
Treatment of fulminant hepatic
failure – Is there light at the

end of the tunnel?
KDE KAITA MD FRCPC

FULMINANT HEPATIC FAILURE (FHF)
or acute liver failure is a condition

defined as the development of enceph-
alopathy within eight weeks of onset of
the illness (1). Sub-FHF is defined as en-
cephalopathy developing between two

and 12 weeks after illness onset (2) and
late onset hepatic failure is encephalo-
pathy developing between eight and 24
weeks after the illness (3). Although
FHF is relatively uncommon, approxi-
mately 2000 cases are reported in the

United States annually (4), and it car-
ries a mortality as high as 80 to 90% for
stage 4 coma. As several excellent re-
views have recently been written about
the causes, pathophysiology and com-
plications of FHF (4-11), this paper will
review the therapeutic options that
have been reported in the past, those
being used now and possible therapeu-
tic options for the future.

In brief, FHF is a life-threatening ill-
ness that results ultimately from the
near complete destruction of the liver
by various agents such as viruses, drugs,
toxins, ischemia, genetic disorders or
autoimmune disease. Survival for FHF

patients has improved over the past
two decades despite minimal advances
in specific therapy, likely due to ad-
vances in intensive care medicine (12).
Nonetheless, the search continues for
treatment modalities other than liver
transplantation which, although effec-
tive, has many problems associated
with it. It requires a donor in an urgent
situation who may not match ABO
blood group or size, and life-long im-
munosuppression with all its associated
complications (infection, tumours, re-
nal dysfunction, hypertension, meta-
bolic problems, etc). Liver transplanta-
tion is associated with a survival rate
that, while improving, is still less than
that of non-FHF liver failure (13,14).
The only exception is in patients with
grades 1 to 3 coma in whom survival
can be as high as 80% (15). It is also im-
portant to note that if the FHF patient
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survives without a liver transplant,
he/she is left with a completely normal
liver. Thus, it is imperative that more
effective therapy for FHF be found.

STEROIDS
Two of the initial treatments re-

ported for FHF were adrenalcortico-
trophic hormone (ACTH) and
cortisone in the 1940s and early 1950s.
There are several case reports of im-
provements in biochemistry, appetite,
jaundice and survival in patients with
grade 4 hepatic encephalopathy with
such therapy (16-21). Perhaps the most
cited article is that by Ducci and Katz
(21). Their experience prior to steroids
was that no patient in stage 4 coma
survived FHF. In their study, six FHF pa-
tients were treated with cortisone,
ACTH and antibiotics. However, only
three of the six patients had true FHF;
the other three had chronic hepatitis
and cirrhosis. Of the three with FHF,
two survived after being in stage 4
coma for more than 48 h. The third
died 1 h after admission. The authors
concluded that the treatment might
have been effective by decreasing the
extent of hepatic inflam- mation.

It was not until 22 years later that
Ware et al (22) published the results
of the first prospective, randomized
controlled trial of steroids in FHF. In
this trial of 15 patients, all with viral
hepatitis, 11 were randomized to pla-
cebo and four to steroids. There were
seven survivors in the placebo group
and no survivors in the treatment
group. Since the completion of this
trial there have been three larger, pro-
spective, randomized controlled trials
published (23-25). All three studies
concluded that steroids should no
longer be used for patients suffering
from FHF and may be associated with a
higher mortality than the control pa-
tients. In summary, although steroids at
first looked extremely promising, the
results of controlled trials were not sup-
portive. Thus, steroids have no role in
the treatment of FHF except perhaps for
the rare instance of FHF due to autoim-
mune hepatitis.

It was soon thereafter that a variety
of treatment modalities were reported
to be effective in isolated case reports,

small uncontrolled clinical trials or
both. Examples included hyperbaric
oxygen, coenzymes, hemodialysis and
peritoneal dialysis, exchange blood
transfusions, extracorporeal whole
liver perfusion and cross-circulation
(26). Most promising was a trial by
Trey et al (27) wherein five of seven
FHF patients treated with exchange
transfusions survived. Once again,
however, when a prospective, random-
ized controlled trial was subsequently
performed by Redeker and Yamahiro
(28) the results were discouraging.
No survival advantage was found in
the 21 patients enrolled in their trial
with exchange transfusions; in fact,
there was a higher mortality in the
treatment group.

