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Cirrhosis of the liver accounts for approxi-
mately 30,000 deaths annually in the United 
States. In addition, many patients die of acute 
hepatic failure. Approximately one third of all 
deaths f rom liver disease are directly related to 
hepatic insufficiency. Hepatic coma is fre-
quently the end stage of progressive hepatic 
insufficiency. Despite abundant reports on clin-
ical and experimental findings, the cause of 
hepatic coma is still only partially understood. 
The reason for this can be traced back to a lack 
of knowledge of the total scope of liver func-
tion, leading to a limited understanding of 
hepatic failure. 

T o develop effective hepatic support systems, 
the establishment of good animal models of 
hepatic failure has been the goal of many inves-
tigators. Various methods have been conceived, 
tried, and evaluated. These models can be clas-
sified into two main groups: d rug induced or 
surgically induced. 

One factor of critical importance in establish-
ing animal models is that the pathologic situa-
tions must be well controlled and comparable 
to clinical disease states. T h e models must be 
critically reproducible to eliminate possible 
false-negative or false-positive results. Drug-in-
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duced hepatic necrosis by C C I 4 , 1 an-
esthetic agents,2 dimethylnitrosa-
mine,3 '4 and yellow phosphorus5 has 
many disadvantages, such as low re-
producibility and the possible in-
volvement of other organs. For this 
reason, drug-induced hepatic insuf-
ficiency has been abandoned. 

Surgical procedures used to induce 
hepatic failure should be as simple as 
possible, reproducible, and should 
produce varying types of liver cell 
damage and failure. Three surgical 
procedures have been selected for 
use in our studies of hepatic failure: 
(1) total hepatectomy —complete loss 
of hepatic function, (2) hepatic blood 
deprivation — progressive hepatic cel-
lular deterioration, and (3) biliary ob-
struction — loss of the excretory path-
way. 

T h e different types of pathophysi-
ologic procedures performed in 
these animals with their consequent 
effects have provided us with addi-
tional information on hepatic failure 
and have led to a better understand-
ing of the mechanisms involved. 

Materials and methods 

Twelve male mongrel dogs, each 
weighing 15 to 20 kg, were used. 
Before surgery they were fasted 
overnight. Four dogs were assigned 
to each of three groups. Anesthesia 
was induced with thiamylal sodium 
and maintained with gas mixtures of 
oxygen, nitrous oxide, and halothane 
(Fluothane). A total of 15 to 20 mg/ 
kg of thiamylal sodium was adminis-
tered intravenously. After intuba-
tion, using a 40F Lanz endotracheal 
tube, respiration was controlled with 
a respirator. A gas mixture of 30% 
to 50% nitrous oxide with 1% halo-
thane was administered. These anes-
thetic gas mixtures were discontin-

ued before the end of the surgical 
procedures; in operations to create 
anhepatic and ischemic models, hal-
othane was discontinued before the 
start of the portacaval anastomosis. 
The endotracheal tube was removed 
after spontaneous respiration was 
complete, when the animal started 
chewing the tube. After the induc-
tion of anesthesia, an intravenous 
catheter for transfusion and blood 
sampling was inserted into the femo-
ral vein. In the case of anhepatic 
animals, a catheter for monitoring 
systemic pressure was also placed in 
the femoral artery. The animal was 
placed in the supine position with a 
pillow under its back. T h e surgical 
area was prepared and draped. The 
abdominal cavity was entered by a 
midline incision f rom just under the 
xyphoid process. 

