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HEPATIC ENCEPHALOPATHY 

I · 
Abnormal menta l state wit h 

a . Di sturbed consciousness 
b. Personali ty changes 
c. Intellect ua l deter ioration 

2, Ab normal neuromuscular state 

3, Li~e~ .disease 

4, Character isti c, but nonspec i fic, laboratory and EEG f i ndings 

Cl i nical Syndrome 

1. Abnormal mental state 

a . Dist urbed consciousness : 

Sommolence and i nversion of sleep rhythm 
Fixed stare 
Apathy 
Slowness of response (especially late in day ) 
Stupor ~coma ( in children and patients with viral hepatitis may see delirium ) 

b . Personal i ty changes: 

Euphor ia 
I rr i tab i I i ty 
Loss of concern for fam i ly 
Inappropr iate behavior 

c. Inte l lectual deter ioration: 

Slight impa i rment of mental_ function ~gross confusion 
lnab i l i ty to carry out simple calculations (subtraction of serial 7's) 
Constructional apraxia (difficulty in writing and reproducing simple designs with 

blocks and matches) 

<. Abnormal neuromuscular state 

8s±ecl~ls (See characteristics i n,det ai I - Page 2) 
Slurred speech 
Perseverat ion 
Grasping, incoordination 
Ataxia 
t DTR's early, ~or absent · DTR's late 
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Hoffman and/or Babinski (often uni lateral and transient ) 
Ankle clonus 
Rigidity (even appearance of decerebrat ion ) 
Choreoathetosis 
Hypervent i lat ion 
Coma (at first arousab le ) ~ lack of response to any stimuli (l oss of corneals) 
Convu ls ions (espec ially i n ch i ldren and wi t h acute I iver disease) 
Irreversib le spastic parapleg ia rare ly- 6 cases (5,6 ) . 

~8§1~cl~l§~- (metabolic flap) (7) 

a. Movements consist i ng of lateral deviations of f i ngers and flexion- extension at 
metacarpopha langeal and wrist joints. Best seen with arms outstretched, wrist 
hyperextended and f ingers separated. Absent at rest, mitigated by intentional 
movement and maxima l on sustained posture. Usually bilateral, often asynchronous. 
At i ntervals of fraction of second to a few seconds. 

b . May be seen on sustained contraction of other muscles ( protrusion of tongue, 
dorsiflexion of foot ). 

c. Assoc iated with electromyographic per iods of electrical silence. Believed due 
to ina ppropr iate integrat ion of afferent stimul i normally transmitted by ascending 
( ?extrapyramidal ) tracts to brain stem reticu la r formation (8) . 

d. Not spec i fic (9). Seen in urem ia, severe pulmonary disease with heart failure, 
barbiturate i ntox ication, hypomagnesemia, etc. 

3. Li ver Di sease -Failure of parenchyma and/or of hepatic c irculation. 11Essential 11 

for development of encephalopathy ( 10). 

E~!gc_b~Q2ti~~a- Seen in 46% of one series ( I I). Sweetish musty smel I. Believed due 
to methyl mercapton (CH3SH) or dimethyl sulfide (CH3S:SCH3 > -both 
abnormal der i vatives of methionine which accumulates in blood of 
patients wi th l i ver disease (12). Not seen in non-hepatic encephalopath 

4. Laboratory and EEG f i ndings 
......_ 

a. Laboratory: 

Blood: ( I ) t ammonia concentration, especially arterial. (See Figure I- Page 3) 
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Figure (13) 
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The relation of the arterial ammonium level to the grade of 
consciousness in hepatic cirrhosis. 

i 
j 

j 

--- -

Grade I: minor disorder of consciousness and the motor system. 
Grade 2~ gross disorder of consciousness with disorientation in 

time and space. 
Grade 3: coma. Mean normal arterial ammonium level is 0.68 ~g/ml. 

The horizontal lines denote mean± a S.D, 



- 4 -

Mean values in patients with impending or f ull y develo ped he patic coma are elevated. 
However 10 - 25% of arterial samples ~Fi g ure . I) and 25 - 50% of venous samples may 
be in normal range i n i nd i vi dua l patients and there i s often no good correlation 
in patients with li ver disease between degree of cerebral abnormality and t in 
ammonia (13,1 4,15 ) . 

t b lood ammonia reported in shock , congestive heart failure and pulmo nary 
emphysema wi t h resp i ratory acidosiso However, except perha ps for the last 
group , possi bi l ity of liver disease could not be excluded in these instances. 

·I n coma due to causes other than lung disease (F igo 2, Ta ble I), not in 
ammonia (1 6, 15) . 
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Figure 2 (1 6) 

BLOOD AMMONIA IN ~g/100 ml (venous) 

No. 
Stud i ed 

55 
52 

' ' 
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3 I I I 
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53 I I I I I 
I I I I I 

39 I I I I I 
I I I I I I I 
I I I I I I I 

0 50 100 150 200 250 300 350 

ammonia levels. (Fi gur_es above bars indicate mean values.) 
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Tab le I 

BLOOD AMMON IA IN COMATOSE PATIENTS WITHOUT CIRRHOSIS 

81 ood Ammon i a 
Disease 

Cerebral vascular accidents • •o o ooo • 

Cerebral trauma oooo~o ooo oo oc oo ooo oo 

Alcoholic psychoses 0000000000000000 

Uremia secondary to hypertens ion •o• 

Drug i Qtoxications c oooooooo••ooo••• 

Febrile delirium with pneumon i a 0 0 0 0 

Congestive failure secondary to 
arteriosclerosis ooooooooooooooooo oo 

Carcinoma of the lung ••oooooooo•oo• 

No. Pati ents 
St ud ied 

(F rom Fig. 2) 

II 

5 

8 

3 

7 

2 

Mean Range 
( 11g I I 00 m I ) ( 119 I I 00 m I ) 

61 37- 85 

53 26-86 

64 38-1 06 

36 19-51 

57 34-79 

50 30-7 1 

64 52-70 

59 59 

(2) Amino acids: a -ketoglutaratic, pyruvic, acetoacetic, methionine, tyrosine, 
phenylalanine, asparagine, g l utamine ( 17,18). Less correlation with neurologi 
state than ammonia. Probably related in part to impaired metabol ism by 
d i seased I i ver . 

