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After  reproduct ion  of acute hepat ic  f a i lu re  in dogs by two-s tage  devascu la r i za t ion  of the 
l i ve r  (Eek 's  f i s tu la  followed by l igation of the hepatic a r t e ry )  the dynamics  of the bIood b io-  
c h e m i s t r y  and l ive r  function was studied. The r e su l t s  indicate that d i s turbances  of in te r -  
media te  m e t a b o l i s m  p recede  the encephalopathy and s e v e r e  c i r c u l a t o r y  changes in the body 
and also accompany  t h e m .  
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Despi te  many investigations of hepatic coma,  there  is no un iversa l ly  accepted  view on the ro le  of b io -  
chemica l  d i s tu rbances  in its pa thogenes is .  Bes ides  exper imenta l  evidence of a connect ion between tes ions  
in ce r t a in  organs  and s y s t e m s  in coma and changes in in te rmedia te  m e t a b o l i s m  [1, 4, 6], there  a r e  o ther  
observa t ions  pointing to the absence  of any such connection [5, 7, 9]. 

The object of this invest igat ion was to de t e rmine  the degree  of b iochemica l  changes in the blood and 
the i r  co r r e l a t i on  with functional d i s tu rbances  in an imals  with exper imen ta l  hepatic coma.  

E X P E R I M E N T A L  M E T H O D  

Hepat ic  coma  was produced in dogs (15-25 kg) by two-s t age  devascu la r i za t ion  of the l i ve r  [8, 10]: un- 
de r  genera l  anes thes ia  [3]. As a f i r s t  s tep  a midl ine l apa ro tomy was pe r fo rmed ,  a s ide to s ide por tocaval  
anas tomos i s  was fo rmed ,  and the por ta l  vein was l igated at the hi lus  of the l i ve r  (Eck 's  f is tu laL The s e c -  
ond s tage  of the opera t ion was to l igate  the hepatic and gas t ro -duodeaa l  a r t e r i e s ,  and this was p e r f o r m e d  
48 h la ter .  A continuous intravenous infusion of 25% glucose solution at the r a t e  of 0.25-0.5 g /kg/h  was  
given to the an imals  in the pos tope ra t ive  per iod until death. The sy s t ema t i c  a r t e r i a l  p r e s s u r e ,  cen t ra l  
venous p r e s s u r e ,  EDG, and EEG were  r eco rded  ( four-channel  ink-wri t ing encephalograph) .  The concen-  
t ra t ions  of ammonia ,  bi l i rubin,  po tass ium,  and lact ic  and pyruvic  acids in the blood, ,the pH o f  the blood, 
and act ivi ty of the enzymes  alanine a m i n o t r a n s f e r a s e  (ALAT) and a s p a r t a t e  a m i n o t r a n s f e r a s e  (ASAT) were  
de te rmined  [2]. 

The de te rmina t ions  were  made be fo re  and a f t e r  fo rmat ion  of the Eck ' s  f is tu la  and eve ry  6 h a f te r  the 
second s tage  of the operat ion.  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Significant changes in the b iochemica l  p ic ture  of  the blood were  obse rved  48 h a f t e r  fo rmat ion  of the 
Eck ' s  f is tula:  The ammonia  and lact ic  and pyruvic  acid concentra t ions  and the s e r u m  t r a n s a m i n a s e  ac t iv -  
ity in the blood were  all inc reased  (Table 1). Meanwhile no signif icant  changes were  found in the c l in icat  
and functional indices c h a r a c t e r i z i n g  the genera l  s ta te  of the animals ;  the dogs r ema ined  act ive  and walked 
confidently, and the i r  a r t e r i a l  p r e s s u r e  r ema ined  s table .  Mixed act ivi ty  was r eco rded  on the EEG with an 
ampli tude of the o~-waves of 20 /~V and of the Q-waves  of 30 t~V (Fig. 1A). The b iochemica l  Changes in the 
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T A B L E  i .  Changes in Blood Biochemical Indices after Two-Stage 
Devaseularizatioa of the Liver (M~:m) 

Index studied 

Bilirubin (in mg %) 
Ammonia (in Ping %) 

P 
Lactic acid (in mg ~ 

P 
Pyruvic acid (in mg %) 

