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Management of fulminant hepatic failure
A. C. ANAND, S. K. DHAM

INTRODUCfION
Fulminant hepatic failure (FHF) is defined as the develop-
ment of encephalopathy within eight weeks of the onset of
hepatic symptoms in the absence of underlying chronic liver
disease. I It is a distinct clinical entity and should not be
confused with other forms of liver failure (Table 1).2.3 It is
also not synonymous with hepatic encephalopathy which can
occur in the setting of acute as well as chronic liver disease. 4-<l

FHF results from massive or confluent hepatic necrosis,
occurring acutely in a previously normal liver. In contrast to
other forms of hepatic failure, the survivors of FHF do not
have any residual liver disease and can lead a normal life.
Late onset hepatic failure is a syndrome similar to subacute
hepatic failure, though encephalopathy, rather than ascites,
is the dominant feature. 7

AETIOLOGY
In India, most cases of FHF are due to viral hepatitis- and the
viruses known to cause this condition include hepatitis A
(HAV), hepatitis B (HBV), delta virus (HDV), hepatitis E
virus (HEV), the herpes viruses, the Epstein-Barr virus
(EBV) and the cytomegalovirus." Drug toxicity is the second
major cause, accounting for about 20% of cases in some
countries.!? Poisoning (from acetaminophen, Amanita
phalloides and the hydrocarbons), acute ischaemic liver
necrosis, malignant infiltration of the liver, portal vein
thrombosis and veno-occlusive disease are less common
causes. Since almost all the cases in India are related to viral
hepatitis, we shall not discuss the treatment of liver failure
related to other causes. Although the identity of the causa-
tive agent may affect the outcome.!" the basic therapeutic
approach remains the same.

Untreated FHF is associated with a very high mortality
(80% to 90%). Conventional therapy is effective and can
bring down the mortality to approximately sixty per cent
(Table 11).11-14 A large number oftherapeutic strategies were
evolved in the 1980s but the majority of them failed to
improve the survival rates (Table III). Some of the newer
approaches appear promising and will be discussed in detail.

CONVENTIONAL TREATMENT
Intensive nursing of a comatose patient is important for
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monitoring progress and preventing complications. Nutri-
tion can be given through a nasogastric tube when the
patient is in the lighter grades of coma. Concentrated sugar
solution with fruit juice and coconut oil is used in several
hospitals and can provide adequate calories, electrolytes and
other micronutrients. Gastric acid should be neutralized to
reduce the risk of stress ulcerations. Patients in grade 3 or
4 coma 11.12 need to be administered intravenous alimenta-
tion to avoid aspiration.

Gut bacteria are considered to be the main source of toxins
implicated in the pathogenesis of hepatic encephalopathy in
chronic liver disease and therefore, sterilization of the gut is
usually carried out. 13 In FHF, however, the role of neomycin
and lactulose is less clear. The conventional treatment is
outlined in Table II.

REJECfED STRATEGIES
Several treatment strategies were evolved during the 1970s
with a view to provide artificial hepatic support. Steroids."
branched chain amino acids,'? extracorporeal pig liver trans-
fusions.l" exchange transfusions.!? haemodialysis with
polyacrylonitril membrane;" plasmapheresis,'? haerno-
perfusion with or without prostacycline infusions and
biocompatible charcoal infusions'v-? have been tried
extensively but most of these methods did not improve
survival. Despite extensive investigations, the present state
of knowledge with regard to the harmful metabolites and
toxins in liver failure is incomplete and all the experimental
approaches attempted to remove a varied spectrum of
molecules.'? Some therapies seem to improve the level
of consciousness, for example L-dopa, bromocripfine and
plasmapheresis, but have no effect on survival.

NEWER APPROACHES
A large number of new approaches have been suggested
which make the outlook hopeful including vigorous efforts to
eliminate the major causes of death in FHF such as cerebral
oedema, infection and metabolic complications. The main
aim of treatment is to buy time till liver regeneration occurs
or, in countries where the procedure is performed, till a
donor liver becomes available for transplantation.