Anhepatic model. A one-stage to-
tal hepatectomy, followed by an end-
to-side portacaval anastomosis was 
per formed. The inferior vena cava 
anastomotic site was isolated, and the 
portal vein was dissected f rom its 
junction with the splenic vein to the 
hepatic branches, cutting off the pan-
creatoduodenal vein. T h e inferior 
vena cava was partially occluded with 
a Satinsky vascular clamp, and an 
opening was made by removing a 
segment of its wall. T h e portal vein 
was divided between a tie and a 
clamp. An end-to-side portacaval 
anastomosis was performed by con-
tinuous sutures with 6-0 prolene. The 
liver was then mobilized downward 
by dissection of its phrenic attach-
ment, cutting both phrenic arteries. 
The minor omentum was tied en 
masse, including the hepatic artery 
and the common bile duct, and 
sharply divided. Each lobe of the 
liver was individually removed by ap-
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plying large clamps close to its junc-
tion with the inferior vena cava, 
sharp dissection, and mass ligation 
with silk. To avoid hypoglycemic 
shock, which develops approximately 
6 hours postoperatively,6 glucose, 
0.25 g/kg of body weight/hr, was ad-
ministered intravenously. No single 
electrolyte solution was given consis-
tently. T o suppress the growth of 
anaerobic organisms, 1 g cephalothin 
sodium was injected intravenously 
every 6 hours postoperatively. The 
patency of the portacaval anastomo-
sis was confirmed at autopsy. 

Ischemic model. Both triangular 
ligaments, including the phrenic ar-
teries, were ligated and divided. An 
end-to-side portacaval anastomosis 
was then performed in the same 
manner as in the anhepatic models. 
Mean portal occlusion time was 11.3 
± 1 . 5 minutes. After completion of 
the portacaval anastomosis, the com-
mon hepatic artery was isolated f rom 
the hepatoduodenal ligament and 
surrounding nerves. A silk ligature 
was placed around the common he-
patic artery and passed through a 
vinyl tube, 3 mm inside diameter and 
15 cm in length. This tube was 
guided outside through the incision 
and fixed to the peritoneum. By pull-
ing this suture f rom the outside of 
the body, the hepatic artery was oc-
cluded the same day, and 2 and 6 
days after the portacaval anastomo-
sis, without anesthesia. A 50% dex-
trose solution, 200 to 300 ml, was 
administered intravenously to avoid 
death due to hypoglycemia.7 No elec-
trolyte solutions were given after li-
gation of the common hepatic artery. 
Cephalothin sodium was injected, 2 
g/day, after the portacaval anasto-
mosis and 1 g/6 hr after ligation of 
the common hepatic artery to sup-
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press the overgrowth of anaerobic 
organisms in the dearterialized liver.8 

Patency of the portacaval anastomo-
sis and complete occlusion of the he-
patic artery were confirmed at au-
topsy. 

Jaundiced model. The gallbladder 
was removed f rom the fundic portion 
toward the cystic duct. The cystic 
duct was transfixed and ligated. The 
common bile duct was isolated f rom 
the hepatoduodenal ligament, li-
gated, and divided as near as possible 
to the duodenum. One gram of ceph-
alothin sodium was administered 4 
days postoperatively. 

Laboratory studies included the 
following: blood gas analysis (p0 2 , 
p C 0 2 , and pH measured on the IL-
513 blood gas analyzer); hematology 
(RBC analyzed with automatic ana-
lyzer Model S, Coulter Co.; WBC 
and platelets visually counted); blood 
chemistry (SMA-18 Autoanalyzer, 
Technicon Inst. Co.); ammonia ni-
trogen (Berthelot reaction); amino 
acids (multisample amino acid ana-
lyzer, Technicon Inst. Co.); f ree fatty 
acid (modification of Antonis' proce-
dure); fibrinogen (monochloroacetic 
acid reaction). 

Results 

Anhepatic model. These four ani-
mals survived 26,17,17, and 11 hours 
respectively after completion of total 
hepatectomy. T h e average time of 
anesthesia and operation in the four 
dogs was 3.8 ± 0.4 and 2.6 ± 0.1 
hours. All four dogs had similar post-
operative courses. After recovery 
f rom anesthesia, they lifted their 
heads, moved their paws, and 
showed good response to sound and 
pain stimulations; their response to 
stimulation gradually became weak, 
and the animals went into coma. 
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Coma began about 9 hours after 
hepatectomy. They vomited gastric 
contents and later, coffee-groundlike 
material. The dogs had running 
movements with their f ront legs, 
spastic motions of the body, and 
clonic convulsions. Breathing was 
shallow and fast but became deep 
and slow before death. Systolic blood 
pressure was well maintained for the 
first 6 hours, then declined gradually 
(75 mm Hg) at 7 to 12 hours after 
hepatectomy. The pulse rate was ini-
tially high (140-170/min) but de-
creased (60-70/min) before death. 
Respiratory rate was also high, some-
times over 60/min but decreased to 
about 20/min. The animals became 
oliguric and then anuric 4 to 5 hours 
before death, although liquid trans-
fusions were continued throughout . 
Average biochemical parameters of 
the anhepatic models after comple-
tion of the hepatectomy and before 
death are listed in Table 1. In the 
end stage of coma, severe acidosis 
and hypercapnea were suggested, al-
though P 0 2 levels were maintained 
consistently. During coma, respira-
tory alkalosis due to hyperventilation 
was remarkable, whereas arterial pH 
decreased continuously. All blood 
cell components decreased gradually, 

