| anficonvulsants

Cholesterol Hypercholesterolemia : Major Bile Duct Occlusion. Diabetes Mellitus
Hypocholesterolemia : PSS, Cirrthosis, Liver Failure. Lymphangiectasia
Urine Bilirudin - ABNORMAL = hyperbilirubinemia in the cat
Glucosuria Ro diabetes Mellitus

. . Stress Hyperglycemia
d
Aodominocentesis Renal Tubular Glucosuria Hypoalbuminemia ?

) . . ) ion ?
Physicochemical & Cytologic Evaluation Pure Transudate : Portal Hypertension ?

Modified Transudate : — FIP 2

| HEMOL%

| PROBABLE LIBER Dz

Neoplasia ? !

ABNORMAL
2
COAGULATION TESTS

PT, APTT, ACT, FIBRINOGEN, FDPS

[ ABNORMAL | [ NORMAL ]
J

+ VITAMIN K1

VITAMIN K1
Fresh Bloas Transfusion

LIVER FUNCTION TESTS

Serum Bile Acids
Ammonia Tolerance Tests
Total Serum Bilirubin

HEPATIC ULTRASONONGRAPHY
(SELECT BIOPSY METHQOD : WEDGE, NEEDLE)

g B |

NOMAL

SYMPTOMATIC RX : WATCH & WAIT

: 5
RETEST 2 - 3 WEEK
BIOCHMICAL PROFILE & BILE ACIDE

LIVER BIOP ,
{ IVER BlOPY Jw ABNORMAL NORMAL
AEROBIC & ANAEROBIC CULTUEs | LIVER ENZYMES F]
CYTOLOGY & JISTOPATHOLOGY OR ABANDON BIOPSY PLANS
TISSUE, BILE, MASSES BILE ACIDS

B. GGT: Gauma Geutamyl transferase

1. Serum bile acid
2. Ammonia Tolerance Test
3. Total Serum Bilirubin

C.9AMA, 28}

C. ALT: Alamine Amino transferase
D. AST: Asporate Amino transferase

E. Triglycerides: 50 xeke 2431

B4

E Glucose: #7343} 7+e) ojAF& HAL St
G. Uric Acid: o2
H.BUN: 8 & 94384 %

I. ATT: Ammonia Tolerance Test

Glossary and Abbreviations (for Table #1)

A. ALP: Alkatine Phosphatase

J. LDH: Lactic Dehydrogenase

Clinical Wanagement of Common Liver Disease 417
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HISTORY and PHYSICAL
EXAMINATION

Lethargy
InappetenceCNS signsoral
changes

Palyun/polydipsia
Ptyatism(cat)

Jaundice

Hepatomegaly

Ascites =

Modified
transudate
or exduate
Liver
E, Insufficiency
Algorithm 20

abnormat

&
s Persistently s Liver disease semsssanly
d

Dr. Watson: “How absurdly simple!"
Sherlock Holmes: “Quite sol Every
problem becomes.childish once it is
explained to you. *-A. Conan Doyle. The
Adventures of the Dancing Men, Modified
from Meyer DJ. Center SA: A Approach
to the diagnosis of fiver disorders in dogs
and cats. Comp Corit inEduc Pract Vet.
1986:8:880-888. with permission,

“Link the components of this Algorithm to

URINALYSIS

4

Ammonium biurate crystals

(except Dalmations)

Bilirbinuria =
Glycosuria
Glucose
& 4
A d L 4
Liver Diabetes mellitus
L Insufficiency (icteric cat)
rule out rule out
Hyperinsulinism Stress {cat)
Hypoadrenocorticism
Sepsis

Total bilirubin
o Normal

L d

i

Radiology and
Ultrasonography

Liver di
rule out

Erythrocyte destruction

{ALT.AST.ALP.GGT)

rule out

Drug-stimulated{dog)
corticosteroid
exogenous
endogenous
anticonvalsant

Hypenhyroidism (cat)

Evaluate hemostasis
PTT (or ACT). PT.

Patient appears
clinically healthy

e

e

HEMOGRAM

4

(<64 fL.dog. except
Akita.<41 flL.cat)

POIKILOCYTES

(without icterus)

! 4

Congenital portosystemic
vascular anomaly

rule out

fron deficiency
(chronic blood loss)

%

Liver insufficiency
rule out

Protein-losing
nephropathy
enteropathy

&

Bile acid
Fasting ammonia or
ammonia tolerance test
Radiology. ultrasonography

4b If not suggestive If suggestive of Liver insufficiency
of extrahepatic extrahepatic M rule out
obstruction obstruction. then
evaluate Diuresisl
hemostasis Polydipsia
and laparotomy Fluid therapy
t Liver enzymes gz | Liver function test

—

platelet count

+

Abnormal

Vitanim Ki(SQ)

Remain abnormal

Marked 1 in Transfusion
ALT and AST {iresh blood «
with mild 1 or plasma)