Adanagement of cerebral oedema
This is the major cause of death in patients with FHF.20
A raised intracranial pressure (ICP) occurs in 75% to 80%
of patients with FHF who are in grade 4 encephalopathy,
irrespective of the aetiology. The pathogenesis of cerebral
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TABLEI. Classification of liver failure
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Fulminant Chronic Acute-an-chronicSubacute

Dominant presentation Encephalo-
pathy

Ascites/
icterus/
encephalopathy
Late

Ascites

Time frame Within 8 weeks 6 weeks to
6 months

Massive liver Failure of Chronic liver
cell failure

Pathophysiology
injury regeneration

Pre-existing liver
disease

Hospital mortality
Outcome in survivors

Normal Chronic liver
disease
30% t050%
Chronic liver
disease

Normal

60%
Normal

80%
Chronic liver
disease

Encephalopathy

Late

Bleeding,
diuretics, sepsis,
surgery in chronic
liver disease
Chronic liver
disease
20%t030%
Chronic liver
disease

TABLEII. Conventional treatment

1. Exclusion of other causes of coma such as cerebral malaria, subdural
haematoma, meningitis and hypoglycaemia

2 General supportive care in the form of bed rest, meticulous nursing
care, provision of adequate calories and other nutrients

3. Intensive care: Close monitoring with a view to maintain euglycaemia,
blood potassium and phosphate levels. Early detection and treatment
of electrolyte and blood gas defects

Reduction of blood ammonia levels
(of questionable importance)
1. Restriction of dietary protein
2. Bowel wash
3. Lactulose, lactose, lactilol, lactobacilli
4. Antimicrobial agents for gut sterilization: neomycin,

metronidazole, ampicillin
5. Drugs to augment nitrogen excretion: sodium benzoate
6. Ketoanalogues of branched chain amino acids
7. Correction of neurotransmission defect: L-dopa and bromocriptine

oedema is complex, Both the vasogenic (extracellular) and
cytotoxic (intracellular) type of oedema are present. The
former is due to extravasation of protein-rich fluid after
a damaged blood-brain barrier leads to widening of the
interepithelial tight junctions. However, the damage to the
blood-brain barrier is not complete because the oedema
does respond to mannitol infusions. The cytotoxic (intra-
cellular) oedema on the other hand is possibly the result of
hypoxia or circulating toxins (mercaptans) which can inhibit
Na+Kr ATPase.

The rise in ICP is paroxysmal initially and constant later.
The earliest sign is usually an increase in the muscle tone
in the legs and arms which may progress to a decerebrate
posture. By this stage the pupils start dilating and react
sluggishly to light. Other features such as headache, vomit-
ing, bradycardia and papilloedema occur rarely or not at all.
This stage is followed by marked hyperventilation, trismus,
ophisthotonos and respiratory arrest. Rarely, hyperventila-
tion reduces oedema and the signs regress for a short time. It
must be remembered, however, that fixed dilated pupils do
not necessarily indicate brain death and a loss of doll's eye

TABLEIII. Management of cerebral oedema

Prevention
Start therapy early; grade 2 encephalopathy
Avoid hypercapnia, hypoxia and fever
Avoid hypotonic fluids
Avoid compression to neck veins by posture
Nurse with head elevated 10° to 20°
Minimize patient movement and handling
Lower intracranial pressure (cooling, ?cerebral protective agents)

Treatment
Rapid mannitol infusion (0.5 g/kg) hourly
Hyperventilate to PAC02 of 3.5 KPa
Reduce body temperature
If anuric, urgent haemodialysis or haemofiltration with mannitol

infusion
Cerebral protective agents such as phenobarbitone and thiopentone

movements and caloric response must be demonstrated
before lifelines are disconnected.

Diagnosing cerebral oedema before the clinical signs
appear may have therapeutic advantages but electro-
encephalographic (ECG) monitoring does not provide any
warning. Several centres have now resorted to the use of a
Ladd intracranial sensor, which is placed extradurally in the
skull through a parietal burr hole. The normal pressure is
below 15 mmHg with a transient rise of up to 80 mmHg with
coughing or straining returning to normal within a few
minutes. A plateau wave of over 30 mmHg lasting for more
than 5 to 20 minutes indicates poor brain compliance and the
need for immediate treatment. However, a study comparing
intensive clinical monitoring (assessment of the pupillary
reflex every five minutes) with Ladd sensor monitoring could
not demonstrate any survival advantage with the latter.
Continuous measurement of systemic blood pressure is the
most reliable method of diagnosing paroxysms of cerebral
oedema and systolic pressures in excess of 150 mmHg should
be treated."