Plasmapheresis has also been stud-
ied in several case reports. In 1970 Le-
pore and Martel (29) published the re-
sults of this therapy in five patients. No
survivors were reported, rendering plas-
mapheresis much like exchange trans-
fusion.

EXTRACORPOREAL WHOLE
LIVER PERFUSION

Extracorporeal whole liver perfu-
sion and cross-circulation are theoreti-
cally appealing because they afford
time for hepatic regeneration to occur.
However, case reports using porcine
livers, and less frequently human livers,
for extracorporeal whole liver perfu-
sion have not been too successful in im-
proving survival (26). The technique
has recently been looked at again by
Chari and co-workers (30). They
treated four patients, two with FHF due
to hepatitis B virus (HBV), one with FHF

due to ischemia and one with primary
nonfunctional postliver transplant,
with ex vivo pig liver perfusions. All
had temporary neurological and bio-
chemical improvements but only one
survived long enough to be trans-
planted. There are the additional prob-
lems of technical difficulties, immune
reactions and ethical issues. Indeed,
cross-circulation has been associated
with death (31) and could result in
cross-infection of the healthy partici-
pant. Therefore, as with steroid ther-
apy, time and further experience with
these therapeutic options have proven

them to be ineffective and/or inappro-
priate for treatment of FHF in humans.

CHARCOAL HEMOPERFUSION
The next putative advance in FHF

management came with charcoal he-
moperfusion. In the early 1970s, sev-
eral investigators reported that char-
coal hemoperfusion provided survival
rates of 40 to 45% in FHF (32-36). Bio-
compatibility problems between the
charcoal cartridges and platelets led
Gazzard et al (36), at Kings College in
London, to refine the treatment by
adding prostacyclin (a prostaglandin
analogue) to prevent platelet activa-
tion and subsequent hypotension.
With this intervention, survival rates
increased to 65% in patients with grade
3 coma (37,38). Based on these results,
a two-part prospective, randomized
controlled trial was performed by the
investigators from the same location
(39). The trial involved 137 patients
over three years. It was divided into
trial A, patients with grade three coma
who received either 5 or 10 h of he-
moperfusion per day, and trial B, pa-
tients with grade 4 coma who received
either no perfusion or 10 h per day. The
results of the trial led to the conclusion
that enhanced survival was most
likely the result of improvements in in-
tensive care management rather than
charcoal hemoperfusion. This was fur-
ther illustrated by the fact that the sur-
vival rate in the acetaminophen group
was the same in both trial A and the no
perfusion group of trial B (42.9 to
58.3% versus 55.6%). Earlier work at
the Kings College suggested that cere-
bral edema developed less often in pa-
tients treated earlier in grade 3 coma
compared with patients started in grade
4 coma (49% versus 78%, P<0.05)
(38). However, their more recent work
in a controlled setting was not able to
confirm these results (39). In this trial,
cerebral edema developed in 68.4 to
77.3% of patients in grade 3 coma. This
result is not different from the 78%
documented in their earlier work.
Thus, there appears to be little role for
charcoal hemoperfusion alone in pa-
tients with FHF.

320 C�� J G������������ V�� 9 N� 6 S�	��
���/O������ 1995

K����



HORMONES
During the late 1970s insulin and

glucagon therapy was studied. Earlier
work with mice by Farivar et al (40) re-
vealed that insulin and glucagon given
immediately after inoculation with
murine hepatitis virus resulted in a dra-
matic increase in survival. It was felt
that this was the result of increased he-
patic regeneration because previous tri-
als had shown increased markers of he-
patic regeneration in partially
hepatectomized rats treated with insu-
lin and glucagon (41). Moreover, Fari-
var and colleagues also documented in-
creased DNA synthesis in treated rats
compared with controls. Similar results
were found in rats but not rabbits
treated with chemical toxins known to
induce FHF (42,43). Based on these
findings and retrospective reviews
showing a survival advantage com-
pared with historical controls (44,45),
two major prospective, randomized
controlled trials were performed
(46,47). Once again, the results were
discouraging. The two trials included
56 FHF patients in at least stage II en-
cephalopathy. They found no differ-
ences in mortality between the
hormone-treated and control groups.
While a beta error due to the small
sample sizes could not be excluded, the
larger of the two trials found that mor-
tality was higher in the treatment
group (67% versus 82%), which ren-
ders this argument less relevant. Pres-
ently, insulin and glucagon cannot be
considered useful in the treatment of
FHF.

