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R WILLIAMS, J WENDON. Acute hepatic faulure. Can J Gastroenterol 1993; 

7(7):535-541. The etiology of acute liver failure in patients without pre-existing 
liver disease varies depending on geographical location. In the United Kingdom, 

acetaminophen toxicity remains the most common cause while worldwide, viral 
hepatitis B is the most prevalent cause. The management of patients with acute 

liver failure requires the application of good basic intensive care - recently, the 
advent of liver transplantation has widened the therapeutic options available. 

Careful attention to cardiovascular monitoring and manipulation of hemody
namic variables is required and mechanical ventilation is needed in patients who 

progress to grade III/IV encepaholopathy. Renal replacement therapy is best 
achieved using a continuous hemodiafiltration system rather than hemodialysis 

in patients who present with acute liver failure. The development of cerebral 
edema is a common and frequently fatal complication, and requires meticulous 
care involving intracranial pressure monitoring. Patients are functionally immuno

supressed and require frequent bacteriological surveillance, the incidence of both 

bacterial and fungal sepsis being very high. In some patients, such as those with 
lymphoma presenting as acute liver failure, specific chemotherapeutic regimens 
may be available. The advent ofliver transplantation has offered a great advance 

in the management of acute liver failure but requires stringent patient selection 

such that those patients with a good chance of spontaneous recovery Jo not 
undergo transplantation, while those with a poor prognosis can be considered. 
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lnsuffisance hepatique aigue 

RESUME: L'etiologie de l'insuffisance hepatique aigue chez les patients qui 
n'avaient eu aucune maladie hepatique auparavant, varie selon les lieux geog
raphiques. Au Royaume-Uni, la toxicite liee a l'acetaminophene en dcmeure la 

plus frequente cause, alors qu'ailleurs clans le monde, on l'attribue surtout au virus 
de l'hepatite B. Le traitement des patients en insuffisance hepatique aigue exige 

de tres bons soins intensifs, et recemment, la mise au point des transplantations 
hepatiques a diversifie les options therapeutiques offertes. Une attention particu

liere doit etre accordee a la surveillance cardiovasculaire et a la manipulation des 
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FULMINANT HEPATIC FAILURE (FHF) 

is the term used to describe patients 

with a very rapid progression of symp

toms and signs of liver failure, with de

velopment of encephalopathy within 

eight weeks of symptom onset (1) in 

patients without preceding liver dis

ease. A similar group of patients are 

those with late onset hepatic failure 

(LOHF), defined as the onset of 

encephalopathy within eight weeks to 

six months of the development of 

symptoms - again , in patients without 

preceding liver disease (2). The stratifi

cation of patients with respect to the 

speed of onset of encephalopathy is of 

great importance since this, in associa

tion with etiology, carries prognostic 

implications and is of special impor

tance when transplantation is being 

considered as a therapeutic option. A 

number of alterative classifications 

based largely on time interval between 

onset of symptoms/jaundice and devel

opment of encephalopathy, and includ

ing such terms as 'subfulminant hepatic 

failure' have been described (3). Analy

sis of our data showed those with the 

most rapidly progressive disease who 

developed encephalopathy within 

seven days of the onset of jaundice had 

the best prognosis. On the basis of this 

analysis, we have proposed a new divi

sion and classification of hyperacute, 

acute and subacute hepatic failure to 

encompass the whole range of liver fail

ure (Table 1). 
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variables hemoclynamiques, et une ventilation mecanique est souvent necessaire 

chez les patients qui evoluenr vers une encephalopathie de classe III/IV. Le 

traitement substitutif renal s'cffectuc mieux au moyen d'un systeme d'hemofil
tration continue qu'au moyen de l'hemodialyse chez les patients en insuffisance 
hepatique aiguc. L'installation d'oedeme cerebral est une complication frequente 

et souvent fatale pour laquelle ii faut surveiller de pres la pression intracr:iniennc. 

Les patients se trouvent fonctionnellement immunosuppnmes et neccssitent 
aussi une surveillance hacteriologiquc frequence puisque !cs infections, tant 
fongiques quc bacteriennes sont frequentes. Chez certairu sujets atreints de 
lymphomes avec insuffisance heparique aigue, des schemas chimiotherapeu

tiques sont offerts. La mise au point de la transplantation hepatique a pcrmis au 

traitement de l'insuffisance hepatique <le faire de grands pas, mais requiert une 
selection judicieuse des cas; en effet, les patients susceptibles de se rcmeme 

spontanemcnt ne subiront pas la transplantation, qui est davantage indiquec dans 

les cas ou le pronostic est sombre. 