The management of cerebral oedema due to FHF is outlined
in Table III. Patients should be nursed in quiet surroundings
with their heads raised to about ZOO. Mannitol infusion is the
first line of treatment. If the patient has renal failure,
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mannitol infusion will have to be followed by ultrafiltration.
The effect of this treatment lasts for 20 to 60 minutes after
which the ICP rises again. Some investigators recommend
artificial ventilation prophylactically in patients with grade
3/4 coma who are likely to develop cerebral oedema. Hyper-
ventilation is the next step and is especially useful in anuric
patients. Recently, the role of hyperventilation has come in
for some criticism as it may depress cerebral blood flow and
worsen cerebral ischaemia.F

Corticosteroids, which may be useful in treating cerebral
oedema due to brain tumours, have not been found to be
very effective in FHF.23

Intensive care for metabolic complications
The patient usually succumbs to the metabolic complications
of FHF which should be monitored closely (Table IV).24
These include:

Renal dysfunction. Oliguric renal failure is a preterminal
event in over 75% of FHF. Renal failure is 'functional' in
the beginning but evidence of tubular damage soon becomes
evident and indicates a poor prognosis. Blood urea levels are
usually low and the creatinine values reflect the state of renal
function more accurately. Hypovolaemia and reduced
intravascular filling pressures secondary to vasodilatation
may contribute to renal failure. Therefore, the central
venous pressure (CVP) should be monitored and therapy
must be started with a fluid challenge. Low dose dopamine
infusion (2-4 ",g/kg/hour) can be tried in more severe cases.

Continuous haemodiafiltration is preferred when there is
haemodynamic instability and a risk of cerebral oedema. If
this is not available, haemodialysis should be preferred if
hyperkalaemia, acidosis and fluid overload occur or if
creatinine levels exceed 4.5 mg/dl. In spite of the coagulo-
pathy, haemodialysis is usually safe in such patients; in
fact heparin is generally necessary. The patient should be
carefully monitored for the development of cerebral oedema
when the plasma osmolarity falls.

Cardiorespiratory complications. The haemodynamic
abnormalities present in these patients are similar to those
seen in septic shock-a bounding pulse, warm extremities
and a low peripheral vascular resistance. The hypovolaemia
should be corrected by a combination of colloids and crystal-
loids. A recent report indicates that acetylcysteine may be
useful in patients with haemodynamic instability.P If
hypotension persists, vasopressor agents may have to be used
especially if a liver transplant is being planned. Dopamine
and dobutamine are relatively ineffective in this setting
and one may have to resort to noradrenaline or vasopressin.
Cardiac arrhythmias are usually due to electrolyte distur-
bances and can be prevented by close monitoring.

Hyperventilation that usually follows cerebral oedema,
may lead to hypocapnia, alkalosis and even respiratory
arrest requiring assisted ventilation. Hypoxaemia, when
present is due to multiple factors such as aspiration,
septicaemia, pulmonary oedema, pulmonary haemorrhage
and atelectasis. Artificial ventilation should be started
early in such situations.

Coagulopathy. A prolonged prothrombin time is common
in hepatic failure and indicates a poor prognosis. Some
workers are now relying on factor V assay which is more
sensitive as it has a short half-life. These patients also have
low levels of anti-thrombin III but thrombotic complications
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TABLEIV. Clinical monitoring and observation required

Neurological
Level of consciousness
Pupils: size equality, reactivity
Fundus: papilloedema
Deep tendon reflexes and plantar response
Muscle tone and decerebrate postures