in ALP

Supportive treatment

and reassessment

&

Normal

Monitor palient
reassess liver
enzymes

4

Persrtent { liver
enzymes

poriovenography.
ultrasonography
if congenital
portosysiemic
shunt suspecied

List4-9ALE| K| R37H 73
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Test Units Canine Feline Equine Bovine Porcine Ovine
RBC X 10°/uf) 54-78 5.8-10.7 6.4-10.0 5.0-100 5.0-80 8.0-15.0
Hemoglobin g/dl 13-19 9-15 1117 815 10-18 8-16
Het % 37-54 3047 32-47 24-46 33-50 24-49
MGV /] 62-74 41-51 43-54 3751 50-67 23-48
MCHC g/dd 32-36 31-35 34-37 33-37 30-34 31-34
MCH pg 22-27 13-18 15-19 13-18 1721 812
RDW % 12-15 14-19 18-22 16-24
Platelets X 10/l 1643 3-8 1-2.7 273 28 38
MPV 1 6.7-11.1 ND 4673 45867
Fibrinogen mg/dd 100-400 100-300 100-500 200-700 100-500 100-500
Leterus index units <5 <5 525 0-20 <5 <5.
Plasma Protein g/dd 6.0-7.8 6.2-8.0 6.1-8.0 7.0-85 6.0-8.0 6.0-7.5
Reticulocytes X 10%ud <80 <30.agg 0 0 <70 0
<500 punc
WBC X 101 6.0-17.0 55-195 5.2-13.9 4.0-12.0 10-22 40-12.0
Bands X 10/l 0-0.3 0-0.3 0-0.1 0-0.12
Segmented X 107l 30.-115 25125 2274 0.6-4.0 3.2-10.0 1.0-5.0
Lymphocytes X 10%u8 1.0-4.8 1.57.0 1153 2575 44135 2.0-90
Monocytes X 10%f) 0.15-0.135 0-0.85 009 0.03-0.8 0.2-22 0-0.75
Eosinophils X 108 0.1-1.25 0-1.5 0-06 0-24 0.2-2.0 0.1-0.75
Basophils X 10%uf <0.1 <0.1 <0.3 <0.2 Rare Rare
Erythrocyte morphology*
1+ 2+ 3+ 4+

Anisocytosis 7-154 1620 2129 >30

Canine 58 91 1620 >20

Feline 10-20 21-30 31-40 40

Bovine 1-3 46 7-10 >10

Equine

Polychromasia

Canine

Feline

Bovine

Equine

Hypochromasia (all species)

Poikilocytosis (all species)

Codocytes (canine only)

Spherocytes (all species)

Echinocytes (all species)

Acanthocytes. schistocytes (all species)

“From the Veterinary Teaching Hospital-University of Florida.
“ Platelet counts determined electronically for all species except the cat. Reference range for canine platelet count determined by
manual method is 2 - 5 x 107/ .
“Weiss DJ : Uniform evaluation and semiquantitative reporting of hematologic data in veterinary laboratories. vet Clin Pathol 1984;

13:27

“Number of affected cells / 1000 x microscopic field.

tietQIALSIR] M37# X753




TABLE 4.

| Test

| Ammonia

{ ALP

{ALP

AST

. Amylase

: Anion gap

| Bile acid-fast
| Postprandial
Gilirubin(total)
Calcium

CO:

Chloride
Cholesterol
Cholinesterase
Cortisol(basal)
CK(CPK)
Creatinine
Folate

GGT
Glucose

Iron

Lipase
Magnesium
Osmolality

i Phosphorus,
inorganic

Potassium

Protein(total)
Albumin

. Globulin

Sodium

SD(SDH)

T

T2

T4 (free)

Tu

Triglycerides
Urea nitrogen

Units
umol/L
UiL
UL
UL
UL
mEg/L

mol/L
umol/L
mg/dL
mg/dL
mEg/L
mEg/L

mg/dL
UL
ug/dL
UL
mg/dL
pg/dL

uL
mg/dL
ug/dL
uL
mEg/L
mOsm/kg

mg/dL

mEg/L
g/dL
g/dL
g/dL

mEq/L
UL

ng/dL
ug/dL
ng/dL
ug/dL
mg/dL
mg/dL

Canine

0-40
10-78
15-58
16-43

510-1864
11-26

<5
<15
0.1-0.3
9.0-10.8
20-27
110-118

108-266
1347-2269
1.0-6.8
40-254
0.5-14
7.5-17.5

1-5
77-120
84-233
13-200
12-2.0

291-315

2.4-6.1

4.2-56
5.4-71

2.5-3.6
24-40
145-153
2.9-8.2

85-250
1.2-3.0
0.7-3.3
5-35
20-112
7-25

Feline

0-40
15-92
30-100
12-56
365-948
13-24

<2
<15
0.1-0.2
7.4-10.5
15-25
116-125

38-186
1000-2000
0.3-2.6
59-527
0.7-1.8
13.4-38

0-2
58-120
65-233

0-83
1.5-35
292-356

2.6-7.9

4.0-5.3
5.7-7.9
2.3-34
2.6-4.5
151-158
3.9-7.7

85-250
1.2-3.0

10-114
18-33

Equine

0-40
102-257
4-12
152-294
9-34
7-16

<15

0.5-2.1
10.6-13.0

26-35

97-104

50-143

113-333
1.0-1.9

9-25
76-127
74-209

1.3-2.0
282-302

2.0-4.3

2.4-5.2
55-7.3
2.7-4.2
2.1-3.8
136-142
1.9-5.8

4-44
12-26

Bovine

29-99
17-37
48-100
12-107
12-22

See text

0.1-0.3
7.9-10.0

24-34

94-104

87-254

44-228
0.7-1.1

20-48
37-71
57-162

1.4-2.3

4.6-9.0

4.0-5.3
59-7.7
2.7-4.3
2.5-4.1
136-144
43-153

0-14
10-26

Reference Intervals for Serum Chemistry for Adult Animals”

Porcine

26-362
32-84
9-113

0.1-0.2
8-12
18-26

100-105

36-54

1.0-2.7

65-95
91-199

5.3-9.6

4.9-7.1
7.0-8.9
1.9-3.3
5.3-6.4
139-152
1-6

8-24

Ovine

68-387
60-84
98-278

0.1-0.4

10.4-13
21-28

98-115

50-140

1.2-1.9

50-80
166-222

5.0-7.3

4.0-6.0
6.0-7.9
2.4-3.9
3.5-5.7
136-154
6-28

18-31

“From the Veterinary Teaching Hospital-University of Florida, with permission.
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