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INTRODUCTION 

When the subje ct of hepatic coma is brought up 

among an average group of physicians, one cannot help 

but notice the per plexed , puzzled and often totally 

blank response such comment illicit~ rom the group. ~- ~ 

Actually, the reasons f or this lack of uniform res­

ponsiveness are ne ither clear nor acceptable, and it is 

in this light that such a topic presented itself to this 

author. 

Both Hippocrate s and Galen recognized and were fam­

iliar with the di s turbed mental function that often at­

tends jaundiced pa tient s . Although hepatic coma has 

been recognized as an ominous complication of hepatic 

disease for over one and one-half centuries, little 

progress in the underst anding and therapy of this ~oma­

tose state has been advanced until recently. It is the 

purpose of this t hes~s t o review and attempt to clarify 

recent development s in l iver coma and, in the end, it 

is hoped that the interested reader may add to his store 

of knowledge while the passive examiner may, at least, 

gain some familiar ity wi th this disease process. An 

attempt will be made to present the etiologic factors as 

well as the generally r ecognized important signs and 

symptoms connected with hepatic coma. A brief survey 

of pathological f i ndings and a rather complete, and it 

-1-

,;;iii 



is hoped, understandable discussion of the biochemical 

and metabolic processes will be undertaken. Finally, a 

summary of the latest developments in the therapeutic 

approach to this syndrome will be gi~en. Interspersed 

throughout will be commentary and opinions of this author. 

It must be admitted that the author's clinical experience 

is limited, particularly as concerns this topic •...• no 

actual case studies are reported on in this thesis. Yet 

it would seem that the attempt at an honest appraisal of 

the literature, perhaps uncolored by personal feelings 

and dogmatic concepts, would serve of some value and 

tend to approach the level of understanding and interest 

of those for whom this work is primarily intended. 
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ETIOLOGY AND PRECIPITATING CAUSES 

Not too infrequently , the contributing factor ushering 

in a state of coma is overzealous therapy on the part of 

the attending staf f. Surgical procedures may precipitate 

hepatic coma in severe parenchymal l i ver disease. Also, 

in s uch conditions , excessive sedatives and narcotics 

are probably cont r aindicated. Too vigorous fluid 

therapy, indiscriminant paracentesis with subsequent Na 

loss, and injudici ous us e of ammonia salts or ammonia 

forming substance s are among other iatrogenic causes of 

hepatic coma (But t -1). Common unpredictable etiologic 

factors are severe hemor rhage, hypotension, localized or 

systemic infect i on , recent alcohol debauch and general­

ized worsening of t he l i ver condition. 

Hepatic coma may occur in t h e acute or active and the 

chronic or sta bal i zed l i ver disease. In a recent detailed 

study by Karl et al ( 2), 58 case s of hepatic coma were 

classified, t here being only one survival. Men were 

markedly prominent in t he group, t h e average age being 54.6. 

40 cases gave a history of poor nutrition , 50 cases gave 

a history of use of excessive alcohol. In 16 patients, 

near starvation appeared to precipitate the onset of coma, 

whi le 12 patients i ndulged in a recent alcoholic debauch. 
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NEUROPATHOLOGY 

Pathological studies of central nervous system 

tissue in fatal hepatic coma have generally yielded 

little well-substantiated information and consist of non­

specific findings which have given little aid in unrave­

ling the mysteries of liver coma. Poat-mortem studies 

are infrequently reported in the literature, probably 

because of the paucity of findings and the emphasis on 

the biophysiologic aspects of this disease process. It 

is to be emphasized that the syndrome of hepatic coma is 

primarily that of a biochemical and physiological nature, 

effecting basic body metabolism rather than anatomical 

structures per se. 

Adams and Foley (3), in a rather complete review of 

the neurlogical processes associated with hepatic coma, 

discuss the autops y findings on their large series of 

cases. The gross examination of the brain revealed 

little of import. The most prominent microscopic change 

was the enlargement and increase in the number of proto­

plasmic astrocyte s in al l parts of the cerebral cortex, 

brain stem nuclei , lent i cular and dentate nuclei ••.• this 

finding differed s ignifi cantly from that found in the 

non-comatose group with advanced liver disease. Severe 

cases showed degeneration of the nerve cells in the cortex 

but, generally, only minor alterations were found in the 
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brain parenchyma. Littl e correlation was found between 

the number and size of t he astrocytes and the severity of 

the disease, although t hese changes were probably one of 

the most distinct i ve at t ributes of hepatic coma, as con~ 

cerns neuropathology. These findings also were found to 

occur in Wilson's diseaseand to a much lesser degree in 

all types or liver disease. The widespread distribution 

and intensity of glial alteration and the relative ab­

sence of obvious parenchymal changes are, according to 

Adams and Foley, unique to cellular liver damage. 

Neurological synpt oms pr obably can not be explained by 

glial changes, be i ng due to some "subtle pathophysiologic 

changes of the neurones 11 with secondary changes as des­

cribed above. 

Some relationship has been postulated between hepatic 

coma and Hepato-Lenticul ar Degeneration, there being sim­

ilarities in the organs involved. Generally speaking, the 

differences between the two diseases are more significant 

and pronounced, t hus probably negating any possible cor­

relation. (Differ ent type of liver damage, lenticular 

1nvovement, Fleischer r i ng, different neurological man­

ifestations and di sturbance of Cu metabolism are seen in 

Wilson's disease (Adams and Foley-J). 

