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Acute Liver Failure : Causes and Management

Key words: Acute liver failure, infection, hepatic encephalopathy, coagulopathy, haemodynamics, acute kidney injury,

liver transplantation.

Definition and Epidemiology:

Acute liver failure (ALF) has evolved and currently

includes the following features: International normalised ra-

tio (INR) 1.5, neurological dysfunction with any degree of

hepatic encephalopathy (HE), no pre-existing cirrhosis, and

disease course 26 weeks1,  although the definition of ALF

excludes the presence of previous underlying liver disease,

there are some exceptions to this definition: An acute pre-

sentation of Wilson’s disease, autoimmune hepatitis (AIH),

Budd-Chiari syndrome or hepatitis B virus infection.

O’Grady’s classification possesses the advantage of hav-

ing prognostic value2.  The classifications and subtypes of
ALF are shown in Fig 1.

Thus, the time between the presentation of jaundice

and the onset of HE subdivides patients into three categories

(hyperacute, acute and subacute), which are useful to define

the prognosis. The hyperacute form has a better prognosis

but a higher incidence of cerebral oedema3. On the other

hand, acute and subacute presentations have a worse

prognosis, but a lower incidence of cerebral oedema3. In

very young children and neonates, ALF may occur in the

absence of HE, albeit with a definition that requires a much

greater degree of coagulopathy (INR >4).
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propylthiouracil, nitrofurantoin),  Recreational drugs [eg,

cocaine,3,4-methylenedioxymethamphetamine

(MDMA)]. (3) Autoimmune hepatitis. (4) Ischaemic/

congestive hepatitis. (5) Budd-Chiari syndrome. (6)

ALF 2-year survival rate has been reported as 92%

for liver transplant (LT) recipients, 90% for acetaminophen

overdose spontaneous survivors, and 76% for non-

acetaminophen spontaneous survivors1. This positive trend

Fig 1 – The Cassifications and Subtypes of ALF Employing the Time Jaundice and Encephalopathy. Temporal Line

Graduated to 12 weeks. (A) corresponds to O’Grady’s, (B) to Bernau’s and (C) to Mochida’s classifications

in ALF survival has been associated with the earlier

recognition of this condition, improvement of the intensive

care unit management, and developments in emergent LT.

Causative Factors:

(1) Viruses – Hepatitis A, B, D, or E viruses,

cytomegalovirus, Epstein-Barr virus, herpes simplex virus,

Varicella-zoster virus, parvovirus.

(2) Drug-induced liver injury– acetaminophen,

non-acetaminophen (eg, isoniazid, phenytoin, valproate,

Wilson’s disease. (7) Amanita phalloides. (8)

Pregnancy (eg, acute fatty liver of pregnancy, HELLP

syndrome). (9) Heat stroke. (10) Malignant infiltration.

(11) Seronegative (indeterminate).

The aetiologywise clinical features of ALF are

depicted in Table 1.

Initial Laboratory Tests for Acute Liver Injury or

Acute Liver Failure:
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     Assessment test severity (serum)

• Arterial blood gas

• Arterial lactate

• Arterial ammonia

• Haemoglobin, leucocytes, platelets INR,

activated partial thromboplastin time, fibrinogen,

factor V

HEV, CMV IgM, EBV IgM, HSV IgM, VZV

IgM, anti-HIV

• Ceruloplasmin,urinary  copper

• Antinuclear antibody, antismooth muscle

antibody

      • Paracetamol, toxicology screen blood type

pregnancy test (females)

Table: 1 – Showing Clinical Features according to Aetiology of ALF

Aetiology Clinical features 

Malignant infiltration History of cancer, massive hepatomegaly, elevated alkaline phosphatase or 

other tumour markers 

Acute ischaemic injury Marked elevation of aminotransferases, increased lactic dehydrogenase and 

creatinine, which normalise soon after stabilisation of haemodynamic 

instability; patients with severe congestive heart disease or respiratory 

disease 

Paracetamol overdose Very high levels of aminotransferases and low level of bilirubin; 

rapidly progressive disease, acidosis and renal impairment; 

low phosphate may be seen as a good prognostic marker 

Non-paracetamol drug 

toxicity 

Subacute clinical course can mimic cirrhosis, clinically and radiographically 

Acute Budd-Chiari 

syndrome 

Abdominal pain, ascites and hepatomegaly; loss of hepatic venous signal 

and reverse flow in portal vein on ultrasound 

Wilson’s disease Young patient with Coombs negative haemolytic anaemia with a high 

bilirubin to alkaline phosphatase ratio; Kayser- 

Fleischer ring; low serum uric acid level; markedly increased urinary 

copper 

Mushroom poisoning Severe gastro-intestinal symptoms after ingestion; development of early 

acute kidney injury (AKI) 