TABLE 1 
Summary of rationale for proposed new terminology 

Parameter 

SuNival 

Cerebral ede ma 

TABLE 2 

Hyperacute 
(0 to 7 days) 

Reasona ble 

High 

Etiology of fulminant hepatic failure 
progressing to grade Ill and IV he
patic encephalopathy. Institute of 
Liver Studies, Kings College Hospital: 
1973-93 

Etiolo Number(%) 

Acetaminophen 765 (60.9) 

Viral hepatitis 329 (26.2) 

Hepatitis A 60 (4.8) 

Hepatitis B 94 (7.5) 

Non-A. non-B 201 (16.0) 

Others 6 (0.5) 

Halothane 45 (3.6) 

Drug reactions 32 (2.5) 

Miscellaneous 86 (6.8) 

Tota l 1257 (100) 

ETIOLOGY 
The etiology of FHF in the United 

Kingdom is most commonly acetami 

nophen overdose, taken with a suicidal 

or parasuicidal intent. Toxicity has, 

however, been reported following 

lower occasional (therapeutic) doses in 

patients concurrently taking enzyme

inducing drugs and in patients who arc 

chronic consumers of alcohol (4). Halo

thane is seen much less frequently than 

previously among the drugs responsible 

for idiosyncratic drug reactions leading 

to FHF. Other agents include isoniazi<l, 

Acute 
(7 to 28 days) 

Poor 

High 

Subacute 
~29 to 84 days) 

Poor 

Low 

monoamine oxidase inhibitors, golJ, 

sodium valproate, cotrimoxazole, sul

phonamides, disulphuram, kecocona

zole, phenycoin and, most importantly, 

a number of the nonstcroidal anti-in

flammatories. 

Viral hepatitis A is an uncommon 

cause of FHF in the United Kingdom, 

although the increased incidence re

ported from some countries may relate 

to exposure to the vims later in life. 

Diagnosis depends on the finding of 

immunoglobulin (lg) M antibody in 

the serum. FHF may occur following 

exposure to hepatitis B virus (HBV), 

and there is recent evidence showing 

that a mutant strain is associated par

ticularly with a fulminant course (5). A 

fulmi nant course may also be seen in 

HBV surface antigen carriers at the 

time of a superinfection with hepatitis 

D virus (6). In HBV infection, viral 

replication has usually ceased by the 

time of presentation with FHF (2); 

since surface antigen is cleared more 

rapidly than in ordinary acute hepatitis, 

the presence of the lgM antibody to 

core antigen is required for diagnosis. 

Fulminant hepatit is may also present in 

patients with reactivation of HBV in

fection following immunosuppressive 

therapy (7 ). Non-A, non-B hepatitis 

has been implicated as the predomi-

nanc cause of FHF and of late-onset 

FHF (8). Within this group, hepatitis C 

infection accounts for a very small 

number of cases only in the United 

Kingdom, USA and European series; in 

Japan, it accounts for the major per

centage of non-A, non-B FHF and 

LOHF (9,10). Recent studies from the 

authors' unit have shown that hepati tis 

E virus accounts for about 10% of the 

sporadic cases of non-A, non-B hepati

ti~ seen in patients in the United King

dom and Europe (11 ). This virus is 

associated particularly with FHF in 

pregnancy, and this group carries a very 

high mortality (12). O ther viral agents 

that can result in acute hepatitis are 

cyromegalovirus, Epstein-Barr, herpes 

simplex, coxsackie B and echovirus. 

Rare causes of FHF that should be con

sidered are acute fatty liver of preg

nancy, lymphoma, ischemic hepatitis 

from shock and other low output car

diac states, and acute Bud<l-Chiari 

syndrome. In a patient with all the 

signs of acute liver failure, with sig

nificant hemolysis in addit ion, fulmi

nant Wilson's disease should always be 

considered . The Institute of Liver Stud

ies' experience is summarized in Table 

2. 
Outcome from FHF has improved 

over the years with a number of impor

tant advances in intensive medical 

care, and the developmen t of trans

plantation as a therapeutic option in 

patients with FH F has resulted in 

further increases in survival; th is is rele

vant especially to patients with pre

sumed non-A, non-B hepatitis. Im

provements in overall survival for the 

authors' unit arc given in Figure 1. 