Other workers have f a iled to describe the specific 

changes seen by Adams and Foley. Watson (4) described 
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areas of perivascular demyelin1zatlon and endothelial 

proliferation as being common findings in the brain of 

those dying in hepatic coma. Karl et al (2) described 

non-specific CNS changes ••.. notably, edema, vascular con­

gestion, perivascular cuffing and minute hemorrhages. 

These latter workers al s o reviewed pathological findings 

in the liver and k idneys . Liver sections showed marked 

variations microscopical ly, some displaying rather typical 

Laennec 1 s cirrhosi s. Occasional biliary proliferation 

with round-cell and fat t y infiltration were described •.. 

also areas of cent rilobular necrosis with marked cellular 

infiltration. Kidneys were often normal, although not 

infrequently showed some bile nephrosis, lower nephron 

nephrosis or intercapillary glomerulosclerosis. 

In a study of acute liver insufficiency in chronic 

alcoholics, Philip s and Davidson (5) reported a typical 

hepatic lesion complex of hyaline degeneration, liver cell 

necrosis and parenchymal disorganization. Although 

many of these case s reached comatose states, no true 

pathologi cal findi ngs rel ated to liver coma per se 

were repo r ted. 
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CLINICAL ASPECTS AND SYMPTOMATOLOGY 

Although in its incipi ent and impending stages, hepatic 

coma presents a moderetly difficult diagnostic problem, 

recent studies and increa sed familiarity with the dis­

ease have lessened this problem. The generally accepted 

triad of symptoms on whi ch the diagnosis is based are 

mental confusion, characteristic tremor and neurological 

changes and specific EEG changes in patients with 

known liver disease. 

Adame and Foley (6), in their excellent review of 

neurological changes in hepatic coma, reported on 55 

cases, dividing t hese i nto three basic groups. Group 1 

was classified as "Fatal Hepatic Coma 11
• Characterist­

ically, patients i n thi s group first displayed a mild 

restlessness or busy agi tation for hours or days, foll­

owed by drowsines s , t hen stupor and finally deep coma. 

Clouding of consci ousne ss, impairment of orientation 

and decrease of awarene s s were common signs in the stages 

preceding coma. Several types of tremors, reflex changes 

and rigidities wer e described. A plastic rigidity of 

elbows and wrists, resistance to passive movement and 

occasional true spaeticity with eventual development of 

the grasping and sucking reflexes were seen in this 

group. Minor deep tendon reflex changes were common and 

the exstensor plantar r esponse was present in half the 

patients of thi s eerie~. 
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The so called 11 flapping tremor" is completely des­

cribed by Adams and Foley (6). This tremor is consid­

ered quite characteristic by most authors and, along 

with the mental confusion and history of liver disease, 

is usually sufficient to make the diagnosis. As fully 

deecribed, the tremor is absent at rest and on movement, 

being d~veloped on active maintenance of posture (part­

icularly of the upper extremities). The patient is 

instructed to hold his arms forward with the hands and 

fingers extended, sustai ning this posture for a short 

while. Typically , rhythmical movements develop in a few 

seconds with occas ional bursts of exacerbation •... these 

movements consist of a side-to-side movement of the 

fingers, flexion and ext ension of the metacarpophalan­

geal joints, flexi on-ext ension, radial-ulnar deviation 

and pronation-supi nation at the wrists with occasional 

abduction-adduction of the shoulder. Other disorders of 

the motor system can occur •.•.• elevation of the leg and 

dorsiflexton of t he foot causing episodes of flexion and 

extension of the ankle and knee (Adams and Foley-3). 

Group 2 in Adams' and Foley's (6) classification is 

the NRecurrent Hepatic Stupor 11
• This category includes 

patients who did not go into deep coma or death and is 

indistinguishable from less advanced stages of fatal 

coma. Motor and reflex changes are present ••.. also 

marked tremors and extensor plantar responses are often 
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found, some individual s being normal between attacks. 

Group 3 was called the "Fixed tremor State 11
• These pat­

ients had recurrent ep i sodes of stupor but gradually 

developed a persi stant tremor. None of this group re­

covered completel y normal mental function. 

Walshe {7) de scribe s the adoption of a position in 

which the legs ar e cros sed and tightly drawn up to the 

abdomen. Also emphasized are pyramidal tract signs, 

occasional basal ganglion signs and unusual combinations 

of ankle clonus and planter flexion. Walshe (7) con­

sidered the presence of nightmares to be of grave prog­

nostic significance. Choreiform andathetoid movements, 

along with halluc i nosis , nuchal rigidity, dilated pupils 

and occasional convulsions are described by Karl (2). 

Common findings i n impending coma add liver disease, 

although of less di agno s tic significance, are elevation 

of temperature, pul se and respiration, anorexia, ascites, 

hepatomegaly and edema (Karl-2, Murphy-8). Other findings 

found in cirrhosi s ,and t hus occaionally present in coma, 

are collateral abdominal veins, spider nevi, liver palms, 

atrophic testes , f etor hepaticus, splenomegaly, gyneco­

mastia, melana, hemorrhoids, abdominal pain, jaundice and 

diarrhea. The presence of fetor hepaticus i s conaidered 

to be of poor pr ognosti c significance by Watson {4 ) ••..• 

also of significance is a rapttd decrease in liver size. 
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Secondary infecti n was commonly observed by many authors. 