PROSTAGLANDINS
Prostaglandin therapy has recently

received much attention. Positive find-
ings have been reported with various
types of prostaglandins in several mod-
els of FHF, including galactosamine and
murine hepatitis virus-3 (48-59). The
exact mechanism of this protective ef-
fect has not been determined. There is
evidence that prostaglandins are cyto-
protective (51-55), responsible for
preservation of hepatic microcircula-
tion (56), antiviral (58,59), immuno-
suppressive (62-65), and able to pre-
serve the blood brain barrier (66) and
enhance hepatic regeneration (67,68).

The first human studies with prosta-
glandins were reported by Sinclair et al
(69,70) who administered prostaglan-
din E1 (PGE1) to 17 FHF patients with
various viral etiologies. This uncon-
trolled trial found survival to be 100%
in patients presenting with grades 1 to
3 coma and 45% in patients presenting
with grade 4 coma. Overall survival
was 71%, significantly better than his-
torical controls (4-11). However, these
promising results were not supported by
two subsequent uncontrolled trials
from France (71,72). The French in-
vestigators found that PGE1 was ineffec-
tive in increasing the spontaneous sur-
vival rate for FHF due to either hepatitis
B or drugs, or undetermined etiologies.
The only randomized controlled trial
to date was also unable to find an over-
all benefit to prostaglandin therapy
(73). This trial, which involved PGE2,
took place over three years and en-
rolled 41 patients. The survival rate in
the treated group was 40% versus 38%
in the placebo group. On subgroup
analysis, the study revealed that PGE2
may be more effective if started within
10 days of FHF onset, particularly in pa-
tients suffering from FHF due to drugs or
toxins. Obviously further controlled
trials with larger numbers of patients
are required to determine whether
prostaglandin therapy has any role in
the treatment of FHF in humans.

INTERFERON
Work has been done looking at the

role of interferon in patients with FHF

due to acute viral hepatitis. Patients
with fulminant viral hepatitis have ab-
sent or grossly deficient amounts of in-
terferon alpha and gamma (74). Based
on these findings, Levin et al (75)
treated 32 patients with FHF due to vi-
ral causes with interferon alpha (3 MU

intramuscularly for seven to 14 days).
The overall survival rate in this uncon-
trolled trial was 50%. Nine of 22 pa-
tients (41%) with grade 3 to 4 coma
survived. However, the study popula-
tion included 17 patients with hepatitis
A virus (HAV) of whom nine survived,
which mirrors the approximate sur-
vival rate for untreated HAV (4,7).
Therefore, the 50% overall survival in
the study by Levin and colleagues may

reflect a patient population with a bet-
ter prognosis rather than the effects of
interferon per se. A trial similar to that
of Levin et al was recently carried out
by Sanchez-Tapias et al (76). They en-
rolled 12 patients with viral FHF mostly
due to HBV/hepatitis delta virus or HBV

alone. Only one patient had HAV. Ten
of the 12 patients died despite the ab-
sence of grade 4 coma at the start of
therapy (76). Poor results were also re-
ported by Milazzo et al (77) in 16 pa-
tients treated with interferon beta
intravenously. Thus, the use of inter-
feron for viral-induced FHF can not be
advocated.