Cardiorespiratory
Pulse
Blood pressure
Central venous pressure
Respiratory rate

Fluid balance
Input: oral, intravenous
Output: hourly urine output, 24 hour sodium output, vomitus,

diarrhoea, Ryle's tube aspirates
Body temperature

Blood analysis
Peripheral blood count (including platelets), urea, sodium,

potassium, CO2, calcium and magnesium, phosphate,
glucose (2-hourly in acute phase), prothrombin time

Infection surveillance

Cultures: blood, urine, sputum, cannula sites. chest X-ray

are rare due to deficiency of factors II, V, and VII to X.
Disseminated intravascular coagulation (DIC) is often
a preterminal event, and subclinical DIC may not be
uncommon." Thrombocytopenia is present in about 70%
of such patients and many will also have platelet function
defects. Gastrointestinal haemorrhage is often due to gastric
erosions and the prophylactic use of Hz receptor antagonists
or sucralfate is indicated. 27The other common sites of bleed-
ing are venepunctures, the lungs, nasopharynx and retro-
peritoneum. These need to be treated with blood and fresh
plasma infusions. The prophylactic use of fresh frozen plasma
has not been shown to reduce morbidity or mortality. 28

Metabolic disorders. Hypoglycaemia often presents as a
sudden deterioration in the level of consciousness and is
detected by repeated and meticulous blood sugar testing.
Any fall in blood sugar levels below 60 mg/dl should be
treated with 50 ml of 50% glucose given intravenously. Some
authors recommend a continuous infusion of 10% to 20%
dextrose to prevent hypoglycaemia. In addition to this,
potassium and phosphate levels also need close monitoring
and early correction. Acid-base and electrolyte disturbances
are also very common. Metabolic acidosis is a poor prognos-
tic sign and may be caused by tissue hypoxia which can be
treated with artificial ventilation. 29

Infection and endotoxaemia
These patients are at an increased risk of developing infec-
tions and endotoxaernia due to their compromised immune
function. This includes impaired neutrophil and Kupffer cell
function, and deficiency of opsooins such as complement
component and fibronectin. Fibronectin levels are low in
FHF and are considered to be the key factors causing
paralysis of the reticuloendothelial cells.v Bacterial infec-
tions can be diagnosed in over 83% of patients with FHF.31
Endotoxaemia, due to gut-derived endotoxins is probably a
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commoner event but there are no data to suggest that
prophylactic antimicrobial agents are useful, though some
studies have attempted selective gut decontamination. 32

Attempts to replenish fibronectin have yielded varying
results.v-" Since synthetic fibronectin is now available,
comprehensive prospective trials can be conducted. The use
of monoclonal antibodies has been shown to have a role in
the treatment of sepsis. 34

Benzodiazepine receptor antagonists
Several recent reports indicate that increased gamma
aminobutyric acid (GABA) mediated inhibitory neuro-
transmission may playa key role in the pathogenesis of the
encephalopathy of FHF. 35 Further support for this
hypothesis came from observations that behavioural and
electrophysiological improvement in encephalopathy can be
induced in rabbits and rats with FHF by the administration
of the benzodiazepine receptor antagonists (CGS 8216 or
flumazenil}." Raised levels of 1,4-benzodiazepines have
been demonstrated in patients with FHf37 and a recent paper
has summarized the usefulness of this approach in human
beings. 38 The drug is given as a 0.2 mg infusion every 3 minutes.
The dose can be increased to 0.4, 0.8 and then 1 to 2 mg
thereafter. Arousal has been found to be prompt in most of
the published reports, but its impact on patient survival is
not yet established.

Hepatocyte protective agents
Prostaglandins of the E. (PGE.) series prevent hepatocyte
damage in murine hepatitis. Their exact mechanism of action
is not clear though some authors have suggested that they
decrease the expression of HLA antigens on the hepatocyte
surface and reduce T-cell cytotoxicity against hepatocytes.
Such treatment has not yet been shown to promote chronicity
in experimental animals, In a preliminary study, PGE.
(Prostin VR 500 /Lg) was started early in the course of FHF in
a dose of 0.2 ",glkglhour and was subsequently increased to
0.6/Lglkglhour. Treatment was continued till full recovery or
for a maximum period of 28 days. The results showed that
12 out of 17 patients responded well to this therapy and liver
biopsies returned to normal. The only side-effects were
headache, abdominal cramps and diarrhoea." However,
this needs to be confirmed by more studies.