INTENSIVE LIVER 

SUPPORT 
The management of patients with 

FHF involves crit ical atten tion to de

tail in assessment, aiming to optimize 

remaining function of the affected or

gans and prevent secondary damage. 

Although the classification of compli

cations is separated into a variety of 

systems dysfunction, it is imperative to 

realize the interdependence of such sys

tems with respect to critical care man

agement. 
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CARDIOVASCULAR 

The hemodynamic disturbances 

seen in patients with FHF arc similar to 

those of patients with sepsis, that is, an 

elevated cardiac output and lowered 

systemic vascular resistance index. 

Relative hypovolemia secondary to 

vasodilation is inevitable, and the use 

of a pulmonary artery flotation catheter 

is required to optimize fluid replace

ment. Colloid loading should be 

achieved with either 4.5% human albu

min solutions or blood and crystalloid 

should be given in the form of dextrose 

only. Cardiac arrhythmias are rare and 

usually due to a definable precipitating 

event - hypo- or hyperkalemia, acido

sis, hypoxia or cardiac irritation due to 

insertion of lines. 

Work by Bihari and Gimson 

(13,14), who identified the pathologi

cal supply dependency for oxygen in 

patients with FHF, and significant dif

ferences in hemodynamics and oxygen 

transport variables can be seen between 

survivors and nonsurvivors who have 

lower systemic vascular resistance indi

ces, oxygen consumption and oxygen 

extraction ratios, and higher blood Lac

tates than surviving patients (13). The 

mixed venous lactate correlated in

versely with systemic vascular resis

tance index, mean arterial pressure and 

oxygen extraction ratio, suggesting that 

in patients with FHF there is a distur

bance of the microcirculation resulting 

in a tissue oxygen debt. The use of pros

tacyclin (a microcirculatory vasodila

tor) in such patients results in an 

increase in oxygen uptake, with the 

possibility of lessening or reversing the 

covert tissue oxygen debt ( 14 ). The de

velopment of hypotcnsion in the face 

of adequate intrnvascular filling pres

sures is associated with a poor prognosis 

in patients with both FHF and chronic 

liver disease. Agents such as dobu

tamine are not effective in increasing 

mean arterial pressure. The most effec

tive agents are either adrenaline or no

radrenaline, commencing at a dosage of 

usually 0.1 µg/kg/min. Use of these 

agents may be detrimental with respect 

to oxygen consumption and extraction 

ratio ( with the potential for worsening 

any existing tissue oxygen debt); the 

addition of vasodilators, such as pro-
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Figure l) Percento.ge sur11ival of patients with grade III and IV encephalopathy, Institute of Litier 

studies, Kings College Hospiwl, London, United Kingdom 

stacyclin, may be advantageous, result

ing in an apparent improvement in mi

crocirculatory flow without impairing 

perfusion pressure (15). 

The etiology of'pathological supply

dependency' for oxygen in patients 

with FHF and ocher forms of critical 

illness remains unclear (16). In sepsis 

and other inflammatory disorders, in

creased Levels of inflammatory media

tor~ are present, leading to changes in 

vascular tone (with the potential for 

the development of functional shunt

ing) and increases in capillary perme

ability (leading to interstitial edema). 

Microemboli, as a consequence of cel

lular aggregates and fibrin, can also 

cause alterations in flow. In this situ

ation of maldistribution of flow and in

creased diffusion distance from capil

lary to cell, increased oxygen delivery 

will be required to maintain oxygen up

take to cells at the same level as prior to 

any insult. In FHF there is platelet acti

vation, fibrinolysis, generation of ex

cess thromboxane AZ and deposition of 

fibrin in the microcirculation, resulting 

in microcmboli; this may be related to 

the underlying endotoxemia or to the 

release of thromboplastic material from 

rhe damaged liver. The normal liver, 

with its splanchnic circulation and ex

tensively anastomosing sinusoidal mi

crovasculature, allows ample opportu

nity for the clearance of toxins prior to 

blood re-entering the systemic circula

tion. In the patient with FHF, marked 

impairment of Kupffer cell function oc

curs and clearance of endotox in will be 

markedly impaired, allowing systemic 

endotoxemia and bacteremia. Endo

toxemia results in activation of macro

phages, with release of tumour necrosis 

factor (TNF) and interleukins, whose 

circulating half-life will also be in

creased in the face of hepatic dysfunc

tion. The importance of endotoxin and 

cytokines in the development of multi

ple organ failure has heen demon

strated by several elegant animal ex

periments. Infusion of endotoxin or 

TNF into experimental animals leads 

to a state of hypotension, acidosis and 

multiple organ failure (17), while pre

treatment with TNF antibodies offers 

protection from a septicemic insult 

( 18). Assessment of such treatments in 

the clinical setting is awaited. Recent 

work from this unit (unpublished data) 