Davidson (9) stats that jaundice was much morecommon 

with the acYte di ease l eading into coma than with the 

chromic disease. Wateo (4) stressed the importance 

in realizing that fatal coma may occur with little or 

no jaundice. 

Electroencephal ograpic changes are almost invariably 

found in hepatic oma when one chooses to expend the 

time required in 1~s determination. Foley, Watson and 

Adams (10) studie EEG patterns in 26 patients with 

hepatic coma. Thy fou d that electrical signs of brain 

dysfunction in 11 er coma areudefinite and distinctive 

with respect to di stribution, wave form, frequency, bi­

lateral synchroni ity, episodic occu.nrence and assoc­

iation with normal cortical rhythms. A close correlatiom 

with the severity of the clinical disturbance was also 

described. The a thors found an abnormal activity of 

about 2 per secon frequency, a uniform fromtal dys­

rhythmia occurring initially, followed by generalized 

abnormalities. Te unique feature was said to be in the 

sharp contrast in early stages between bursts of slow 

waves and intervals of normal activity. These EEG changes, 

although characteristic, are none.the-less non-specific 

and require a fairly typical clinical picture before 

substantiating a diagnosis of hepatic coma. 
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Differential diagnos is can be relatively simple yet 

quite important. Of gr eatest import is the avoidance 

of gall bladder s urgery mistakenly in patients with 

severe liver disease. If a high degree of Jaundice is 

present, the problem may be difficult. Other factors 

causing episodic stupor and possibly creating confus­

ion in diagnosis are porphyria, uremia, hypoglycemia, 

acidosis, hypokalemia and hyponatremia. The latter 

four are particularly apt to occur in patients with 

severe liver damage, often complicating therapy as well 

as the diagnosis of true hepatic coma. 
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BIOCHEMICAL AND METABOLIC DISORDERS 
(with assoc i ated laboratory findings) 

It is in the r ealm of the clinical laboratory that 

the greatest advances i n the understanding of hepatic 

coma h ave t aken place. As stressed earlier, this syn­

drome occurring with l i ver failure is principally one 

of physiologic and met abolic derangement. It is for 

this reason that the f ollowing discussion is both 

lengthy and detai led, t his author firmly believing 

tha t herein lies the wa y to a better understanding and 

appreciation of l iver coma. 

As the symptoms of h epatic coma are primarily based 

on central nervous sys t em derangement, it might be 

thought that cons iderable information would be found in 

the brain's surrounding medium, the cerebrospinal fluid. 

Yet, studies on t he cerebrospinal fluid during hepatic 

co~a have been r elatively sparse and non-illuminating. 

Further concentra ted work on this body fluid, along 

wd.·t.h development s in technical procedures, may reveal 

much toward so l v i ng the problems of liver failure. 

Amatuzio (11) studied the spinal fluid in Jaundiced 

patients with and without hepatic coma. With cirrhosis 

alone, no increas e in protein wa s found, bilirubin being 

present in 8 of 10 patients. Bilirubin was found in the 

cerebrospinaJ. fl uid in 10 of 11 cases in coma, while the 
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spinal protein was eleva ted in each instance. Cell counts 

were normal in al l case s . In earlier studies, Amatuzio 

(12) found elevated pyruvic acid levels in the spinal 

fluid of 8 of 12 patient s in coma, hypoxia being ex­

perimentally excluded a s the resposible mechanism. 

Adams and Foley (3), in their series of 25 cases, found 

neither pleocytosi s nor abnormal protein elevation. 

Snell and Butt (13 ) perf ormed spinal fluid studies in 

2 patients, normal findi ngs being found in both. 

Abnormal elect r olyte patterns are a common occurrence 

with liver coma and, mor e often than not, are important 

contributory f actors in the demise of the patient. 

Carfagno et al (14 ), in a series of 11 patients, found 9 

with significant hypokal emia, presumably on the basis of 

st arvation and diarrhea . Other common findings in this 

series were hypocalcemia , acidosis and elevated pyruvic 

and lactic acid l evels. Serum sodium and chloride 

levels are commonl y depr essed, often a result of over­

enthusiastic therapy. Lowered Mg levels have also been 

noted by some authors. Abnormally low blood sugar levels, 

occasionally due t o liver damage per se, may lead to 

coma and death. 

NPN elevation and BUN elevation are extremely common 

findings as noted by bo t h Karl (2) and Davidson (9). 

Various liver function t ests show abnormalities as 
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expected with advanced liver disease. None are of value 

in d4termining the degree or probability of coma but 

serve to indicate the extent of liver damage present. 

Davidson (9) stresses the marked reduction of blood 

cholesterol esters with the onset of coma, the explatnat­

ion not forthcoming. Carfagno (14) found the prothrom­

bin time to be elevated in all of his 11 patients, there 

being no response to vitamine K. Generally, his series 

of cases showed normal~thymol turbidity levels, two 

patients in overwhelming failure having negative ceph­

alin-cholesterol floculation tests. Elevation of neutral 

fat and depression of phospholipids were found in a few 

cases. In Karl's (2) series, the thymol turbidity was 

abnormal in 65%, ceph-cholest. at J-4 plus in 100%, 

BSP elevated in 94%, prothrombin time elevated in 94%, 

serum bilirubin elevated in 88%, serum albumin depressed 

in8?%, serum globulin elevated in 85% and total choles­

terols depressed in 69%. 