P 
ASAT.(in units) 

P 
ALAT .(in units) 

P 
Potassium (in meq/ l i te r )  

P 

48 h after After ligation of hepatic 
Before formation ot artery 
operation Eck's fistula 12 h 24 h 

0,53m0,04 0,58-----0,I 1,48+--0,25 2,47-----0,06 
~0,05 G0,01 

0,09+--0, 004 I 0,21+-0, 05 I 1,91-+0, 95 2,41+-0,1l 
G0,05 G0,001 G0,001 

23,0+--1,9 ] 46,0+-4,7 40,2~3,1 I 64,2+--12,7 
G0,01 G0,001 G0,01 

3,3+-0,05 [ 4,98+-0,6 5,1-----0,61 l 5,9--1,05 
G0,02 G0,01 G0,05 

24,0+--1,9 I 40,3+--7,1 212,6-+9, 5 I 271+44, I 
G0,05 G0,001 G0,001 

29,7+--2,05 I 85,0+--8,0 367+--12,8 ] 316,0+---ll,0 
G0,001 GO,O01 G0,001 

4~4+-0,36 ] 3,8+--0,46 2,6+--0,7 [ 2,66-----0,3 
~0,5 G0,05 Go,o  i 
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Fig. i .  EEG of dog during simulation ot acute hepatic failure by 
two-stage devascularization of the liver: A) EEG of dog 48 h after 
formation of Eek's fistula (first stage of operation); B) EEG of dog 
6 h after ligation of hepatic artery (second stage of operation); C) 
EEG of dog 18 h after ligation of hepatic artery. 

blood 12 h after ligation of the hepatic and gastro-duodenal arteries indicated an increased degree of acute 
hepatic failure. The ammonia and lactic acid concentrations in the blood were sharply increased and the 
blood bilirubin level (including indirect) was raised. Serum transaminase activity also was increased. The 
potassium ion concentration was lowered. At this stage clinical signs of acute hepatic failure appeared: 
the dogs became apathetic and drowsy and at times they exhibited motor excitation. The arterial pressure 
fell to 85-90 ram. Signs of interhemispheric asymmetry and desynchronization of rhythms appeared on the 
EEG. Fast spike-like ~-waves (16-18 and 20-22 waves/sec) with high amplitude (80 pV), superposed on 
slower waves, were observed (Fig. 1B). 

Even more severe changes in intermediate metabolism were found at the end of 24 h of observation 
on the animals. A further increase in the lactic and pyruvic acid concentrations in the blood was accom- 
panied by a fall of pH. The ammonia and bilirubin concentrations were increased. Enzyme activity con- 
tinued high. The animals fell into coma 16-20 h after the second stage of the operation: They ceased to 
communicate, they lost consciousness, and no longer responded to external stimulation. Marked arterial 
hypotension was observed at this stage (50-60 ram Hg). Another 2-3 h later the terminal phase of acute 
hepatic failure ensued. The arterial pressure fell to 30-40 mm Hg. Evidence of encephalopathy on the 
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EEG became  s t ronger :  The fas t  rhythm was replaced  by a s lower  rhythm, f ea tu re s  of in te rhemispher ie  
a s y m m e t r y  were  reduced,  and the ampli tude of the waves dec rea sed  (Fig. 1C). Later ,  i.e., 22-24 h a f te r  
l igation of the hepatic a r t e ry ,  as a rule  the an imals  died. 

After  two-s tage  devascu la r iza t ion  of the l iver ,  which reproduces  hepatic coma  be t t e r  than other  me th -  
ods [8, 10], s e v e r e  changes were  obse rved  in the b iochemica l  p ic ture  of the blood and in the functional s ta te  
of the animals .  Changes in in te rmedia te  me tabo l i sm  preceded  functional d is turbances  of the organs and 
s y s t e m s  and, consequently,  they were  an essent ia l  pa r t  of the pathogenetic mechan i sm of hepatic coma.  The 
resu l t s  suggest  that an important  role  in the mechan i sm of development  of i r r e v e r s i b l e  changes in the body 
in hepatic coma is played by the pa thochemical  consequences  of the developing i schemia  of the l ive r  and 
the assoc ia ted  c i r cu l a to ry  d i s tu rbances .  
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