has demonstrated elevated levels of cy

tokines in FHF. Levels of interleukin 

(IL)-6 (a marker of endothelial activa

tion) were significantly higher in non, 

survivors than in survivors, while no 

differences were seen between levels of 

TNF and endotoxin. High levels of lL-

6 were seen in association with hypo

tension and cerebral edema. Activa

tion of cytokines in patients with FHF 

may result in high levels of inducible 
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endothelial-derived relaxant factor 

(EDRF), an agent that may result in 

disturbances in microcirculatory 

bloodflow and cycotoxic damage. The 

roles of inducible and constitutive 

EDRF in control of microcirculatory 

bloodflow, both in healthy and diseased 

states, remain to be elucidated, and 

much research is ongoing in this field. 

USE OF N,ACETYLCYSTEINE 

N-acetylcysteine will prevent aceta, 

minophen-induced hepatotoxicity in 

most cases if given within 8 h of the 

overdose - but it is less efficacious if 

given after 8 h and fails to avert the 

development of severe hepatotoxicity 

if given more than 15 h after the over

dose (19). It has always been assumed 

that once hepatic necrosis had devel

oped, administration of N-acetylcys

teine would confer no further benefit. 

However, recent work from the 

authors' unit has shown that patients 

who receive late N-acetylcysteine 

have a better prognosis than those 

who do not, with a lower incidence of 

renal failure and less progression to 

deeper levels of coma despite similar 

prolongation of prothrombin times 

(20). A prospective controlled trial has 

confirmed the beneficial role of N-ace

tylcysteine even when there is evi

dence of encephalopathy and coagu

lopathy; in treated patients there was 

less hypocension and less cerebral 

edema (21). Recent work has demon

strated that infusion of N-acetylcyste

ine results in an increase in cardiac out, 

put, oxygen delivery and oxygen 

consumption in patients with FHF 

(22), accounting for the reduced fre

quency of development of ocher organ 

failure. Several potential actions of N

acetylcysteine may be relevant here; 

it is a potent antioxidant and, as such, 

may stabilize the effects of EDRF and 

prevent endothelial damage by free 

radicals. In addition, it is possible that 

EDRF is important in maintaining tis

sue nutrient bloodflow in critically ill 

patients (but its full activity is not 

sustained because tissue sulphydryl 

groups become depleted). N-acetylcys

teine, by repleting tissue sulphydryl 

groups either directly or by its action of 

increasing cysteine levels ( 23), could 
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rescore full EDRF activity by a mecha

nism similar to its reversal of tolerance 

to nitrates (24 ). 

CEREBRAL EDEMA AND 

ENCEPHALOPATHY 

Once grade 3 to 4 encephalopathy 

develops, the patient is at high risk of 

developing cerebral edema and the 

overall mortality is high. In acetamino

phen overdose, encephalopathy nor

mally develops over the course of three 

to four days following drug ingestion 

and progresses rapidly through the dif

ferent stages over a period of 24 to 48 h, 

while in viral hepatitis, the rapidity and 

rate of development is highly variable. 

The pathogenic mechanisms resulting 

in hepatic encephalopathy and brain 

edema in patients with FHF remain 

incompletely understood. Possible etio

logical mechanisms include the pres

ence of benzodiazepine agonists, alter

ed gamma-aminobutyric acid status, 

increased aromatic amines, ammonia 

and mercaptans. ln conjunction with 

workers at National Institutes of 

Health, the authors recently demon

strated the presence of raised brain con

centrations of 1,4-benzodiazepines in 

patients with FHF (25). 