Autoimmune Usually subacute presentation – may have positive autoantibodies, elevated 

globulin and characteristic lymphocyte pattern 

when compared to viral and seronegative aetiologies 

 

• Aspartate transaminase, Alanine transaminase,

bilirubin, albumin, alkaline phosphatase, LDH,

amylase

• Creatinine, urea, sodium, chloride, potassium,

calcium, magnesium, phosphorus, creatine kinase

Aetiology (serum or urine)

Indication of Liver Biopsy:

The indications for liver biopsy in ALF are limited,

and should be performed preferably by a transjugular

route,in a centre experienced in its use, and with access to

a histopathologist with liver experience. Incidence of

underlying chronic liver disease, malignancies or alcohol

induced liver disease should be excluded if possible, but

this does not provide prognostic information.
• HAV  IgM, HBsAg, HBc IgM, anti-HCV, anti-
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Management of Acute Liver Failure:

Immediate measures at presentation of

patients with ALF to medical care – (1) In patients with

severe acute liver injury, screen intensively for any signs of

hepatic encephalopathy. (2) Exclude the presence of

cirrhosis, alcohol induced liver injury or malignant infiltration

of the liver. (3) Consider whether the patient does not have

contra-indications for emergency  liver transplantation

(LTx), the finding of contra-indications should not preclude

transfer to a tertiary unit. (4) Searching for an aetiology

allows treatment to be instituted and facilitates prognostic

stratification. (5) Transfer to a specialised unit early if the

patient has an INR >1.5 and onset of hepatic

encephalopathy or other poor prognostic features. (6) Early

discussion with a transplant unit even if the patient does not

need transfer at that time point.

Aetiologies which form a possible indication

for emergency liver transplantation (LTx) – Drug-

induced hepatotoxicity: Paracetamol overdose(POD)-

induced hepatotoxicity is characterised by extreme

elevations of serum aminotransferase (usually >10,000 IU/

l) and normal bilirubin levels. Metabolic acidosis, elevated

serum lactate, hypoglycaemia and acute kidney injury (AKI)

can occur in early stages of clinical evolution. These patients

should be treated with appropriate fluid resuscitation, N-

acetylcysteine (NAC), and may need renal replacement

therapy (RRT) to treat the acidosis. Patients who do not

meet criteria for emergency LTx have a good prognosis,

and those who meet the criteria may still have a survival

rate of 20-40% with modern intensive care management,

according to recent reports.

Pregnancy related ALF: There are two hepatic

emergencies which occur in the third trimester of pregnancy:

haemolysis, elevated liver enzymes and low platelets

(HELLP) syndrome and acute fatty liver of pregnancy

(AFLP). HELLP should be differentiated from atypical

haemolytic uraemic syndrome and thrombotic

thrombocytopenic purpura4. AFLP is characterised by

extensive hepatic steatosis and usually presents with

abdominal pain and malaise. Transaminases are relatively

low. Elevated urate levels are also seen as may be polyuria

and polydipsia. Other organ failures occur, including

pancreatitis . Maternal mortality is around 20%. Prompt

delivery of the baby in both these emergency scenarios offers

a good outcome, and emergency LTx is rarely needed.

Persistent elevation of lactate levels in the presence of severe

hepatic encephalopathy potentially best identifies patients

at greatest risk of death or LTx. When liver failure occurs

specifically in pregnancy, consideration should also be given

to liver rupture associated with preeclampsia.

Coagulopathy: In ALF, overall haemostasis as

measured by thromboelastography has been shown to be

normal by several compensatory mechanisms, even in pa-

tients with markedly elevated INR2. In the absence of ac-

tive bleeding or invasive procedure, it is not advisable to

correct the INR with fresh frozen plasma, because clini-

cally significant blood loss is rare and correction obscures

trends in the INR, an important marker of prognosis. A plate-

let count greater than 50*10^9/l and fibrinogen greater than

1.5 g/l have been demonstrated to correlate with normal

thrombin generation and, indirectly, bleeding5.

Infection: ALF risk for immunoparesis increases

susceptibility to infection, which may preclude emergent LT.