No particularly valuable information has been gained 

in studies of erythrocytes or of bone marrow. Anemia 

has been a constant finding in most series, being 

either nomocytic , macrocytic or microcytic (Karl-2). 

Leucocytosis was found in 58%. 

In the l ast f ew years, considerable work has been 

done on aminoacid and ammonia metabolism in the normal 

-14-



am.it's alteration and significance in the patient in 

liver coma. In particul ar, the role of glut amic acid 

and ammonia has received considerable impetus. Duncan 

(15), in discussing protein metabolism in the human, 

points out the rol e of both above mentioned substances 

in the normal indi vidual , apparently their most signif-
, 

leant role being in the production of urea. For pur-

poses of clarification, it would be well to briefly 

review the method of fo r mation of urea: 

Ornithine plus CO2 plus NH3 ------~Citrulline 

Citrulline plus NH3 -----~Arginine 

Arginine plus H2O plus Arginase----➔Urea plus Ornithine 

The above diagram is classical but leaves out many sub­

div i sions and cont ribut i ng factors toward urea production. 

In the synthesis of cit r ulline, the aminoacid glutamate 

is found to act as an i nitial acceptor of t h e CO2, 

giving rise to the subst ance carbamyl glutamic acid. 

The carbamyl group is t nen donated to ornithine and, 

with ammonia, citr ulline is formed (the reaction being 

dependent on ATP) . Thus is seen the apparent basic 

reiationship between ammonia and glutamic acid, although 

other factors tend to t horoughly complicate the picture. 

Generally, clinical observers have thought of glutamic 

acid as binding wi th the "free ammonia 11 in the blood to 

form glutamine and event ually urea, the process probably 

taking place entir ely wi thin the liver. 
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Although the above st ated reaction would not appear 

to t ake place directly, most authors apparently feel 

t hat t h e reaction at least gives a clear picture of a 

gener ally confusing topic. As pointed out by Seegmiller 

(16), "a close met abol i c rel ation exists between 

ammoni a metabolism and glutamine, these not being dir­

ectly in the pathway to urea formation, but rather that 

glutamic acid offers a method for detoxifying and trans­

porting ammonia•. One would probably be wise to accept, 

for the time being , the role for glut amic actd as post­

ulated by Seegmill er. 

Other roles fo r glutamic acid have been postulated or 

rather convincingl y proven. Among these is the role of 

glutamic acid in carbohydrate metabolism. Duncan (15) 

points to it's importance in the catalytic reactions of 

intermediary carbohydrate metabolism while Walshe (17) 

states that glutamic ac i d is deaminated to alph-keto­

glutaric acid, which t hen enters the Krebs cycle. 

According to Walshe (17 ) , the role of glutamic acid in 

t h e brain is based on t hree enzymatic reactions •••••..• 

deamination, transaminat ion and amidation •.••• "all are 

part of the system for r emoving intracellular ammonia". 

Walshe (17) also f ound glutamic acid essential for AcH 

synthesis and ca t i on transport in the brain, kidney etc. 

As pointed out by Duncan (15),and wotth mentioning 

fo r further attempts at clarification, the liver is 
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probably the chief site of aeamination of the amino­

~cids, producing ammonia and keto acids (some workers 

feel that the wal l of t he GI tract and the kidney are 

the important sit e s of deamination rather than the liver~. 

With removal of t he liver, a decrease in blood urea 

and a marked rise in in j ected aminoacids (normally 

remains constant) is no t ed •....• eventually, complete 

failure of urea f ormation occurs. 

Thus one can ob jectively see the cause for increased 

aipmonia levels in the bl ood and alterations in amino­

acid types with s evere l iver disease, the clinical im­

portance to be di scussed shortly. Also, it is obvious 

why stress should be placed on the metabolism of glutamic 

acid, particularly if i t is true that this substance is 

responsible for neutral i zing and transportang blood 

ammonia. Although the exact metabolic picture is some­

what difficult to unders tand for the average clinician , 

and the entire st ory of metabolism in the human is far 

from complete, pre sent knowledge has led to some im­

portant observations on altered ammonia and aminoacid 

metabolism in the abnormal state of hepatic coma •..• it 1 s 

probable significance and it's response to therapy. 

One of the big problems at present is the need for 

a more complete underst anding of basic metabolism as 

we now know it •...• quite frequently, workers in the 
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field of liver disease are either lax in their knowledge 

of metabolism or appear unable to present information 

in a complete and understandable manner. This would 

seem to lead to many therapeutic approaches in hepatic 

coma which are completely empirical ••..• although this 

in itself is not t o be condemned, a plea should be made 

for better underst anding and forthwith, more rational 

approaches to the problem of liver disease and hepatic 

coma. 

As concerns the alteration in ammonia and aminoacid 

metabolism in hepatic coma, Walshe (?), in recent years, 

was one of the first to delve into the problem, He 

showed a rise in t otal aminoacids, as well as the 

presence of an occasional rare aminoacid in the urine 

and plasma of pat i ents i n liver coma. Walshe postulated 

that changes in aminoaci d patterns were capable of pro­

ducing varying neurologi cal syndromes which would be 

potentially revers ible and would not be associated with 

significant micro s cGpic brain changes. The striking ab­

normality found by Walshe (?) was in the great excess of 

glutamine. Paper chromatography has shown profound 

disturbances of aminoacid metabolism in liver failure. 