Cerebral edema develops in 80% of 

patients with FHF who go on to de

velop grade 4 encephalopathy, regard

less of etiology, and is a major cause of 

death (26). It results from a combina

tion of both vasogenic ( extravasation 

of protein and extracellular edema in 

the presence of a damaged blood-brain 

barrier) and cytotoxic (intracellular 

edema) mechanisms when intracranial 

pressure (ICP) rises as a consequence of 

brain edema. The clinical signs are 

those of systemic hypertension: decere

brate posturing, abnormal pupillary re

flexes and, ultimately, impainnent of 

brain stem reflexes. Patients with FHF 

shou Id be nursed at an angle of 20°C to 

maximize cerebral perfusion pressure 

(CPP) (27) and subjected to the mini

mum of tactile stimuli. Thus, mouth 

care and endotracheal suction should 

be minimized. New techniques for ICP 

monitoring are much safer, and the 

authors now use a fibreoptic system 

(Camino, California) inserted at the 

bedside. To allow optimal manage-

ment, an extradural catheter should be 

inserted in all patients with FHF venti

lated in grade 4 encephalopathy to al

low direct measurement of ICP and 

rapid treatment of rises in ICP before 

the onset of pupillary abnormalities. 

CPP should be maintained at greater 

than 50 mmHg. Work recently under

taken at the authors' unit have also 

confirmed chat cerebral bloodflow 

(CBF) and cerebral metabolic rate 

(CMR) for oxygen is low in patients 

with FHF, and hyperventilation results 

in further falls in CBF and CMR02. 

First line management to treat rises in 

ICP is mannitol infusion - 0.5 gm/kg as 

a bolus over 10 mins. Plasma osmolarity 

should be checked and the patient can 

be redosed until a plasma osmolarity of 

320 mOsm is reached. In patients who 

are not diuresing or those with incipi

ent renal failure, ultrafiltration or arte

riovenous hemodiafiltration should be 

commenced to allow for the removal of 

two to three times the volume of man

nitol infused over the next 30 mins. 

Infusion of mannitol to patients with 

FHF results in an increase in both CBF 

and CMROz; infusion ofN-acetylcyste

ine results in similar findings, and this 

may be related to the observed decrease 

in incidence of cerebral edema noted in 

the prospective trial (21). Recent evi

dence from this unit also suggests that 

thiopentone may be useful in patients 

who are resistant to therapy with man

nitol (28). The prophylactic use of dex

amechasone is not of benefit (29). 

RESPIRATORY 

As the Level of encephalopathy 

deepens, artificial ventilation is needed 

both to protect the airway and to treat 

cerebral edema adequately. It is impor

tant that patients with FHF who are at 

risk of cerebral edema receive paralyz

ing agents in addition to sedative 

agents, to prevent coughing on the 

endotracheal rube, which can result in 

surges of raised ICP. 

The arterial hypoxemia that fre

quently is seen in patients with both 

chronic liver disease and FHF is mulci

factorial. Aspiration of gastric con

tents, bacterial infection, intrapul

monary hemorrhage, atelectasis, V /Q 
mismatch and, more rarely, the devel-
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opment of aJult respiratory distress syn

drome are contributory factors. 

COAGULOPATHY 

Prothrombin t ime is the most widely 

used indicator of the degree of liver 

damage, although facrnr V has the 

shortest half-l ife and is theoretically 

the more sensitive yardstick for assess

ing synthesis of coagulation factors. Re

cent work from the authors' unit has 

suggested that factor V and factor 

Vlll:V ratio are useful in predicting 

outcome from FHF (30). In a study of 

115 French patients with fulminant 

hepatitis B, factor V levels were lower 

in the 89 patients who died (17±12%) 

than in the 26 survivors (32±12%, 

P<0.001 ), and multivariate analysis 

confirmed it to be the most powerful 

predictor of outcome (31 ). Circulating 

levels of antithrombin Ill are a lso re

duced, which shortens the half-life of 

administered heparin. In addition to 

decreased synthesis of clotting factors, 

there is an increase in peripheral con

sumption and, in most patients, a de

gree of disseminated intravascular 

coagulation is present (32). Both quan

titative and qualitative defects in plate

let function have been described: 

thrombocytopenta, increased adhesive

ness and impaired aggregation. Risk of 

bleeding appears to correlate not so 

much with prothrombin time, but with 

thrombocytopcnia and the presence of 

overt d isseminated intravascular coag

ulation. The prophylactic use of fresh 

frozen plasma in the absence of bleed

ing is not associated with a reduction in 

either morbidity or morrality and, 

hence, is not indicated (33). 

Gastrointestinal hemorrhage nor

mally is re lated to the development of 

gastric erosions, a lthough work by Mac

dougall et al (34) has shown this to he 

much decreased since rhc use of pro

phylactic I lz antagonists and agents 

such as sucralfatc. 