reaching low levels in the end stage. 
Serum sodium and chloride levels 
decreased; in contrast, potassium lev-
els increased. Total protein, albumin 
and fibrinogen reduced gradually 
with similar tendencies. Liver func-
tion tests, such as total bilirubin, al-
kaline phosphatase, and serum glu-
tamic oxaloacetic transaminase 
(SGOT) increased to maximum levels 
8 hours after hepatectomy, then lev-
eled off; increments were not re-
markable. Cholesterol and blood 
urea nitrogen (BUN) levels declined 
rapidly after hepatectomy; the BUN 
became negligible 11 hours after sur-
gery. Conversely, creatinine and uric 
acid levels increased. Levels of am-
monia and free fatty acids increased 
remarkably. Analysis of amino acids 
indicated the slight decrease of 
branched-chain amino acids: leucine, 
isoleucine, and valine (Fig. 1). Phen-
ylalanine and tyrosine in aromatic 
amino acids increased moderately. 
Among the nonessential amino acids, 
glutamic acid, glycine, and histidine 
increased remarkably, while methio-
nine levels tended to decrease. Glu-
tamine, lysine, alanine, aspartic acid, 
threonine, and serine levels indicated 
no great changes. 

Ischemic model. Four dogs were 

Table 1. Average biochemical changes of the anhepatic models 

Laboratory 
values Initial value* Final value Laboratory values Initial value* Final value 

0.5 : 
45 : 

0.4 : 
102 : 

: 0.2 
: 15 
:0.2 
: 28 

772 ± 468 
48 ± 3 

Arterial pH 7.37 ± 0.11 7.03 ± 0.06 Albumin, g/dl 
PO2, mmHg 97.8 ± 0.3 95.5 ± 9.0 Fibrinogen, mg/dl 
PCO2, mmHg 36.5 ± 4.7 54.3 ± 4.7 Total bilirubin, mg/dl 
RBC, X 106 5.95 ± 0.64 2.00 ± 0.85 Alkaline phosphatase, mU/ 

ml 
Hematocrit, % 39.7 ± 3.1 15.0 ± 4.2 SGOT, mU/ml 
WBC, X 10» 7.4 ± 0.9 4.0 ± 1.8 Cholesterol, mg/dl 
Platelet, X 104 12.7 ± 0.6 8.3 ± 3.1 BUN, mg/dl 
Na, mEq/liter 143 ± 3 95 ± 22 Creatinine, mg/dl 
K, mEq/liter 4.2 ± 0.4 5.1 ± 0.8 Uric acid, mg/dl 
CI, mEq/liter 109 ± 4 71 ± 20 Ammonia, fig/dl 
Total protein, 5.8 ± 0.5 1.7 ± 0.4 Free fatty acid, /umoles/li-

g /dl ter 

* Initial value: obtained after completion of the total hepatectomy. 

3.0 ± 0.3 
270 ± 48 
0.2 + 0.0 
54 ± 7 

87 ± 11 
166 + 43 

14 ± 1 
0.9 ± 0.1 
0.4 ± 0.1 
132 ± 59 

0.216 ± 0.054 

0 
1.6 : 
4.9 : 

1012 : 
0.910 : 

0.5 
1.4 
526 
0.161 
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operated on to create ischemic he-
patic fai lure. T h e procedure con-
sisted of two parts: first, portacaval 
anastomosis and second, occlusion of 
the common hepatic artery (Table 2). 