CSF: I. 
2. 
3. 

t ammonia, a-ketoglutarate , pyruvate (1 4) 
t g l utamine <Ta ble _1_1) of d iagnostic value (1 7,18,19,25 ) 
Normal or t protein - not in eel Is or pressure (20) 



- 7 -

Table ll 

GLUTAMINE LEVELS IN CSF (1 9) 

Hepati c Cirrhosis Othe r liver Other Comatose Control 
Coma Patho logy States Cases 

No. of cases 26 17 18 2 1 98 

-
Range (mg%) 23-96 13-30 6-24 6-19 5-22 

Mean ± s .o. 52 ± 17 21· ~3 · ± 4~.2 15 ±:•5 ~2 II .4 ± 3. 7 10.3 ± 3.5 
(mg%) 

b. EEG: 

Paroxysms of bilaterally synchronous, symmetrical, hi gh voltage, slow waves 
at I - 7 cycles/second (normally 8 -13 /second) . Start anteriorly and progress 
poste~iorly (21)~ 

Abnormality of most significance in precoma . However, although on average EEG 
abnormality correlates with neurologic disord~r, there is overlap (in both directions) 
in individual cases. 

EEG (especially in full coma when it is d i ff-usely slow) is not s pecific for 
hepatic encephalopathy. Abnormalit ies seen in anoxia, uremia , hypoglycemia, 
diabet ic coma, etc., (22), - non-s pecific. 

Electronic frequency analysis detects early cases (23,24}, especially after 
administration of protein or smal I doses {8 mgm) of morphine (24). 

Diagnosis 

I. Clinical syndrome {present in full or in part).' 

2. Exclusion of other causes: hypoglycemia, subdural hematoma, etc. 

3. Confirmation by response to therapy is helpful. 
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Pathogenesis 

I. Consciousness (wakefulness, awareness, reactivity ): · Depends on functional integrity of 
cetl~ulac a~tl~ating ~~~t~m in brain stem. This polysynaptic network (rete) 
of neurons receives and correlates afferent stimuli from with i n and without 
the body (26,27), Cortex apparently is not essential, but may modify con­
sciousness(28). Rig idi ty, aster ixis and hypernea, often present in hepatic 
encephalopathy, also are be li eved to depend on structures located in brain 
stem (29). 

2. CNS pathology jn hepatic encephalopath~ 

a) Early: : None 
b) Few days: t number and size of protoplasmic astrocytes i n brain gray matter. 

Probably specific, but may be seen in hypoxia (30), Occasionally-demyelination 
of pyramidal tracts in 'spinal cord (5). 

Conclusion: Absent or scant anatomic changes and reversibil ity of clinical picture 
suggest a metabolic disorder. 

3. CNS physiology in hepatic encephalopat hy (31 ,32 ,33) 

See Tables l!l and lY on pages 9 and 10. 
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Table lli (32) 

Cerebral Metabolism in Heoati c Disease 

l r 
i 

Mean CBF Mean CMR02 Mean A-V• 02 
, (ml blood/100. g brain/mi n ml 02 /100 gm brain/min (Vol. %> 

Normal 54.0 3.3 6.0 

Alert 47. I 2o3 5o I 

Moderate cerebral 
dys function 41 .9 I o 7 4.4 

Coma 39 o6 u 26% ) I .6 (.&. 50%) : 4. I 
~ 

CBF = cerebral blood flow 
CMR02 = cerebral oxygen consumption 
A-V o2 = arterio~-venous oxygen extraction 



0 

D
egree o

f N
eurolog

ic 
Im

pairm
ent 

t 
N

orm
al 

(I I) 

G
rade 

(6) 
0-1 

G
rade 

(9
) 

2 

G
rade 

(6
) 

3 

G
rade 

(3
) 

4 
-

. ~
·
 

* 
S

ee 
fo

o
tn

o
te 

T
ab

le lll 
t 

N
um

ber 
o

f 
su

b
je

c
ts 

C
B

F* 
m

l /
I 00 g/m

i n 

53 

-
5

9
.0

 

4
7

.0
 

36 

22 

T
ab I e 

l
l
 (3

3
) 

C
ereb

ral 
M

etabolism
 

in
 H

ep
atjc D

isease 

CM
R02 * 

A
-V

 
02* 

Pa 
C

02 
A

rt. 
pH 

A
rt. 