Of most significance appears to be the great rise of 

glutamine concentr ation in the cerebrospinal fluid •••.• 

this may be due to an increase in cerebral ammonia 
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formation or to increased absorption of ammonia products 

from the gut and/or the failure of the liver to detoxify 

the ammonia passing through. (Latter theory considered 

unlikely by Walshe-?). 

Flock and Block (18) performed interesting studies on 

the changes in free aminoacids of the brain and muscle 

following total hepatectomy in dogs. They noted an acc­

umulation of many free aminoacids of plasma after removal 

of the liver (if sufficient glucose given to prevent 

hypoglycemia). Glutamine, the most abundant aminoacid 

of the plasma, was noted to increase the most •••. part­

icularly is this increasenoted in the brain while no 

significant changes in glutamic acid concentration were 

noted in the brain (a great decrease in glutamic acid was 

noted in muscle). The authors felt that altered brain 

metabolism was the cause of the high glutamine levels in 

the brain, mentioning the possibility that this aminoacid 

may be synthesized in the brain. 

Seegmiller et al (16), in their discussion on ammonia 

and glutamine in hepatic coma, found that 15-25% of the 

total alpha-aminoacid of plasma was glutamine and felt 

that this may be i ncreased in the abnormal state of liver 

coma. The above workers were unable to show any relation 

between clinical status and plasma glutamine levels ••••• 

they found a somewhat better correlation between plasma 
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ammonia and the cl inical status, a direct quantitative 

relation lacking. 

As regards blood ammonia levels, considexable studies 

and sharp controversies have raged over the last few 

years. When firs t introduced, blood ammonia studies 

were thought by many to be the important diagnostic 

feature in hepatic coma , elevated levels being directly 

correla ted with t ne state of coma. As further work was 

done, the value of ammonia levels was questioned and it's 

exact role in the production of hepatic coma became some­

what more nebulous. Nonetheless, it cannot be denied 

that increased circulating ammonia appears to play a 

vital part in the production of hepatic coma and that 

it's understanding is of upmost importance as concerns 

modern thinking on the physiology of liver failure. 

One of the most perplexing problems connected with 

ammonia metabolism is that dealing with the measurement 

of blood ammonia levels, a difficult procedure at best. 

The relationship between ammonia levels and the degree 

of coma will cont inue t o be in doubt as long as there is 

doubt as to the accuracy of the procedure for measuring 

the concentrat i on of t he former. It must also be admitted 

that measurement of the latter is no better than the ex­

perience and Judgement of the observer. Nelson (19) and 

Traeger (20) have adopt ed the ammonia analysis method of 
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Seligion and Hirahara. In this procedure, :!1-free ammonia" 

is liberated from a sample of blood by contact with an 

alkalai, the ammo nia be i ng collected by diffusion and 

measured colorimet ricall y. Other workers have made use 

of the Conway micr odiffusion method of ammonia analysis. 

The basic problem in me asuring 11 free ammonia 11 levels is 

the uncertainty as to how much of the ammonia measured 

is actually circul ating free in the blood and is not 

broken from a chemical bond during chemical determinations. 

For the present, and unt il more reliable methods are 

available, we mus t accept the above mltioned determin­

ations as being f airly accurate and usefult. 

In general, studies have shown that significantly 

high levels of ammonia are present in the blood of 

patients with impending coma or coma of liver origin. 

Traeger (20) found that in patients with cirrhosis only, 

ammonia levels compared with the normal control while 

the highest levels were found in those with hepatic coma. 

Unfortunetly, the elevation in some patients did not 

exceed that found in others with cirrhosis only. Two 

patients showed serial ammonia increases while progres­

sing from a clear state to coma, while oral ammonia 

chloride, when given tm individuals with cirrhosis, 

caused a greater r ise in ammonia levels than in normals. 

In Traeger 1 s series, significantly elevated levels were 
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not found in five patients with hepatitis or four with 

uremia. In conclusion, Traeger, Gabuzda et al (20) 

found that ammonia metabolism was often derranged 1n 

cirrhosis; however, they were unable to sufficiently 

correlate ammonia levels with the state of conscious­

ness and thus coul d not establish a causal relation­

ship of ammonia to hepatic coma. 

Sthwartz et al (21), in th~ir series of 22, noted an 

elevated blood ammonia l evel in patients with and with­

out impending coma or coma. They also felt there was 

no precise correlation between ammonia concentration 

and the degree of consci ousness. Mann, Bollman et al (22) 

found blood ammoni a levels to be normally less than 2 

micrograms. They noted an elevation in liver disease 

which was not exactly correlated with the degree of 

consciousness. These workers believed the ammonia 

elevations could be expl ained by circulatory consider­

ations alone ••... the partial by-passing of the cirrhotic 

liver by the portal system and the subsequent reduction 

of biood flow to t his organ allowed for increased 

ammonia levels. (due to bacterial breakdown of nitro­

genous substances in the gut.). 