Promoting regeneration
Several therapeutic agents are being tried with a view to
promote hepatocyte regeneration. Insulin and glucagon
infusion have been tried by some workers with equivocal
results.P-" Human hepatocyte growth factor is another
promising agent though no clinical trials have been reported
so far.42

Liver transplantation
Use of artificial hepatocytes can be best described as experi-
mental therapy.'? Foetal hepatocyte transplantation is
an appealing alternative to liver transplantation. A pre-
liminary report of using 60x 106 cells/kg body weight intra-
peritoneally in 7 patients of FHF has demonstrated recovery
in 3 patients within 48 hours of hepatocyte transplantation. 43

Orthotopic liver transplantation, on the other hand, has
become an established mode of therapy for acute and chronic
liver failure.v One-year actuarial survival rates up to 90%
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and 5-year actuarial survival rates up to 64% or more have
been reported for end-stage liver disease. 45 Published results
of liver transplantation in FHF indicate a 56% to 74%
survival. 46A review of the literature since 1973 shows that
104 of 267 (39%) patients survived on medical treatment,
while the mean survival in transplanted patients was about
60%. In the absence of controlled trials, there is a potential
for bias in favour of transplantation as (a) only patients who
are fit to be transported will reach transplant units, and
(b) patients who are good surgical risks are likely to be
selected for transplantation.t':"

This problem can be resolved by a large controlled trial
comparing medical treatment with surgery. However, such a
trial does not appear to be feasible. Liver transplantation
is expensive (the cost for one transplant is approximately
$150000 in the USA), time-consuming and labour-intensive,
succeeds in about two-thirds of patients at best and has to be
followed by life-long immunosuppression with its associated
expenses and complications. On the other hand, spontaneous
recovery occurs in about 40% patients with intensive care
and the survivors can expect a normal life. If a controlled trial
is planned, there are bound to be some patients who are
destined to recover spontaneously, but will be randomized to
receive a transplant and will either die during surgery or
will become permanently dependent on immunosuppressive
therapy! Therefore there is an urgent need to redefine entry
criteria for any study evaluating liver transplantation, so that
only those patients are included who would otherwise have
very little chance of spontaneous recovery. Few recent studies
have tried to define a high risk group." The age of the
patients «10 and >40 years), delayed onset (>7 days) of
encephalopathy, serum bilirubin> 17.6 mgldJ and prothrombin
time over 50 seconds (control 15 seconds) have been
associated with a particularly bad prognosis. Some earlier
reports had suggested that rapid deterioration in the neuro-
logical status, grade 4 coma and liver span less than 2 intercostal
spaces are also poor prognostic markers. The King's College
Hospital group has evolved a model for selecting patients for
transplantation (Table V).49 It must be remembered that
cerebral oedema persists during and up to 12 hours after
transplantation and the risk of sepsis remains high during the

TABLEV. Criteria for selecting patients for transplantation'?

Paracetamoloverdose Others (viral hepatitis)

pH <7.30; (irrespective ofthe
grade of encephalopathy)

Prothrombin time> 100 seconds
(irrespective of the grade of
encephalopathy)
1.0*0.95*

OR

Prothrombin time> 100 seconds
and serum creatinine >3.4 rng/dl
with grade 3 or 4 encephalopathy

Any three of the following
Age < 10 or >40 years
Aetiology: non-A, non-B;
halothane or other drugs
jaundice> 7 days before
encephalopathy
Prothrombin time >50 seconds
serum bilirubin> 17.6mgldl
0.96*0.6toO.7*

• positive predictive value
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first 7 to 10 days after transplantation. Recurrence of viral
hepatitis in the transplanted liver is uncommon when the
FHF is due to HAY, HBY and HDY but may occur in
HCY infections.P There is little doubt that the poor
prognosis seen amongst patients of FHF can be improved
upon by liver transplantation. Most physicians and surgeons
in India agree that there is a need to establish a liver trans-
plantation centre. The major problems in starting such a
programme are the lack of legislation to recognize brain
death and poor organization of medical resources.t"
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