02 
PO 

cc/1
0

0
 g/m

m
 

V
o

l. %
 

mm 
Hg 

S
at %

 
mm 

Rg 

3
.4

 
6

.6
 

38 
7

.4
2

 
9

5
.2

 
89 

3
.4

 
5

.9
 

33 
7

.4
8

 
9

0
.0

 
57 

2
.8

 
6 .I 

29 
7.51 

9
3

.0
 

64 

I 

2
.0

 
5

.6
 

30 
7

.5
5

 
8

9
.5

 
55 

I .6 
7

.2
 

25 
7

.5
7

 
9

2
.0

 
56 

I 

I 



- II -

Summary of findings in Ta b les -~-!_1 and !Y: 

I. -Progress i ve decrease i n cerebral oxygen consumption «CMR02 > wi t h increasing neurologic 
i mpa i rme·nt. 

2. Decrease i n cerebra l bl ood fl ow ~CBF), possibly , at least partly , a res ul t of drop i n 
Pa co2 (from hyperventilat ion) . 

3. Resp i ratory a l kalos is common {Table JY) . 

4. In general, CMR02 more depressed than CBF , and ce rebra! oxygen ext raction (A~vo2 not 
suffic ient to compensate fo r ~ CBF . 

5. ( ?) Decreased cerebra l g lucose uptake {34 ) (inconstant~ . 

Comment : Cause or effect? 

Decreased CMR02 occurs in othe r states o f decreased consciousness, as uremic coma , 
diabetic coma, etc., and is not specific for hepatic encephalopathy (35 ) . However, 
it does not inva r ia bly fo llow states of sommco·~ence- ·.e. , normal in slee p and 
pentatho l semi-narcosis (35 ) . 

Probab ility; Hepat i c coma is result of ~ OMR02 , which may, however , be common denom inator 
of other metabolic disorders. 

Conclusion: Impaired cerebra l oxidative metabolism , possibly associated with faulty g lucose 
uti I i zat ion. 

Postulated causes of dist urbed cerebral metabolism in he patic encephalo pathy: 

l Toxin 

a} ammon i a 
b) meth ionine and/or other nit roge nous products 
c) tryptophane metabol i t es (indol es) 

in conjuct ion wi t h 

_1_1 Sensitiv i ty of bra in i n liver disease , possibly as result of de pletion of v i tal s ubsta nces 
(?cytidine, ? uridine) (36) synthesized by normal liver . 

Io..)Ammoni a Tox icity 

Evidence in favor : 

I ) t ammonia levels in blood and CSF of pat ients wi t h hepatic coma . 
2 ) Precip itation of syndrome in susceptible patients and ani mals by administrati on of 

ammonia o r substances {b lood , proteins) giving rise to it. 
3) Frequent al lev iation of synd rome by therapeutic measu res which prevent ammonia 

influx into bra i n. 

Evidence against: 

I) Lack of prec ise correlat ion in individual patients between degree of neurologic im­
pairment and level of blood or CSF ammonia. 

2) Much hi ghe r levels of ammonia {than in pat ients with coma) are necessary to produce 
coma in experimental animals and to demonstrate toxic effect ( · -!. o2 cons um ption ) of 
ammonia on bra i n ln vi tro (37). 
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ment- re : Ev i dence aga i nst 
~ 

Blood and CSF levels do not necessar i ly re f lect int racerebral concentration of ammonia. 
Blood ammoni a measurement is not ori ously di ff icul t and su bject to error ( 4~) 0 Blood pH 
is an import ant vari ab le- at t pH, NH3 t r ansfer i nto bra i n a ugmented (2)o 

Ani ma l and ln v i tro studies a re short-term (minutes-hours ) experiments and do not take 
into accou nt presence of a se ns iti zed brai no 

~ 
Arg uments agai nst ammonia a s .9. cause of hepat ic encepha lopathy do not seem convincing. 

See Tab le y_ on page 13 
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Ta b leY.. 

Ammonia Metabolism in Health and He patic Encephalopathy 

sources :::::::--
Q._ut: 

NORMAL METABOLI SM 

Effect of bacterial and(?) 
digestive enzymes on 
proteins and urea. 

-------------------------------------------
Kidney: DeaminJation of glutamine 

and amino acids with re­
lease of NH3 into renal 
veins. 

-------------------------------------------
Muscle: Release on exercise-(?) 

from adenylic acid. 

Removal Mechanisms 

Liver: a) 

b) 

urea synthesis 
(Appendix I) 
glutamine synthesis 
(S ee Fig. 3) 

t 

METABOLiSM IN HE PATIC FAILURE 

NH3 from a) 
b ) 
c) 

intestinal bleeding 
t BUN 
high protein diet 

t NH3 - from diuretics (chlorothiazide, 
Diamox ) which alkalinize urine 
and may cause hypokaiemia 

t NH3 - released from muscle saturated 
with ammonia-(?) mechanism. 

removal impaired probably due to 
decreased urea and glutamine 
synthesis by diseased I iver and 
.ammonia shunted around I i ver by 
portosystemic shunts . 

------------------------------------------- ----------------------------------- --------

Lung: 
(minor) 

Exhalation 

-------------------------------------------
Muscle: iJ) amination of keto acids 
.Uiver2 a- ketoglutaric acid 

-1- NH3 

glutamic acid 

(ATP ) 
"' 

NH3 

glutamine 

b) carbamyl phosphate 
synthesis (Appendix I ) 

May be 
and t 

t with hyperventilation 
blood levels of NH3 • 

May be impaired since ketoacids t 
in blood 

Cal'\ • • 
~ Ammon1a t in he patic encephalopathy due to its increased production (exogenous 

type) and/or decreased metabolism (endogenous type). Often 11mixed 11 type seen. 

h 
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01tance of pH for ammonia metabolism (38,39,40,4 1 ,42,43,44,45) 
~ 

Ammon ia in body f lui ds ex ists as NH~ and NH3 , and proport ion of each component is 
dependent pr ima r i ly, on pH, as shown be low for pl~sma at 37°C . 

pH = pKa + 10% NH3 

X 

(7 .40 ) (8.90 ) 

Cur rent methods est imate tot al ammon ia (NH4 + NH3 ) but only NH3 freel y crosses t issue 
membranes. NHi d i ffuses very sl owly , probab ly because of its water so l ub i l ity a nd 
charge. 