An interesting study on blood ammonia was made by 

Nelson and Seligson (19) on normal and shock states in 

dogs. This group noted a 11 constant rise in peripheral 
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blood ammonia in sustained hypotension". The renal and 

portal vein blood showed elevation while hepatic vein 

blood showed considerably lowered ammonia levels in the 

normal, an indication of the part played by the normal 

liver in the removal of ammonia from the body. In 

animals in hemorrhagic shock, this group found that 

blood from all vessels showed elevated ammonia levels, 

hepatic parenchym being unable to clear this substance 

adequatly during shock. 

Within the last one to two ye ars, considerable study 

and comment has been made on experimentally produced 

hepatic coma or s yndromes unrecognizable from true liver 

coma. All of the se studies have stressed the importance 

of ammonia or ammonia pr oducts in producing this 

comatose state. Phillips (23) wa s one of the first to 

show the untoward effects of ammonia containing compounds 

when given to advanced cirrhotics. Using such substances 

as ammonia potassi um cation exchange resin, ammonia 

chloride, di-ammonium c i trate, urea and increases or 

dietary protein i n 9 patients, Phillips was able, in 5 

cases, to provoke re act i ons cliniaally indistinguishable 

from impending hepatic coma. Numerous biochemical and 

electrolyte measur ement s revealed no consistent changes, 

although blood ammonia correlated best with the reactions 

observed. 
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Gabuzda et al (24) gave cation exchange resins to 12 

pa tients with as cites (cirrhotics) ••.•.• diuresis occurred 

1n 10, but complications similar to hepatic coma also 

took place in those receiving resins containing ammonia. 

One case showed EEG changes characteristic of liver 

failure. The authors stressed the normality of bio­

ch emical findings other t han the ammonia levels, alhhough 

acidosis (to be di stinguished by ladk of tremor and 

altered mental status) did occasionally cause apathy 

and drowsiness. When hydrogen containing resins were 

used, these author s experienced no difficulties as 

related above. 

Schwartz, Phill ips, Gabuzda et al (25), 1n a recent 

article, showed t hat "individual tolerance to dietary 

protein exists in patients with cirrhosis and exceeding 

this tolerance may induce or aggrevate hepatic eomau. 

One case, in their series of J, showed signs of impending 

coma with a rise i n die t ary protein, while protein re­

striction resulted in a complete remission of signs and 

a reversal of the EEG pattern (these episodes were re­

peated on three oc casions). The authors felt that the 

effect of excess protein was rela ted to ammonia metab­

olism ••.... inabi l i ty ti clear ammonia or effects similar 

to t hat seen with an Eck fistula. 

McDermott and Adams (26,27), in two separate articles, 
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reported on the occurrence of episodic stupor in a 

human with an Eck fistul a. The classical Eck fistula, 

as first evolved i n the dog, involved a shunting of 

prtal blood direct ly int o the inferior vena cava, by­

passing the liver entirely. The patient followed by 

the above authors had t he portal vein resected for 

carcinoma of the panereas, a true Eck fistula being 

r9rmed by the anas tamoses of the superior mesentaric 

vein to the inferi or vena cava. Previously, Eck fistula's 

had been formed i n exper imental amimals only, these 

having led to the work on the "meat intoxication" theory 

in dogs. The pat i ent wi th the Eck fistula suffered a 

series of episodic stupors, characterized by confusion, 

coma, rigidity, and/or r eflex grasping. The onset of 

these symptoms was always acute and ended, after several 

days, in complete recovery. High protein dtet, ammonium 

chloride, and urea , when given to the subject, would 

produce ne-urological di s orders similar to symptoms occ­

urring with spontaneous onset. The authors felt that 

ammonia, which was always markedly elevated at the onset 

of stupor, was fo r med i n the gut and not detoxified by 

the liver through which it could not pass. 
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PREVENTION AND THERAPY 

Having thus concerned ourselves with the etiology, 

pathology, symptomatology and physiology of hepatic coma, 

we are now ready to delve into the problem which most 

concerns the public-at-large ••.... prevention and therapy 

of liver failure. Until recently, little in the way of 

therapy could be offered the patient in hepatic coma. 

With increased understanding and interest in the disease, 

physicians have adopted a new and challenging outlook 

toward a syndrome which still carries an ex~remely poor 

outlook. 

For many years , therapy and prevention consisted 

mainly of diet ary management and prayer ....• theee factors 

are still of upmo s t importance. As stated by Karl (2), 

Walshe (17) and Murphy (8), as well as other prolific 

writers on t his s ubject , a nutritious diet, with gener­

ally high caloric , protein and vitamine supplements , 

is of great value . Tube feediggs or use of IV glucose, 

the latter in dail y amounts of 1-3 liters of 5-20% 

dextrose, are commonly used. Glucose aannot be con­

sidered harmless • • .. if given with complete disregard for 

electrolyte balance, one may be faced with the problem 

of a comatose pat i ent, e tiology being low potassium. 

Other electrol yte abnormalities commonly occur and are 
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deserving of caref ul and continuous check, the levels of 

sodium and the CO 2 combi ning power being of particular 

significance. As stated earlier, electrolyte derange­

ments often simula te coma due to liver failure and may 

readily contribute to t he demise of the patient. 

Excessive amounts of therapeutically administered 

electrolytes may often aggrevate the patients condition. 

The importance of the cl inical laboratory, in the care 

and maintenance of the comatose patient, cannot be over­

emphlsized. 