PUTRESCINE
Putrescine is essential for hepatic re-

generation (78-80). It is the product of
the enzyme ornithine decarboxylase
which is commonly used as a marker of
hepatic regenerative activity (78).
Nishiguchi et al (81) were able to dem-
onstrate a marked improvement in he-
patic DNA synthesis and a marked
survival benefit (88% versus 40%,
P<0.01) in D-galactosamine induced
acute liver failure in rats treated with
putrescine compared with untreated
controls. Although putrescine may
seem ideal to study in humans, it is not
without concerns. Systemically admin-
istered putrescine may enhance cere-
bral edema (82) and may have an
antidiuretic and nephrotoxic effect
(83). Therefore, the search for the ideal
agent continues.

N-ACETYLCYSTEINE
When administered within 10 h,

N-acetylcysteine is the treatment of
choice for acute acetaminophen over-
dose (84-87). Its use beyond 15 h after
the overdose was discouraged by Pres-
cott et al (84,88) who found that de-
spite its safety, late administration
(given up to 24 h after an overdose
[89]), does not prevent hepatic necro-
sis. However, these findings were not
supported by Harrison et al (90); their
retrospective analysis of 100 patients
treated with N-acetylcysteine between
10 and 36 h after ingestion found that
mortality (37% versus 58%) and pro-
gression to grade 3 to 4 coma (51% ver-
sus 75%) were improved in the
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treatment group. Keays and associates
(91), in a prospective, randomized trial
of 29 patients, also found that N-acety-
lcysteine given late after the overdose
(36 h or more) was associated with a
marked improvement in survival (64%
versus 20%). Finally, the most recent
prospective, randomized controlled trial
using N-acetylcysteine in established
FHF due to acetaminophen (mean 53 to
56 h postingestion) revealed that N-ac-
etylcysteine was effective in improving
survival (48% versus 20%), reducing
the incidence of cerebral edema (40%
versus 68%) and reducing the inci-
dence of hypotension requiring ino-
tropic support (48% versus 80%) (92).
However, in many of the late treatment
trials, tests of hepatic function, in par-
ticular the prothrombin time, were
similar in both groups at the end of
treatment, and rates of improvement
were also similar. This finding led the
group at Kings College (92) to suggest
that it is not the glutathione repleting
properties of N-acetylcysteine that im-
prove survival but rather its effects on
oxygen delivery and consumption.

Based on the premise that FHF is as-
sociated with covert tissue hypoxia
(93), Harrison et al (94) studied the
role of N-acetylcysteine on the hemo-
dynamics and oxygen transport in pa-
tients with acetaminophen- and
nonacetaminophen-induced FHF. This
trial revealed that N-acetylcysteine in
established FHF improves oxygen deliv-
ery, cardiac index and oxygen con-
sumption in all forms of FHF and may be
related to improvements in the micro-
circulation as a result of increased en-
dothelium-derived relaxing factor (ni-
tric oxide). Furthermore,
N-acetylcysteine improves cerebral
bloodflow and cerebral metabolic rate
for oxygen which, in turn, may account
for the reduced incidence of cerebral
edema in patients suffering from FHF

treated with late N-acetylcysteine
(95). In summary, N-acetylcysteine
appears to have a lot of promise for the
treatment of FHF due to acetaminophen
and perhaps all causes of FHF. Again, it
must be stressed that more controlled
trials are needed to confirm these ini-
tial promising studies. However, the
relative safety of this agent, its posi-

tive effects on oxygen delivery and
consumption, and its proven effective-
ness in acetaminophen-induced FHF

make N-acetylcysteine a worthwhile
therapeutic option in the management
of FHF patients regardless of the cause.

OTHER AGENTS
Other agents that have been tested

recently in the treatment of FHF in-
clude hepatic stimulatory substance,
antithrombin III (AT III) and anti-
endotoxin monoclonal antibodies. He-
patic stimulatory substance alone and
with other presumed enhancers of he-
patic regeneration (insulin, transform-
ing growth factor-alpha and insulin-
like growth factor II) was ineffective in
altering the survival rates of 62 dogs
with FHF (96). AT III infusions in rats
with FHF due to dimethylnitrosamine
improved serum bilirubin levels, pro-
thrombin time, alanine aminotransfe-
rase levels, and reduced the degree of
histological damage at 24 h (97). How-
ever, in an uncontrolled trial of 26 hu-
mans with FHF due to various causes, a
27% survival rate was reported using
AT III, not an improvement over his-
torical controls (98). A randomized
controlled trial with AT III remains to
be performed. In one case report, Man-
thous et al (99) described the results of
monoclonal anti-endotoxin antibody
treatment in a patient with acute hepa-
titis A. The trial was based on previous
data from patients with cirrhosis and
acute liver failure where hemodynamic
parameters similar to septic shock and
increased endotoxin levels were re-
ported (100-102). The patient de-
scribed in the report from Manthous
and co-workers showed a significant
improvement in hemodynamic para-
meters following anti-endotoxin anti-
body administration. Unfortunately,
the patient died 10 days later from in-
tractable status epilepticus. Before his
death he had remained hemodynami-
cally stable and off all inotropes.
Obviously, more data on anti-endotoxin
antibody are required.