With t blood pH, t he pro port ion o f NH3 i n blood r ises , res ulti ng in a larger quantity 
of gaseous ammonia wh ich can ente r i nto the brai n. The NH3 distributes itself between 
the 2 compartments on basis of pH gradie nt, tend i ng (as a weak base ) to move from al ka­
line to acid side , i.e. , from blood t o re lati vely more aci d intracerebral milieu 
(pH~ 7.0 ) . Any t in blood pH (without equally a lte r i ng cerebral pH in some direction) 
wi I I augment transfer of NH3 i nto bra in . (This assumes the same pKa for ammonia in 
both sites ) . 

Thus , meta boli c alkalosis wi I I increase plasma NH
3 

and wi I I enhance transfer of ammonia 
into more acid int race llular sites ( bra i n). This ex pla ins why alkalosis (viz. diuretic 
(Diur i I ) induced) may be detrimental in hepatic e ncephalo pathy. 

Evidence of t his is a bundant from ani mal expe r iments where wide pH shi ft s can be empl oyed 
(39,40,41,42,43 ) a nd less evident ( but sti I I convi ncing ) in human studies where lesser 
pH changes are tolerated (44,45,46 ) . 

Resp i ratory alka losi s in hepat ic encephalo pathy (33)- (See Table !Y 

Etiology unknown. 

Theories~ 

a) Stimul~ion of per i phe ral lu ng reflexes~- no evidence avai la b!e 
b) Effect 

I) Due to t ammonia~ -conflicting data (47,48 ) 
2) Compensatory for i ntracerebra I accumu I at ion of ac-id metabo I i tes ~ - no ev ide nee 

avai !able. 
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Fi gure 3 

M E C H A N I S M ( S ) 0 F A M M 0 N I A ''T 0 X I C I T Y" 

KREBS 

CYCL E 

Oxal oacet i c 
ac id 

(Theory .1} 

<Theory lJJ 

ACID 

I ATP Formed I 

a - Ketog I ut a r ate 

DPNH 

X ) 
DPN 

gtutam i c ac id 
ATP 

<Theory _I 1_1 ) 

Citr i c 
ac id 

.. glutami ne 
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~ Cerebral a- ketog lutarate dep let ion (Bessman ) (49) 

~~in~~ increased bra i n ammon ia i s detoxi f ied to g lutamine wi th resultant depletion 
~ of a- ketog lutarate wh i ch cannot be rep l i ni shed from blood since it does not 

read i ly cross t he "b lood- brai n barr ier 11
• Decrease i n a - ketoglutarate slows 

Krebs cyc le a nd t hi s together wit h cons umpt ion of ATP to form gl utamine depletes 
bra i n ATP. Such a dep let ion i n strat eg ic si tes may i nterfere wi th oxidative 
brain metabo l ism and / or acety lcholi ne synthesi s ( 54 ) which a re ATP-dependent. 

Evidence for ~ 

I) ~ a- ketogl utarate (35-50% ) a nd t glutamine and t pyruvate in brain of 
ammon ia- i ntox icated (short-term ) anima l s (49,50,51 ). 

2) Meth ion i ne s ulfox imine (i nhibits synthes i s of g lutamine) ln vivo prevents t 
gl utam i ne and pyr uvate and + a -ketog l utarate in ammonia-intoxicated animals. 
Despite t bra i n NH3 - i ts tox i c i ty i s markedly ~ (51 ) . 

3 ) Acute NH3 i ntox icat ion does not ~ cerebral cort i cal ATP (52 ) but does ~ 

(25% p = < .00 1) ATP in medul la and pons ( 53 ) . 

Evidence against~ 

I) Cerebral transam i nations can rep len i sh a- ketoglutarate li g lutamate adequate and 
transam i nases active. S i nee g I utam i ne i s be I i eved deri ved from a sma I I met abo I i cal I y 
active pool of glutamate (55 ) and t he size of the 2 pools has not been se parately 
assessed, this is undertermined. 

'""" 2 ) One report (34 ) 1 a- ketog lutarate re leased into cerebral venous blood in patients 
with hepat ic coma. However, (? ) met hodology since pyruv i c and lactic acids which 
accumu late in bra i n were not released (al I t hese traverse from brain to blood with 
great d i ff i cul ty ) and gl utamine wh i ch does also accumu late, but crosses into blood 
eas ier, also was not released. In addit ion, total a - ketoglutarate measurement 
a lso may not be helpful, s i nce this keto acid in brain also is functionally com­
partmented ( 55 ) . 

3) co2 fixat ion (Fi g. 3 ) occurs in brain and may replenish Krebs cycle intermed iates 
( a - ketog I uta rate) • This f i xation seems to t i n cerebra I cortex un.der acute 
ammonia intox icat i on ( 55,56 ) . 

Pert i nent quest i ons re~ 3) 

a) is increase s uff icient to prov ide energy? 
b) Does it take place in reticular format ion? 
c ) Does it occur i n chronic state? 