RENAL FAILURE 

Renal fai lure (urine output of less 

than 300 ml per 24 h and serum crcnt

inine of greater than 300 µmol/L) in 

the presence of adequate intravascular 

fill ing pressures occurs in about 70% of 

patients with acetaminophen overdose 

Acute hepatic failure 

TABLE 3 
Criteria used at King's College Hospital for selection of patients with fulminant 
hepatic failure for liver transplantation 

Acetaminophen-induced 

pH <7.30 (irrespective of 
grade of encephalopathy) 

Nonacetaminophen-induced 

Prothrombln time > 100 s (Irrespective of grade of 
encephalopathy) 

Prothrombin time > l 00 s and 
serum creatinine >300 
~1mol/L In patients with 
grade Ill or IV 

encephalopathy 

Any three of the following variables (irrespective of 
grade of encephalopathy): 
Age <10 or >40 years; etiology- non-A. non-B 
hepatitis. halothane hepatitis; Idiosyncratic drug 

reactions 

Duration of Jaundice before onset of 
encephalopathy >7 days 

Prothrombin time >50 s 

Serum bilirubin >300 µmol/L 

and in abour 30% of ocher cases 02). 

Renal replacement therapy should he 

instituted in patients with acidl)Sis, 

hyperkalemia, fluid overload or creat

inine greater than 400 µmol/L. Inter

mittent machine-driven hcmndialysis 

should be avoided because hypotcnsion 

is a frequent complication and this, in 

association with the rises in ICP thar 

can be seen with machine-driven re

placement therapy (27), can result in 

significant falls in cerebral perfusion 

pressure in patients with FHF. Antico

agulation normally is achieved with 

heparin, bur in patients with a severe 

coagulopathy and disseminated intra

vascular coagulation, prostacyclin nnd 

low dose heparin mny be preferable. In 

adJition, the use of anrithrombin II re

duces heparin requirements (35 ). 

Hypoglycemia 1s a consequence of 

increasing circulating insulin, impaired 

gluconeogcncsis and an inabili ty to 

mobilize glycogen stores. Blood glucose 

should be monitored hourly and 50 ml 

of 50% dextrose should he adminis

tered if blood glucose falls helow 3.5 
mmol/L. Frequently, normoglycemia is 

best achieved by use of a continuous 

infusion of either 10 or 20% glucose. 

Hypophosphatemia is a common oc

currence in patients with liver failure 

who are passing urine, and should be 

treated with appropriate intravenous 

replacement. 

INFECTION 

Infection is a common occurrence in 

patients with FHF relating to compro

mised immune function, impaired neu

trophil and Kupffer cell function, and a 

deficiency of opsonins. In a series from 

the authors' unit, bacterial infection 

was identified in 80% of patients (36) 

and may result in surges of enJoroxin 

and related cytokines into the ~ystemic 

circulation. The infecting organisms 

were Gram-positive in 54% of cases, 

and over 50% of these were St.aJ)hylo

coccus aureus. Fungal infection, pre

dominantly with candida specie~. is 

also a frequent occurrence in patients 

with Fl {F (37). Endotoxin activates the 

complement system by the alternate 

pathway and some of the products thus 

generated may have a role in causing 

the reported increased vascular perme

ability seen in endotoxemia. Impair

ment of the Kupffer cell funct ion limits 

clearance of endotoxin and orher tox

ins absorbed from the gur and may al

low passage of hactcria translocated 

from the bowels into the systemic cir

culation. 

The use of prophylactic antimicro

bial decontamination of the naso

pharynx and gut at the onset of liver 

failure might he effective in reducing 

the incidence of both bacteria l and fun

gal infection. A recent controlled trial 

of selective antimicrobial regimen has 

demonstrated a decrease in incidence 

of infection in treated patients (38). 

TRANSPLANTATION 

Etiology, t ime from jaundice to 

encephalopathy, age, serum bilirubin 

and prothrombin time are important 

predictors of outcome in patients with 

nonacetaminophen-incluccd FHF, 

while in acetaminophen-induced Fl lF, 

pH, prochrombin time, level of 
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encephalopathy and creatinine are im

portant predictors of outcome. On the 

basis of these prognostic features, a 

model for the selection of patients with 

FHF and LOHF for transplantation has 

been developed in the authors' unit (3) 

(Table 3). In patients with acetamino

phen-induced FHF, indicators of a poor 

prognosis - and, hence, consideration 

for transplantation- are pH <7 .3 or the 

presence of a prothrombin time> 100 s, 

serum creatinine >300 µmol/L and 

coma grade at least IV. In patients with 

nonacetaminophen-induced FHF, the 

presence of any three of the following 
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