ARTIFICIAL SUPPORT
SYSTEMS

Because of the early failures associ-
ated with artificial support systems,

much work has recently addressed the
development of a bioartificial liver sup-
port system and hepatocyte transplan-
tation as either bridges to transplanta-
tion or interventions that will allow
time for spontaneous recovery from
FHF. As presently designed, these de-
vices offer more than other treatment
modalities. Specifically, they have the
ability to both clear and metabolize
toxic compounds as well as synthesize
products that are essential for the re-
covery process. Intact hepatocytes
have been stressed as being essential in
liver support systems (103-106). Extra-
corporeal devices come in various
forms. Some implement primary hepa-
tocytes of nonhuman species
(106,107), while others employ cul-
tured human hepatoblastoma cells
(108,109). Some devices consist of hol-
low fibre cartridges with hepatocytes
lining the capillary tubing (106-109),
while others are suspensions of encap-
sulated hepatocytes (110). Despite the
various designs being studied, the
bioartificial liver is essentially made
of the same components. These com-
ponents are live hepatocytes, a barrier
to separate the patient’s blood cells
from the hepatocytes, and a mecha-
nism for perfusion of the patient’s
whole blood or plasma over the cells
(111). These devices are just now being
tried in humans with FHF. While the re-
sults are encouraging, they are still con-
fined to limited case reports. Therefore,
randomized trials will be required to as-
sess their role in FHF definitively.

ISOLATED HEPATOCYTE
TRANSPLANTATION

Isolated hepatocyte transplantation
for FHF is by no means a new therapeu-
tic modality. It has been shown in ani-
mal models of FHF to improve survival
regardless of whether the cells are allo-
geneic or xenogeneic (112-118). The
process usually involves intraperito-
neal implantation of free hepatocytes,
coated microcarrier beads, spheroid he-
patocyte aggregates, hepatocytes im-
mobilized on porous, biodegradable
polymeric substrates or microencapsu-
lated gel droplets. Immunosuppression
is required to maintain viability by
preventing rejection of the cells.
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The microencapsulation technique may
provide a means of transplanting hepa-
tocytes in the absence of immunosup-
pression because the cells are seques-
tered from the host immune system.
The technique has yet to be reported
in humans. Much work remains to be
done in this area of research.

CONCLUSIONS
Most of the treatment modalities,

short of transplantation, have been
fraught with initial success in case re-
ports and uncontrolled trials, only to be
proven ineffective in larger randomized
control studies. However, for the most
part, even the large controlled studies

do not contain sufficient patient
numbers to exclude a beta error. Multi-
centre or multinational trials may rep-
resent the only solution to this prob-
lem; ideally, such trials would also
allow for stratification of patients based
on etiology, coma grade, age and time
interval from onset to encephalopathy.

What does the future hold? Most
certainly research will continue with
the more promising agents including
N-acetylcysteine and perhaps prosta-
glandins. The results of ongoing studies
with bioartificial livers and hepatocyte
transplantation are eagerly awaited.
More effort is needed to identify agents
that enhance and inhibit hepatic re-

generative activity. Finally, a combina-
tion of some of the above therapeutic
modalities may be what is required to
improve survival rates further in FHF

patients. In the interim, good sup-
portive management and possibly
N-acetylcysteine administration with
early transfer to liver transplant units
must remain the treatment of choice
for patients suffering from FHF.
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