Answers~ Unknown 

4) It has been calculated that 1% of cerebral ATP is sufficient for acetylcholine 
synthesis in brain ( 57), so that part of above hypothesis is unlike ly. Interestingly, 
methionine sulfoxim i ne (which proter.ts versus NH3 intoxication ) prevents an ammonia­
induced + in cerebra I acetyl c o I i ne <58) . 
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Decreased s upply of DPNH for ATP generation in mitochondria 
petit ion for DPNH by a- ketog I uta rate DPNH --> DPN ~ 

NH3 
(Worce l a nd Ercinska) (61 ) 

as result of com­
glutamate react ion. 

~ DPNH ox idat ion necessary for generation of ATP by mitochondr ial electron chain . 

Ev idence for : 

I ) !n vit ro data shows that NH3 i nhi bi ts 02 uptake by mitochondria and this is proportio 
al t o format ion of g lutamate from a- ketoglutarate . This cannot be prevented by 
add i tion of excess - ketog lutarate so dep letion of this ketoacid is not causal; 
succinate as substrate (wh i ch does not depend on DPNH) is not affected by NH3 ; 
addition of DPNH to a- ketog I uta rate prevents tox i c ammonia effect. * 

2) Results ln vivo wi th methionine sul foximine (51) and studies on brain ATP (53 ) 
could go a long with t his theory. 

Theory ill impa i red ox idat ive decarboxylation of pyruvi c acid. (McKhenn and Tower ) ( 59 ) 

Princ i ple: Pyruvic (and poss i bly a -ketog lutar ic ) a c id ' s entry i nto Krebs cycle via citric 
acid is impaired ~w i th slowing of cycle. 

Evidence for: 

I ) ln vitro data shows that mitochondr ial 0 cons umption is impaired to a degree 
as pyruvate ut i l i zati on was decreased. This was not remed ied by adding succinate, 
DPN. Mechanism of action unknown. 

Ev i dence against : 

I ) Contradicted by another study ut i lizing simi la r methods (61). 

2 ) Not supported (as sole cause) by ln vivo data with methionine sulfoximine. 

3 ) Authors neglect own data on a - ketoglutarate that support Theory _1_1. 
"-

Theory TV Direct toxic effect of ammonia on ne urons. (Wei 1-Malherb) (60) - -
fLinciple~ Interference of NH~ with ionic fl ux across neuronal membranes. 

No data to support th1s. 
ln vivo methionine s ul foximine data (5 1) suggest that intracerebral ammonia increase 

~~cannot explain the whole effect of NH3 • 
----

--.. ' - _; ~ J ; i .. - .t , ' ' . 1_1 ~ :-~-. - :1z ::": ; i.H __ r·! _: .: · i: .. ~.: : · ; i~-,(J - ' .c .. 

~I .us ! ft~ :·· .. ;. , ,_ T~~~r i ~~ 1 ~.".~ .. ll~ , p~~~~ ps i n cemb i nat 8 on seem most te nab I e • 

* Glutamine reverses the effect of ammonia by preventing amminat ion of a-ketoglutarate. 
The level of TPNH has also been shown to be depresses ( 70% ) on addition of ammon ia (1 04 ). 
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5 
~)Meth i onine and Other Amine Tox i c i ty 

-

Evide nce in favor~ 

I) Methion i ne , i t s meta bo l i tes and other am i nes may be elevated i n blood , ur ine, and 
CSF of pat ients wi th hepatic coma (62 ) . 

2 ) Adm i ni strat ion of methionine may prec i pitate coma in suscepti ble patients (63 ) . 

3 ) Methyl merca ptan (by- prod uct of meth ionine ) ind uces unconsciousness ( 5 mg/per I. 
ins pi red air) in rats (64 ) . 

' Evidence against~ 

I) Methionine I .V. is not tox i c in patients in whom coma is prec i pitated on oral 
admin istrat ion (64 ) . 

2 ) Rx wi t h oral antib iot i cs prevents a bove toxicity. 

3) Portal ve in ammonia t after g i ving methionine (65 ) . 

4 ) Monamine ox idase inh i bi tors prevent r ise in blood ammonia after infusion of 
ammoni um c itrate , suggest i ng that amines (derived from aminated ketoac ids) may 
be source of ammonia {66 ) . 

Conclusion~ These data suggest that meth ionine a nd i ts products, as we i I as other 
am i nes may prec i pi tate he patic encephalopathy but a l ikely mechanism is via 

~ release of ammon ia . No other specif i c mechanisms have been postul ated . 
I 
c) Tryptopha n meta boli tes ( indol es ) toxicity (64 ) 

Theory a) Deplet ion of cerebral serotonin, due to i nab ili ty of liver to convey tryto­
phan to 5- 0H tryptophan, the precursor of seroton in ~ 

Evidence in favor ~ 

I ) Serotonin is present in hi gh concentration in bra in stem and may be concerned with 
norma l and abnormal bra i n f unct ion (67 ) . 

2 ) 5-0H indole acetic acid (5HI AA ) (end product of seroton in) may be decreased in 
urine of pat ients wi t h severe ~i ver disease (67). 

3 ) Adm inistration of 5-0H tryptophan i .V. to patients with hepatic coma, but not 
other t ypes of coma, im proved the ir EEG (68 ). 

Evidence against~ 

I) Importance of bra i n serotonin as related to s igns of hepatic coma is debatable (67 ). 

2) Lowered urinary excret ion of 5-HI AA in liver d isease not conf irmed (69 ). 