All animals except Dog 3 subse-
quently went into hepatic coma and 
died. T h e common hepatic artery of 
Dog 3 was occluded 48 hours a f te r 
portacaval anastomosis, but the ani-
mal did not go into coma. T h e r e f o r e , 
a week af ter the second procedure , 

l ivers. B r a n c h e d - c h a i n a m i n o acids ( l euc ine , 
i so leucine a n d valine) d e c r e a s e d . T h e o t h e r 
a m i n o acids i n c r e a s e d in b o t h a n h e p a t i c a n d 
ischemic m o d e l s ; t h e r a t e of inc rease was m o r e 
r e m a r k a b l e in i schemic m o d e l s . 

the p rope r hepatic artery was ligated, 
and the animal died in coma 18 hours 
af ter the last operat ion. Some rela-
tionship between time intervals of the 
portacaval anastomosis and hepatic 
artery ligation and survival time and 
liver weight at autopsy is apparen t . 
T h e longer the dura t ion of first and 
second operat ions, the longer the an-
imal seemed to survive and the 
lighter the weight of the liver. T h e 
average biochemical data on these 
four dogs preoperatively, 48 hours 
af ter portacaval anastomosis, and be-
fore dea th , a f te r the ligation of the 
hepatic artery, are shown in Table 3. 

Biochemical data 48 hours af ter 
the portacaval anastomosis showed 
no great changes compared to data 
in the preoperat ive period except for 
liver function tests. Changes of data 
af ter ligation of the hepatic artery 
indicated almost the same tendencies 
as those of the anhepatic model to a 
smaller degree , except for liver func-
tion tests. T h e amino acid analysis 
showed that changes of branched-
chain amino acids were not signifi-
cant, but those of o ther amino acids 
listed in Figure 1 were remarkable . 
Compared to the anhepatic model , 
the ischemic model showed increas-

Table 2. Relationship between surgical procedures and survival time, onset 
time of coma and liver weight in ischemic dogs 

Duration between 
PCA and ligation Survival time after Onset time of coma Liver weight at au-

Ischemic model of CHA last procedure after last procedure topsy, g 

1 0 ( s ame t ime) 16 h r 7 h r 1100 

2 48 h r 18 h r 12 h r 800 

3 48 h r 
(6 days)* 18 h r 

N o c o m a 
14 h r 380 

4 6 days 38 h r 35 h r 600 

P C A = p o r t a c a v a l a n a s t o m o s i s ; C H A = c o m m o n h e p a t i c a r t e r y . 
* T h i s a n i m a l h a d t h e t h i r d o p e r a t i o n , l iga t ion of t h e p r o p e r h e p a t i c a r t e r y , 6 d a y s a f t e r l iga t ion of 
t h e c o m m o n h e p a t i c a r t e r y . 

require permission.
 on July 15, 2025. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


176 Cleveland Clinic Quarterly Vol. 44, No. 3 ' 

S3 2"® ì 
« 

v 130 c ,, 
<5 t. S fa 
v w o fi, 

P9 £ <-> 

< 
OH 

ci I- 3 <u 0. ? 

- o , 

4> .2 - . 
^ 3 g 
<u be g — « 

^ e 
4J (Ti O 

CQ 

: 00 • io — • • CO • o c o o - j w w o - ^ o 
+1 +1 +1 +1 8 +1 +1 +1 +1 +1 +1 
• • to oo • <5 ÌO 

w un __ -H m — w 
. i f ) . io —. —i . . O O O O h j N o f l O O - O 

+1 +1 +1 +1 £ +1 +1 +1 +1 +1 +1 t O O c c e o A w i N f f i M X J O oo • cm t^-H^—rooCT» w « ® ^ -N o o io 

o o oo o 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
« f iOWOtOMOO-Hif iOOi 
w « o ^ o co 

E 
D 
B 

^ & 
"Se _ 

^ E « 
"Se --S — * 

5 B i l l e 
a e - a s - g ^ - u fa a p 

.S S a 6 

S f f £ H 
3 'C « « O u , . _ 

5 bè _ e tx> . e v -C 13 •! 