Therefore surveillance for infection (including chest

radiography and periodic cultures of sputum, urine, and

blood) should be undertaken, while maintaining a low

threshold for starting antimicrobial therapy. Prophylactic

antimicrobials have not been proven to improve 21-day

survival in ALF6.

Empirical broad-spectrum antibiotics should be

administered to patients with ALF  who have signs of SIRS,

refractory hypotension, unexplained progression to higher

grades of hepatic encephalapathy (HE).

Prophylactic antibiotics, non-absorbable antibiotics,

and antifungal have not been shown to improve survival in

ALF. Regular periodic surveillance cultures should be

performed in all patients with ALF. Early anti-infective

treatment should be introduced upon appearance of
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progression of HE, clinical signs of infections, or elements

of SIRS. Antifungal therapy in those with prolonged critical

care support for multiple organ failure should be considered,

as guided by the use of biomarkers.

Haemodynamics: Early presentation with

hyperlactataemia is probably a consequence of volume

depletion, and responds to appropriate volume loading.

Thereafter, ongoing hyperlactataemia is likely to reflect the

severity of the underlying liver failure; the liver in unable to

metabolise the increased lactate production seen in response

to sympathetic drive and accelerated aerobic glycolysis.

Patients with ALF typically present a hyperdynamic

circulation characterised by high cardiac output and low

peripheral vascular resistance, a pattern resembling that of

sepsis.

General critical care literature supports the use of

crystalloid fluid over colloid. The choice should be guided

by biochemical parameters and clinical status, initially normal

saline may be effective. For patients who continue to have

hypotension despite volume repletion, noradrenaline is the

preferred vasopressor, with or without adjunctive use of

vasopressin or its analogues7.

Echocardiography or invasive haemodynamic

monitoring (eg, PiCCO, Swan-Ganz catheter) should be

used to assess cardiac function and help titrate decisions

on the doses of fluids and/or vasopressors. Relative adrenal

insufficiency may be present, and the use of steroids has

been associated with a decrease in noradrenaline dose and

overall mortality.

Acute kidney injury: AKI may develop in up

to 70% of patients with ALF and has been associated

with worse overall survival8.

Classic indications for renal replacement

therapy initiation: Severe acidosis, hyperkalaemia,

anuria, refractory fluid overload.

Further indications include removal of toxic

substances (eg, ammonia), difficult-to-treat hyponatraemia,

or difficult-to-treat hyperthermia. Continuous renal

with ALF given the risk for aggravating hypotension and

cerebral oedema9.

Cerebral oedema and intracranial hypertension:

In ALF, astrocyte swelling may result in cytotoxic brain

oedema, which may culminate in tonsillar herniation and death.

Frequent neurological examination (including pupils) and the

use of transcranial Doppler are simple strategies to monitor

for signs of cerebral oedema and intracranial pressure. On

the contrary, computed tomographic findings compatible with

intracranial hypertension often present too late in the course

of this condition. Invasive monitoring of intracranial pressure

has not been shown to improve these patients hospital

survival10.

Management of the patient with altered

Glasgow coma scale (GCS): Once the patient progresses

to grade 3 HE, the general practice at transplantation centres

is for intubation and mechanical ventilation and measures

that protect the airway prevent aspiration and provide safer

respiratory care11.  Grade 3 coma, in the context of ALF

and its management, is not defined by a hepatic flap but the

development of marked agitation and frequent aggression

with a decrease in GCS (GCS) usually E1-2, V 3-4 and

M4). Progression to grade 4 coma is associated with

marked reduction in GCS (E1, V 1-2 and M1-3).

Ventilatory management, specifically related to

cerebral protection includes: Minimising the risk of

pulmonary barotraumas, aiming for a partial pressure of

carbon dioxide (PaCO2) between 4.5–5.5 kPa (34–42

mmHg) and use of propofol as a sedative agent. This may

protect from ICH and reduce the risk of seizures12.

A short acting opiate should be added to provide

adequate analgesia. In case of concern of seizure activity,

EEG monitoring should be undertaken and anti-epileptic

drugs administered; however, the prophylactic use of anti-

epileptic drugs is not warranted. Phenytoin has traditionally

been the medication of choice; however, agents without risk

of hepatotoxicity and more easily achieved therapeutic levels

such as levetiracetam or lacosamide are now more frequently

utilised.replacement therapy has been proposed to safer for patients
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Interventions aimed at prevention of intracranial

hypertension include: (1) Place head of the bed higher than

30 degrees; (2) use propofol sedation if requiring mechanical

ventilation; (3) treat fever (prophylactic hypothermia has

not been demonstrated to mitigate intracranial hypertension);

(4) aim for a mean arterial pressure 75 mm Hg and a

cerebral perfusion pressure greater than 50 mm Hg (if using

invasive intracranial pressure monitoring); (5) consider using

renal replacement therapy; (6) aim for a serum sodium

concentration of 145 to 155 mmol/l with hypertonic saline

(3%-30% infusion) for prophylaxis in patients with grade

III-IV HE.