Theory b) Tryptophan is converted by gut bacter ia to i ndole and skatole. Smal I amounts 
of these enter the circulation and i n presence of li ver disease and/or 
col latera l circulat ion may not be con j ugated as su l fates and g lucurom ides 
for ur i nary excretion and th us may accumulate i n b lood as toxins. 

, j \ ! ' . . \._ ~ ... ..... ' . 
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£v idence i n favor : 

1) I ndo les and 
brain (37) . 

Evidence aga i nst : 
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skatoies lrr v i tro at hi gh concentrati ons inhi bited respiration of 

I) Such hi gh concentrqtions of these s ubs tances not found in man (37 ). 

ncl us ion: Not e~oug h ev idence to as sess t he ro le of tryptophan metabol i tes i n human 
~pati c e ncephal opathy. 

-1l 
t Sens iti vity of t he brain in he pat i c d i sease 

Evidence in favor: 

I) Normal indi v iduals with hi gh b lood ammonia levels (mainta ined by I .V. infusion ) 
we re asym ptomatic. Note, however, that t hese are br ief i nfusions (hours ) (70 ). 
in prese nce of alkalosis , ammon ia in la rge doses was toxic in "no rmal " i ndivid ua ls 
(71) . 

2) Pat ients with live r d isease and espec ia ll y t hose with encephalopathy are very 
sens i t i ve to hypox ia , co2 , sedat ives , etc., -al I of wh ich excerbate neurologic 
impai rment (9 ) . 

3 ) iso lated perf used cat brain loses its e lectr ical excitability in absence of I i ver 
i n perf usion c i rcui t . The li ver can be substituted for by i nclusion of cytidine 
and, ur idine (3q ). 

4 ) Respi ration of bra in from an imals wi t h chronic l iver disease is more depressed by 
t oxins (ammonia ) ln vitro (37 ). 

Cone I us ion: Evide nce strong that I iver d isease may sens itize brain to various toxins. 

~mmary on Pathogenes is of Hepati c Encepha lopathy 

3, 

4, 

Metabo li c cerebral d isorder wit h decreased oxygen cons umption. 

Occurs i n indi viduals , with li ver disease ( pa renchymal and/or c i rculatory hepatic 
impai rme nt) , whose brain is sens iti ve to a var iety of "toxins" which often summate 
in the i r del eter ious effect. 

"Toxins " very I i kely i nc lude ammonia and other nitrogenous prod ucts. Hypoxia, 
el ect ro lyte d isturbances, al ka los is , etc., -often potent iate t hi s effect . 

Precise s ite of action of "toxi ns" i s not known but appea rs to i nvo lve Krebs cyc le, 
proba b I y at I eve I of ex- ketog I uta rate. 
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Therapy 

l· Standard - of estab I i shed va I ue. 

I. Remova l of precipitating causes and treatment of their effect. 

2. Stop infl ux of nit rogenous s ubstances into body (stop or decrease ingested 
prote i n, ant i biotics, etc .) . 

3. Mainta i n ca lor ic, f luid and electrolyte balance. 

!!· Sem i-Exper imental -of poss i ble or probab le value. 

I. Arg in i ne 

2. Glutamate 

3 . Remova l of co lon from continui ty of i ntestinal tract. 

4 . Stero ids 

_1_1_1. Exper imenta l - un proven value. 

I. Urease immunity 

2. Hemodia lysis - peritoneal d ialysis- resin dialysis -cross circulation 

3 . - Cation exchange res i ns 

4. Protami ne 

TABLE Y.L (72) 

I. Remova l of precip itating causes and treatment of their effects. 

ln c i dence : 

Provok i ng Causes of Coma in 167 Cirrhot ic Patients wi th Coma (1958-1962) 

Cause ! 

I • Gastro i ntest i nal hemorrhage 37 
(varices 57% ) 

2. Progressive hepatic failure 19 
(no "external" precipitat i ng cause) 

3. Diu retics 17 
( paracentes i s I OJ{) 

4. Unknown 14 

5. Infection 10 

6. Uremia 2 
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TABLE ill 

Cause Mechanism(s) of Coma Precipitation 

I • Hemorrhage*: 

3. Diureti cs : 

5. I nfection (se pt i cemia, 
per itonitis ): Mechanism unknown 

Possible causes: 

Urem ia: 

7. Sedatives**: 
Anesthet i cs: 

a) .t ammonia and other nitrogenous products 
( 100 ml blood= 15-20 gm protein) 

b) Decreased hepatic and kidney function, 
the latter resulting in t BUN~ NH3 

c) Ammonia in banked transfused blood (73); 
storage at 4°C- I day= 170 ~g% 
4 days = 330 ~g%; 21 days = 900 ~g% 

d ) Shock and hypoxia 

a) + [K::J, a lkalosis- resulting in t intra­
eel lular transfer of NH3 , t ammonia 
released from kidneys (74,75) 

b) Paracentes is -may lead to oligemia and 
+ renal function with t BUN and some­
t imes di lutional hyponatremia 

c) ( ?) Unknown effects- possibly on up­
take of ''tox i ns" by peripheral tissues . 

a) t tissue catabo l i sm with t endogenous 
nitrogen load 

b) Dehydration with decreased renal function 

c) "Toxicity" -hypoxia (76), hyperthermia 
( 77 ). 

a) Effect of disease itself on brain 

b) t BUN ~ NH3 

a ) Effect on brain oxygen consumption 

b) Hypoxia 

Excessive protein ingestion is special case of I .a 

Morphine and other sedatives absolutely contraindicated in hepatic coma . 

For ;Rx of detirrium . tr.emens- promazine drugs (used in jud icious doses) probably 
. best. 