0 
s 
a. 

5 . « 
<=»2 

e u 

3 £ < ta. 
—; 0 0 ( 0 N y j I > 
O < 0 H 0 f ) n i i J O f f > H ( M H 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

o — c ^ i m c ^ o o o o o o — ' O 
+ 1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
i n o o o t q ^ i f l f l ' w q a J O 
l O H H f 

1 ^ r- oo co 

co 
O O O - ^ G O — © o o o o © 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
c^eo — r - o o c o o o o i n o — 
" H t ò i n c i J S J i S ' w S a i o n t o 
CO _ ^ 

j 2 S t § 
' E x - " -

* 2 { W r T u a 
o S - E S - S E 6 

« 5 £ Ji .3 <? - — « 

5 5. bc— 
C rt . o 
a. h 

ingly greater degrees of amino acid 
level. 

Jaundiced model. Four dogs were 
operated on to induce obstructive 
jaundice. T h e animals survived for 
5, 5, 7, and 17 weeks after surgery 
respectively (Table 4). Dog 1 died 37 
days after surgery of severe liver ab-
scesses combined with renal failure. 
At autopsy, complete necrosis of the 
liver and pus were found instead of 
normal liver tissue. Dog 2 died of 
pneumonia 39 days after surgery. 
Dog 3 died of gastric bleeding 7 
weeks after the procedure. At au-
topsy multiple hemorrhagic erosions 
were found in the stomach. Dog 4 
survived 17 weeks after the surgery; 
the cause of death was hepatic failure 
f rom biliary cirrhosis. 

Figure 2 indicates by graph the 
principal biochemical alterations of 
the four dogs. Serum albumin levels 
decreased gradually, although total 
proteins were maintained. 

Total bilirubin reached maximum 
levels at 1 week after the surgery, 
then leveled off . Alkaline phospha-
tase levels remained at a high level, 
over 3500 mU/ml for 6 weeks after 
surgery, then gradually decreased. 
SGOT and cholesterol values in-
creased to maximum levels in 1 or 2 
weeks, then decreased. Ammonia 
levels tended to increase, and all 
these levels before death were over 
400 mg/dl. Free fatty acid levels 
showed some tendency to increase, 
but they indicated great variations. 
Amino acids were analyzed, but they 
showed great variations in each case; 
therefore, no constant trends could 
be obtained. 

Discussion 

Hepatic coma is frequently the end 
stage of progressive hepatic insuffi-
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Table 4. Summary of the four jaundiced animal models 

Survival 
Dog time Cause of death Principal laboratory findings before death 

N o . 1 37 days Liver abscess with 
r e n a l f a i l u r e 

W B C 59,000, fibrinogen 720 m g / d l , total b i l i rubin 18.5 
m g / d l , S G O T 290 m U / m l , a lkal ine p h o s p h a t a s e >3500 
m U / m l , B U N 80 m g / d l , c r ea t i n ine 720 m g / d l 

N o . 2 39 days P n e u m o n i a W B C 28,000, f i b r i n o g e n 230 m g / d l , total b i l i rubin 9.2 
m g / d l , S G O T 140 m U / m l , a lkal ine p h o s p h a t a s e >3500 
m U / m l , a m m o n i a 520 /xg/dl 

N o . 3 7 weeks Gastr ic b l eed ing H e m o g l o b i n 9.5 g , A / G ra t io 0.4, f i b r i n o g e n 520 m g / d l , 
total b i l i rubin 13.8 m g / d l , S G O T 240 m U / m l , a lkal ine 
p h o s p h a t a s e 1790 m U / m l , B U N 58 m g / d l , a m m o n i a 
460 pig/dl 

N o . 4 17 weeks Liver f a i lu re A / G ra t io 0.3, to ta l b i l i rub in 3 m g / d l , S G O T 70 m U / m l , 
alkal ine p h o s p h a t a s e 1370 m U / m l , a m m o n i a 420 jug/dl, 
f r e e fat ty acid 1.07 ¿¿mole/liter 

F ig . 2. Biochemical a l te ra t ions of f o u r j a u n d i c e d dogs . C h a n g e s var ied in acco rdance with t h e 
cause of d e a t h . D o g 1 = . . . . ; d o g 2 = ; d o g 3 = ; d o g 4 = 

ciency and is defined as a disorder of 
consciousness with increased or de-
creased psychomotor activity occur-
ring in patients with severe liver dis-
ease. 