Sustained surges in intracranial pressure(>25

mmHg) or development of clinical signs should be treated

by a bolus of hypertonic saline (200 ml, 2.7% or 20 ml,

30%)12 or intravenous mannitol (150 ml, 20%) given over

20 minutes, in addition to ensuring optimal sedation. In a

resistant scenario, a short period of hyperventilation may

be required, reducing arterial PaCO2 to 25–30 mmHg.

Steroids are not recommended . It is essential that serum

osmolarity is maintained below 320 mosmol .

Extracorporeal liver support systems: Two

extracorporeal liver support systems have been studied in

ALF with randomised controlled trials: Molecular adsorbent

recirculating system (MARS) and high volume

plasmapheresis (HVP). MARS, where blood is dialysed

against a dialysate with albumin, has not been proven to

improve 6-month survival in ALF13. HVP has been shown

to significantly improve hospital survival, especially for

patients with contraindications for LT14.

Liver transplantation and prognostication: LT

is the only definitive treatment for patients with ALF. Overall

survival after LT has been reported to be lower for patients

with ALF in comparison with patients with cirrhosis until 1

year after transplant, but it tends to be similar beyond this

period. Even at an early stage of disease, there may be

apparent clinical features that are highly suggestive of an

expected poor survival with medical management alone,

and may be used for risk stratification.

Encephalopathy–  The presence of an altered level

of consciousness resulting from HE is of great prognostic

importance. The central positioning of HE in definitions of

adult ALF reflects this, with development indicating critically

impaired liver function. In patients with subacute

presentations, even low grade HE may indicate extremely

poor prognosis, where survival with medical management

may be good in hyperacute disease and HE of equivalent

severity. As a rule, any evidence of HE should prompt

local critical care assessment, discussion and transfer to a

specialist liver centre. When multiple possible causes of

reduced consciousness exist, a significantly elevated arterial

ammonia concentration is a reliable indicator.

Extrahepatic organ failure – Non-liver organ

failure, particularly renal, is a marker of illness severity and

associated with increased mortality19. It indicates need for

critical care review and intervention and should trigger

discussion with a specialist centre in relation to management

and possible transfer.

Adverse aetiology and presentation –  Even now,

subacute presentation of ALF and cases of indeterminate

aetiology have consistently poor survival without LTx, and

represent triggers for immediate discussion with a specialist

centre . Transplantation should be considered in those

patients fulfilling Clichy or Kings College criteria which are

as follows.

King’s College criteria: ALF due to paracetamol

• Arterial pH <7.3 after resuscitation and >24

hours since ingestion

• Lactate >3 mmol/l  or

The 3 following criteria:

• HE >grade 3

• Serum creatinine >300 lmol/l

• INR >6.5

ALF not due to paracetamol

•  INR >6.5

       or

       3 out of 5 following criteria:

1. Aetiology: indeterminate aetiology hepatitis, drug-
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induced hepatitis

2. Age <10 years or >40 years

3. Interval jaundice–encephalopathy >7 days

4. Bilirubin >300 lmol/l

5. INR >3.5

Beaujon-Paul Brousse criteria (Clichy):

      • Confusion or coma (hepatic encephalopathy

stage 3 or 4)

• Factor V <20% of normal if age <30 years

or

• Factor V <30% if age >30 year

The only definitive criteria contraindicating LTx is

irretrievable brain injury. This is normally defined as the

persistent presence of bilateral non-reactive pupils with no

spontaneous ventilation, loss of middle cerebral artery flow

or loss of grey white matter differentiation and evidence of

uncal herniation.

Cadaveric donor LT has been the norm in ALF,

but living-donor transplant has been performed in some

large-volume centres with acceptable outcomes. Auxiliary

transplantation (partial graft as temporary support for native

liver regeneration) has shown reasonable outcomes.

Stratifying patients based on their risk for death without LT

is crucial to prioritise them for transplantation. King’s

College criteria have been used worldwide for this purpose.
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