The use of crude liver extracts and lipotropic agents, 

although probably never responsible for a patients re­

covery, are probably war rented as relatively harmless 

measures. Use of low s alt regimen, along with diuretics 

to combat the asc i tes commonly seen, is rather standard 

practice and is pr obabl y indicated where findings 

warrent their use , again with a careful eye to electrolyte 

problems. In light of this, it is interesting to note 

Davidson's (9) comments on the apparent lack of water 

tolerance found i n hepat ic coma, suggesting an increased 

antidiuretic activity due either to "increased secretion 

or failure of inactivat i on of the hormone by the damaged 

liver 11
• Because of the above findings, Davidson states 

that the use of hypertontc saline may occassionally be 

4ffective. 
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Parenteral prot eins have been advocated by many 

authors (Murphy-8 , Watson-4, Walshe-17) but Karl (2) 

has questioned the poss i ble harmful effects of such 

substances as serum albumin and various amino acids. 

Of particular recent int erest has been the studies with 

the Eck fistula i n man (McDermott and Adams-26,27) as 

well as the meat i ntoxi cation syndrome observed in dogs 

With the same fis t ula ( see previous comments). Because 

Because of these f indings, the above authors have 

stres sed the impor t ance of a low protein diet. Th is 

was most recently point ed out, as previously mentioned, 
w 

by Schwartz, Gabuzda et al (25) who ahoed dramatically 

the contribution played by dietary protein restriction 

in the relief of symptoms in a comatose patient. 

Although the impor tance of protein restriction as a 

measure of relief to the stuporous patient cannot be 

ignored and may warrent a trial, it should be used only 

in the more severe and unresp onsive cases ••.•. the 

building blocks of the body and it!s material for repair 

work are still the proteins brought to it from the outside • 

Other therapy nas been used tn: aymptomatic measures •. 

••.•• sedatives are often required but should be used with 

upmost caution els e thJy precipitate the comatose state. 

In t his regard, Demerol and phenobarbital are probably 

somewhat safer to use. Correction of anemia is of no 
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small importance and paracentisis, when necessary, is 

valid treatment, repeated, small fluid withdrawels 

being best tolerated (Davidson-~). The importance of 

infection, localized or systemic, has been stressed by 

Murphy (8), sepsis often complicating liver failure. 

Vigorous antibiotic treatment is thus indicated. 

Three other methods of therapy have become rather 

prominent in the literature in the last few years •...•• 

while offering hope and further stimulating interest, it 

would appear that neither ACTH, Cortisone, Aureomycin 

and/or glutamic acid in any combination are the final or 

ultimate answers t o the problem of liver failure, if, 

indeed, their is one. 

Farquhar, Stokes et al (28) noted a more severe degree 

of hepatic necros i s in the left lobe of the liver as 

compared to the r ight. Because the blood supply to the 

left lobe is principally from the large bowel, the 

authors felt that the severe necrosis was due to bacteria 

or their products from the colon. In their limited 

series,they noted dramatic response to the use of 

Aureomycin, postulating an antibacterial action on the 

gut or liver. Karl (2) also recommended the use of 

Aureomycin, both as an antibiotic and as a possible 

retarder of hepatic necrosis. Other authors (McDermott 

and Adarns-16) have recommendad the use of sulfa drugs as 
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a purely bacteriostatic drug causing subsequent reduction 

in blood ammonia levels. Fin~lly, Davidson (9) would 

not recommend Aureomycin as a specific agent in hepatic 

coma because of the problem of severe staph diarrhea. 

Aproximately two years ago, Walshe (17), in discussing 

the role of glutamic acid in the body and it's relation­

ship with ammonia (see previous discussion), used the 

sodium salt of glutamic acid with benificial effects in 

J cases. Walshe postulated the mechanism as being of 

cerebral or hepatic function, the action of the salt 

being in binding ammonia or influencing favorably some 

aspect of the Kreb s cycl e. Riddell and McDermott (29), 

in a general discussion of hepatic coma, felt that 

glutamic acid may cause some improvement in the clinical 

picture. 23 grams of sodium glutamate was given to 8 

patients in a seri es reported by Webster and Davidson (JO), 

the patients being in i mpending coma, coma or impending 

coma induced by ammonia salts. These authors were unable 

to show any benefi cial or preventative effects with the 

use of glutamate and fo und no constant changes in the 

ammonia blood levels. 

The role of ACTH and/ or cortisone has also received 

increased stress of late , whenever therapy in liver 

failure is discus sed. I n a complete series by Evans, 

Spring and Nelson (Jl), the effect of both hormones was 
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discussed in varying phases of liver disease. The two 

hormones were given to 6 comatose patients, all 6 

dying without significant improvement, the authors ad­

mitting the possibility of initiating thera~y too late. 

Their conclusion was that ACTH and cortisone, although 

of occasional value in certain forms of liver disease, 

are generally not indicated for routine use. 

Ducci and Katz (32), in an earlier report, commented 

on the treatment of twa patients with fulminant hepatitis 

leading to liver coma, These cases were treated with 

cortisone and aureomyci n , spectacular response occurring 

in 48 hours. Rec ently, Alexander and Porter (33) 

re ported on a deeply comatose patient in hepatic failure 

treated with 23 gr ams of Sodium glutamate ( 11 Accent 11
) IV, 

fluids and a total of 200 mg of ACTH. The result was 

gradull improvement and eventual release of the patient. 