Establishment of good animal 
models of hepatic failure has proved 
to be difficult for many investigators. 
The first model of hepatic failure 
was that of the anhepatic animal orig-
inated by Mann,9 in which total hep-
atectomy was per formed by a two-

stage procedure . This technique was 
recently simplified by subsequent in-
vestigators to a one-stage procedure.4 

To study the metabolic and hemody-
namic aspects of total hepatic failure, 
this animal model is highly signifi-
cant. 

T h e animal model of ischemic liver 
failure was first described by Rappa-
port et al,1 and Giges et al.8 These 
investigators produced hepatic coma 
in dogs by a two-stage procedure in 
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which permanent hepatic artery liga-
tion was per formed some days after 
a portacaval shunt. The significance 
of this animal model and its simi-
larity to hepatic coma in man was 
proved subsequently by other inves-
tigators.5' 1 0 , 1 1 

These two types of surgically cre-
ated liver failure in animal models, 
complete loss of hepatic function and 
progressive (ischemic) hepatocellular 
deterioration produced acute and 
complete hepatic failure. In our ex-
periments, all dogs died of hepatic 
coma. Total hepatectomy was per-
formed by a modification of the tech-
nique of Starzl et al.4 Coma and 
death ensued in 11 to 26 hours. Dif-
ferences in survival time seemed to 
depend upon the volume of intraab-
dominal bleeding caused by progres-
sion of a hemorrhagic diathesis af ter 
the hepatectomy. 

In the ischemic liver failure group, 
the longer the duration between the 
first and second surgical procedures, 
the longer the animals seemed to 
survive and the lighter the weights 
of the livers. In our experiments he-
patic coma developed in all animals 
except one . According to the reports 
of Mattson and Turcotte,10 only 25% 
of dogs with 96-hour intervals be-
tween portacaval shunt and hepatic 
artery ligation became comatose; all 
dogs with 24- to 48-hour intervals 
died in coma. Giges et al8 reported 
that only 8% of dogs became coma-
tose if the interval was 4 days or 
longer. In Rappaport 's1 studies, the 
variation in survival was imposed by 
a varying arterial collateral flow. Hol-
per et al12 pointed out that after a 
certain ischemic period, survival or 
nonsurvival depended on the reticu-
loendothelial system in the liver. 

Terminal biochemical changes of 

Vol. 44, No. 3 ' 

these two types of animal models 
indicated many similarities to hepatic 
coma in man . The degree of bio-
chemical changes, except for liver 
function tests and amino acid analy-
sis, were more extreme in the anhe-
patic model than in the ischemic 
model. Serum albumin is synthesized 
in the microsome of the liver; a x , a 2 , 
and (3 globulin are synthesized pre-
dominantly in the liver (90%, 75%, 
and 50% respectively).2 In the termi-
nal stages of hepatic failure, serum 
protein levels were sharply de-
creased; liver function tests (biliru-
bin, SGOT, and alkaline phosphatase 
levels) were increased. Royer et al13 

suggested that the spleen, intestine, 
and kidney may be the site of biliru-
bin formation and conjugation in the 
hepatectomized animal. Ammonia, 
which is produced f rom the deamin-
ization of amino acids, is metabolized 
to urea by the Krebs-Henseleit cycle 
in the liver. In hepatic coma, blood 
ammonia concentrations were ele-
vated, but a good correlation with 
clinical status was not evident.14 Am-
monia is still considered to be the 
most important pathogenic factor in-
ducing hepatic coma, but the mecha-
nism that causes brain toxicity is still 
only partially understood. Zieve et 
al15 studied the synergism between 
ammonia and fatty acids in the pro-
duction of coma. For each of these 
substances, the blood level associated 
with coma is substantially lowered 
when both are present. In hepatic 
failure, f ree fatty acids are increased 
in the bloodstream; short chain fatty 
acids are considered important fac-
tors in inducing hepatic coma. 