For Rx of convu lsi ons~ ln hepatic coma- barbital, phenobarbital, which are 
excreted largely via kidneys. Reduced 
dosage employed, and patients Rx titrated 
hy clinicnl response. 

For surgery- minimal anesthesia compatible with procedure . 
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Stop in f lux of ni trogenous prod ucts. 

a) In coma stop prote in i ngest ion complete ly. 

In precoma- decrease protein ingest ion to~ 40 gm/day. 

b) Ant i biot i cs to decrease gut bacter ia l flora . 

Generally used - non-a bsorbab le anti biot i cs - neomycin, paramomycin. 

Ini tia l Rx of coma- 8 gm/day i n di vided doses. Subsequently , 3-4 g/day. 
In precoma 1-2 gms/day may be adequate (minimal dose not wei I estab li s hed. ) 

At 8 gm/day- Stoo l E. co li essent i a ll y d isappears in most patients in 
2 " '-'YS i may see t in yeast, d i pthero ids, strep fecal i s (78,79 ). Fetor 
-~ ~~dt i cus usually d isappears i n 3 days, para lleli ng decrease i n blood 
ammonia (78 ) . Cli nica l cond i t ion of patient usually ( but not always ) 
improves in 36-72 hou rs, but may take a week. 

In pat ients wi t h i leus, neomycin may be g i ven as 1% enema in water. 
Most ammon ia is prod uced in co lon {80 ) and enemas have res ulted in~ 
blood ammonia in dogs and man (81 ) . The reliability and cons i stency 
of response to this procedure i n man are not definitely estab lished. 

Relat i ve va lue of other blood spectrum ant i biotics (tetracyc li nes, 
ch loramphen ical) vs. neomyc in i s not wei I estab lished clinically. In 
dogs they have a lesser effect than neomyci n on bacterial f lora and 
suppress ion of ammonia production <eo >. There is s uggestive evidence 
that they are also less effect ive in patients (103) . Note that int ravenous 
tetracycline (and other antib iot i cs excreted in bile) may not be adequate ly 
excreted into gut i n presence of liver disease (Schenker and Combes, un-

·pub lished observations ) . 

Caution: Neomyc in is absorbed slightly (1 -3% ) and may accumulate i n blood (ototoxi c, 
nephrotoxic ) in pat ients wi t h renal fa ilure. 

Neomyc i n may lead to ma la bsorpti on syndrome- apparently dose-ti me de­
pendent and probably due to direct effect of drug on gut mucosa (82). 

Neomycin may ca use staphylococca l enter itis by suppressing endogenous 
microbia l flora, therefore, with diarrhea- stoo ls must be smeared and 
stained for d iagnos is and immediate treatment. 

c) Constipat ion ( retention of gastrointestinal blood) must be prevented by 
judic ious use of enemas and laxatives. Excessi ve ( routine) use of former 
may prec i pitate dehydrat ion and augment any disturbance of electro lyte 
status and the latter may be detrimental i n patients wi th gastrointestinal 
b I eed i ng. 
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Calor ic, f luid and electrolyt e balance. 

On withholdi ng of protein, patient must r ece i ve at least 1600 calo r ies as 
gl ucose . Afte r 2- 4 days of antibiot ic therapy, gradual re inst i t ut ion of 
prote i n (starting with 25 gm/day) has not been detr ime ntal to patients (83 ) . 
Some wait unti I ev ide nce of improvement before starting protein . Prote in 
i ntake i s ti trated vs. clinical response. Finally , ant i biotics a re grad uall y 
stopped. Best t o vary one factor at a time. 

a ) No str ictly cont ro l led study. 

b) Immediate morta li ty in patients pr ior to a bove therapy = .~ 90% (83 ) . 
Present immed iate mortality in comparab le patient popul at ion= 40-50% 
(84 ). 

c) Prognos is best i f prec ipi t ated by exogenous factor (s ) whi ch can be re­
versed. Worse with "unprovoked 11 l iver fa ilure, hi gh biiirub i nJiow CNa I 
(84 ). 

Semi-Exper imenta l Therapy 

I • Arg in i ne -

Principle: 

Comment : 

2 . Glutamate -

Pr i nc i ple: 

Comment : 

3. Colon ic Exclusion-

Princ i ple: 

Serves as substrate fo r urea cycle (Appendix ) 

Not established t hat there i s a he pati c deficiency of 
arg1n 1ne. Fu rthermore, a rg inase decrease in cirrhot i c 
I iver has been demonstrated (85 ) and t his may I imit 
usef u l ness of arginine. 

Variabl e results obtained in practi ce. Better in patients 
who may r ecover s ponta neously a nd worse i n t hose wi t h poorer 
prognos is . One co ntro l led s t udy (86 ) fa iled to show effect 
on eithe r clin i cal state or bl ood ammonia. However » t he 
dose used may have been too low- one infusion of 25 gm/2 
hours. Some claim good results wi t h larger doses. 

Arg i ni ne may lower blood ammonia when g i ven as HCI salt due 
to ~ pH. 

a ) Combi nes with NH3~ g lutami ne by transam inat ion 

b) Yields a - ketog luta rate wh i ch takes up NH3 • 

Glutami ne is eventually deami nated wi t h release of ammon ia. 
Most studies show no consi stent val ue. Only contro l led 
stud y showed no be ne f i t usi ng single infus ion of 25- 50 
g/2 hour (87). 

Removal of si te of "toxin 11 formation. 