Loomis and Wal sh (34 ) used steroid therapy in 18 ca ses 

with i mpending coma or coma, noting improvement clin­

ically and laborat ory-wi se in 12 cases. High relapse 

rates were prevent ed by gradual reduction in the dosage 

of the steroids. In a s ymposium on liver coma moderated 

b~ Butt (1), the value of ACTH or cortisone was questioned, 

the moderator speculati ng that the steroids may cause an 

actual elevation of blood ammonia. 
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SUMMARY 

Hepatic coma is a syndrome of metabolic derangement 

occurring with severe hepatic dysfunctio~, following 

either a chronic degenerative process or complicating an 

exceptionally acute liver inflammation. Numerous factors 

may initiate the comatose state, notably starvation, recent 

alcoholic debauch and generalized worsening of the 

liver condition. Iatrogenic factors are all to common 

in precipitating liver coma. 

Neuropathological studies have revealed little in the 

understanding of the subtle biophysiologic changes 

present in hepatic coma. Recent studies have shown a 

rather non-specific glial change in the Central Nervous 

System ..•.. increase and enlargement of protoplasmic 

astrocytes. Other brain changes, as seen under the 

microscope, are highly non-specifi~ as are changes in 

all other organ systems of the body. The liver shows 

changes typical of either acute or chronic liver disease. 

The symptom complex, along with the history of liver 

disease, is the only definitive method of diagnosing 

hepatic coma. Mental confusion and restlessness are the 

symptoms observed initially in hepatic failure, the 

comatose state finally intervening. Development of the 

typical 11 flappir:g tremor" of the outstreched arms is 

characteristic and usually establishes the diagnosis. 
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Numerous other non-specific reflex and neurological 

changes may be observed, no particular pattern or order 

of involvement being observed. EEG changes are char­

acteristic in coma of liver failure, usually not being 

necessary to establish the diagnosis in clear cut cases 

and of little value in the more questionable circum­

stances. Physical findings common to cirrhosis are, as 

would be expected, often present in liver coma. As no 

laboratory tests are, as yet, of definite value in all 

cases of hepatic coma, one must still rely on the acumen 

of the physician for the final diagnosis. 

Being primarily a metabolic abnormality, hepatic 

coma may be more readily studied and understood in the 

clinical laboratory. Abnormal electrolyte patterns, 

whether due to neglect or faulty therapy, are common 

findings in this disease process. Liver function tests 

generally show severe liver damage but present no spec­

ific findings in hepatic coma. Cerebrospinal fluid 

studies have been singularly unenlightening, although 

alteration in protein content do appear. Arninoacid 

changes, particularly as concerns glutamine, have been 

noted by many authors, the elevation of these substances 

being particularly noteworthy. Although considerable 

work has been done, no correlation has been shown be­

tween aminoacid levels (glutamine) and the state of 

coma. 
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Blood ammonia levels have been of considerable int­

erest in the last few years, most workers noting a 

marked increase in hepatic coma. Again, no direct 

correlation between ammonia concentration and the state 

of coma has been convincingly shown, although work along 

this line holds much promise. It would appear that 

elevated ammonia levels, due to failure of detoxification 

in the damaged liver, _ar~ an important factor in the 

production of the neurological syndrome and eventual 

death of the patient in hepatic failure. Along this 

line have been the numerous studies on the effects of 

ammonia containing compounds and high protein diets in 

precipitating liver coma , or syndromes resembling this 

disease, in : patient s with severe hepatic derangement. 

Therapy in hepat ic coma has made considerable progress 

over the last decade; nevertheless, preventive measures 

are of greatest importance, the prognosis in liver coma 

being uniformily poor. Perper dietary regimen and ad­

equate supplements are of great value ••.... the use of a 

low protien diet should be used only in highly selected 

cases. Attention t o the correction of any electrolyte 

imbalance is particularly important and necessary. 

Glutamic acid, in spite of initial favorable reports, 

appears to offer little aid . . Use of antibiotics, part­

icularly Aureomyci n , may be of value but occasionally 
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creates difficult complications. ACTH and cortisone 

seem to have a favorable effect, both subjectively and 

objectively, on patients with severe liver damage. 

Although opinion is f ar from unanimous, steroid therapy 

appears to be useful in the more severe ca ses of liver 

failure. 

This author is particularly grateful to Dr. George 

Loomis for his unquestionable aid in the initiation 
for 

and compilation of data nece s sary writing this review. 
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CONCLUSION 

This review has concerned itself with a complete 

study and evaluation of a syndrome occasionally occur­

ring in patients with marked liver damage ••.. hepatic 

coma. A brief resume• of important etiologic factors 

was given. Following this ~was a review of the neuro­

pathological findings in hepatic coma, emphasis being 

placed on the limited and non-specific findings present 

in the CNS in this syndrome. A complete description of 

the clinical findings and symptomatology was presented, 

particular reference being made to the mental confusion, 

a~~ restlessnes and typical flapping tremor present 

prior to coma. A discussion of the numerous metabolic 

derangements present in liver failure followed, consid­

erable stress being placed on the role of aminoacide 

and ammonia in this disease, along with the effects 

produced by ammonia-conta ining substances. Finally, a 

general picture of the t r ends in therapy was reviewed, 

supportive treatme nt and steroid being of primary import­

ance at the present time. 
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