In animal models, changes in 
amino acids are similar to those of 
human hepatic failure.16-18 Branched-
chain amino acids decreased in the 
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anhepatic models; there were no sig-
nificant changes in the ischemic 
models. Other amino acids, aromatic 
amino acids, nonessential amino 
acids, and essential amino acids were 
increased in both anhepatic and is-
chemic models of liver failure. In 
many theories for the pathogenesis 
of hepatic encephalopathy, false neu-
rotransmitters, principally octopa-
mine, have been considered impor-
tant. Levels of phenylalanine and ty-
rosine are increased in both plasma 
and brain tissue of humans and ani-
mals.7 ,19 ,20 Phenylalanine and tyro-
sine may accumulate and be synthe-
sized into tyramine and octopamine;21 

serum and urine octopamine levels 
parallel the mental state.22 Fischer 
and Baldessarini23 suggested that oc-
topamine competes with the normal 
central neurotransmitter , dopamine, 
for uptake and release, hence leading 
to encephalopathy. 

Compared to the anhepatic and 
ischemic causes of acute hepatic fail-
ure, obstructive jaundice has differ-
ent aspects. The causes of death in 
patients with obstructive jaundice in-
clude hepatic failure as well as renal 
failure and gastrointestinal bleeding. 
However, patients who die f rom he-
patic failure usually do not show the 
massive hepatic cell necrosis fre-
quently seen in patients with acute 
hepatic failure. In our studies and 
biochemical tests, hepatic cell necro-
sis was not observed; the reduction 
of serum proteins was not remarka-
ble; the maximum SGOT levels were 
all under 600 units/ml; and there was 
no reduction of urea synthesis. In-
creases of bilirubin, alkaline phos-
phatase and cholesterol resulted 
f rom cholestasis. Blood ammonia lev-
els were maintained with moderately 
elevated values 4 weeks after biliary 
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obstruction. Free fatty acid levels 
showed variable tendencies up to 4 
weeks after surgery, then the levels 
became uniformly high. From these 
studies, deterioration of the convert-
ing ability of ammonia and free fatty 
acid in the liver is suggested in the 
later stages of biliary obstruction 
when cirrhotic changes occur. T h e 
clinical and biochemical changes in 
the later stages of biliary obstruction 
were strongly influenced by the 
mode of death of the animals. 

T h e procedures we have per-
formed in these animals, total hepa-
tectomy, hepatic blood vessel depri-
vation, and biliary obstruction, with 
their consequent effects, have pro-
vided additional information on un-
derstanding hepatic failure. The clin-
ical course and biochemical changes 
associated with these animal models 
suggest that they closely resemble he-
patic failure in humans. These ani-
mal models will, therefore, aid us in 
evaluating hepatic assist devices and 
in completing fu ture studies, now 
planned, on extracorporeal meta-
bolic hepatic assistance for support 
of the animal (or patient) with he-
patic failure. 

Summary 

Three types of hepatic failure were 
surgically induced in dogs: anhe-
patic, ischemic, and jaundiced 
models. Postoperative survival, the 
clinical course, and biochemical ab-
normalities were studied. 

Anhepatic dogs showed high re-
producibility in clinical and biochem-
ical changes. Models with ischemic 
livers showed different survival times 
related to the time interval between 
the portacaval anastomosis and he-
patic artery ligation. However, clini-
cal and biochemical changes were re-
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producible. All dogs died of hepatic 
coma. Jaundiced animal models had 
differing causes of death, an obser-
vation frequently found in patients 
with obstructive jaundice. T h e clini-
cal and biochemical changes in late 
stages were, therefore, different , ac-
cording to the cause of death. 

The clinical course and biochemi-
cal changes associated with these ani-
mal models of hepatic insufficiency 
suggest that they closely resemble he-
patic insufficiency in humans. 
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