Comment: 

4. Steroids -

Principle: 

Comment: 

-l!L. Experimental 
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This approach has been used on ly for patients who : 

a) Do not respond to trials of protein restr ict ion 
plus antibiot i cs, on assumption that a s uff i cie nt 
number of gut · bacter ia are res istant to therapy. 

b) Do not fo llow prescr i bed t herapy and are i n danger 
of becom i ng menta l cr i pp les, 

c ) Become prote i n dep leted ( t ascites ) on restricted diet 

This approach has on occas ion g i ven excel lent results 
(88,89,90). It shou ld d~finitely be considered in t he 
proper patient, who is not a forbidd i ng s urgical ri sk , 
prior to deve lopment of irreversible neurologic abnor­
malit ies. 

Unknown . In hepat itis may decrease in flammatory response. 

Most stud ies (91 ,84 ) s how no benef i c i a l effect i n c i r rhos i s 
but an occas ional one (92 ) c laims temporary improvement 
with massive (1 000 mg cort isone/day ) . None are contro l led. 

In viral hepat i t i s, coma outcome almost always fatal (93 ) . 
Although~ strict cont rol studies available, therapy 
with cortisone 500 mg g 8 h (or equ i valent doses of predn i­
sone, etc.) was assoc iated wi th recovery (93 ) in some 
patients ( 9/23 = 39% ) . Im prov ing prothromb in time serves 
as only good guide to prognos is. Two pat ient s had per­
forations of ulcer and one bled from i ntestinal tract-
out of 23. Therapy with steroids is now recommended for 
viral hepatitis, pend ing further data , 

I. Urease immunity (94,95,96) 

Principle: 

Comment: 

Immunize wi th jackbean urease, induce ant i bod ies t o urease 
which pass into intestinal content and inhibit bacter ial 
intestinal urease with resultant decrease i n ammonia pro­
duction. 

Immunization wi th urease has g iven t serum antiurease 
antibody levels ( 94 ) and wit h use of under 8 units of 
urease no toxicity. Of 8 pat ie nts with recurrent 
encephalopathy- in 6, tolerance for prote in increased 
markedly (100-300%) without i ncrease in blood ammonia 
levels (95). I n an imals there was a 60% + in gast ro in­
testinal urease, - i n gastrointest i nal ammonia and ant i­
bodies to urease present i n feces, 

However, 

I) Study not wei I contro l led. 
2 ) Three patients developed coma after immuni zation 

with 10-20 units - i ne one this may have hastened deat h . 
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3) Blood ammon ia leve ls were not decreased in~ 
pat ient. 

4 ) Two of e i ght pat ie nt s fail ed t o respond desp ite 
hi gh se r um ant iu rease anti bodies. 

5) Ant ibod ies· may be rapidl y d igested i n gut (96 ). 

Needed: 

a) Furthe r control studi es 
b) Measurement of antiurease i n human gut content 

2. Hemodialys is , exchange dia lysis {97) ~ 

Principle: 

Comment : 

Remove circulat ing ammonia and other toxins vi a a rti f i c i al 
kidney , resi n co lumn, etc. 

Hemodialys i s may ef fectively remove ammon ia (20 mg i n 4 
hours (98 ) but procedure is tedi ous, often rende red 
dangerous by need for hepari ni zat ion and diff icult to 
appl y to la rge number of pat ients. Per itonea l dia lys is 
may be of value, expec ial !y with concommifant re na l f ailu re , 
but no contro l studies a re avai !a ble. 

Scattered reports ava ilable concern i ng use of resi ns a nd 
one of para biosis (99 ). Althoug h some bene f i t is c laimed­
insu ff i c ient data is ava i !able at present. 

3. Cation exchange resins (1 00-1 01)-

Principle: 

Comment : 

4. Protamine -

Principle : 

Comment : 

Oral ly admin istered exchange resins (exchange Na or K for 
NH4 ) bind NH4 in gut lumen and thus remove it. 

Excel lent resul t s o btained in dogs g iven blood p o- s ub­
stant ial decrease in blood ammon ia (1 00 ) . In pat ients wi th 
gastro intes t i nal bleed i ng, equally good resu lts obtained 
(1 01 ). Use of resin inK cycle may bi nd qmmon ia and rep lete 
body K whi ch is often low in ci rrhotics. "ser um electrol ytes 
and ECG monitor necessary. Resin may be g iven by enema 
a lso. 

Dose s uggested~ 20 grams in 30 ml 70% Sorbital q 6 h p o. 

Bas ic prote i n C08Sists of 80% arginine- may slowly release 
arginine into circ ulat ion . 

In exper imental 'animals, pr otamine lowers blood ammonia 
( 102). Insufficient data for human s t ud ies. In la rge 
doses drug is an anti-coagu lant. 

Conclusion regard ing therapy: 

Standard therapy indicated unde r 1. has pro~n of vEJ I ue . I n 
specia l instances therapy indicated unde r !!< sem.i.'i-exp~c .imeotaJ, 
may be benef icial . Other procedures are str ictly in invest i ­
gative stage. 
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Appendix 1 

U R E A S Y N T H E S I S 

glutamic acid (Krebs Cycle) 

1 
citrulline + aspartic acid 

( AT P ) ( I ) 

J, 

carbamyl phosphate + 
( 2) 

Urea Cycle Enzymes 

ornithine 

( I ) carbamyl phosphate synthetase 

(2) ornithine transca r bamylase 

\P) 

(3 ) arginine synthetase (condensing and cleavage) 

. (4) arginase 

acid 


