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Acute on chronic liver failure (ACLF) is a
common clinical entity, often complicated
by multiple organ failure and associated
with a poor prognosis. Clinical features
include jaundice, hepatic encephalopathy
(HE) and the hepatorenal syndrome
(HRS). Common precipitants include
variceal haemorrhage, sepsis, alcohol and
drugs. Prompt resuscitation is key. Early
pharmacological and endoscopic therapy
influence outcome in variceal haemor-
rhage and empirical antibiotics should be
given. Sepsis may present in an occult
manner and spontaneous bacterial peri-
tonitis (SBP) should be actively excluded.
Patients with SBP are at higher risk of
developing HRS. An early specialist
opinion should be sought.

Acute liver failure (ALF) is also associ-
ated with multiple organ failure and a
poor prognosis. Liver transplantation
remains the only current effective treat-
ment, therefore early identification of ALF
and liaison with the local liver transplan-
tation unit is crucial. Patients should be
assessed and key parameters monitored
regularly, in particular prothrombin time
(PT), bilirubin (BR), creatinine, pH and
presence of encephalopathy as these have
prognostic relevance.

A comprehensive discussion of the
pathophysiology and management of ALF
and ACLF is outside the scope of this article.
This review is intended to provide an
overview of key aspects of initial assess-
ment and management of patients with
liver failure.

Acute on chronic liver failure

Definition

ACLF is defined as an acute deterioration
in liver function over a period of 2–4
weeks usually associated with a precipi-
tating event, leading to a severe deterio-

ration in clinical status with jaundice and
hepatic encephalopathy (HE) and/or
HRS with a high SOFA/APACHE score.1

Epidemiology

The UK incidence of cirrhosis is approx-
imately 17 per 100,000 (prevalence 76
per 100,000) in adults over 25 years,
although the exact figures are unknown.
This represents an increase over a 10-year
period of 45% and 68%, respectively.
Mortality from cirrhosis has increased by
over 400% since 1970. More than 80% of
liver-related deaths in the UK are due to
cirrhosis secondary to alcohol.

Background

Cirrhosis

The gold standard diagnosis of cirrhosis
is histological. It is characterised by
extensive fibrosis, resulting in architec-
tural distortion with nodule formation
(Fig 1), leading to portal hypertension
and end-stage liver disease (ESLD). The

epidemic of heavy alcohol consumption
in the UK is reflected in the rising rates of
alcoholic liver disease and is the leading
cause of cirrhosis in the UK. Other aeti-
ologies include viral hepatitis, autoim-
mune liver diseases, metabolic liver
diseases and alpha-1 antitrypsin defi-
ciency (Table 1).

Functional status can be expressed by
the Child-Turcotte-Pugh or the UK
Model for End-Stage Liver Disease (UK
ELD) scoring systems, both of which
have prognostic relevance. Patients with
cirrhosis may develop liver failure either
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Liver failure at the front door

Fig 1. Cirrhosis.

• Alcohol

• Hepatitis B

• Hepatitis C

• Primary sclerosing cholangitis

• Chronic autoimmune hepatitis

• Sclerosing cholangitis

• Haemochromatosis

• Wilson’s disease

• Non-alcoholic steatohepatitis

• Alpha-1-antitrypsin deficiency

• Chronic Budd-Chiari syndrome

Table 1. Causes of cirrhosis. 
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as a function of chronic disease progres-
sion or secondary to an acute precipitant
(ACLF). The latter may be due to variceal
bleeding, sepsis, ischaemia or direct liver
injury relating to alcohol, hepatotoxic
drugs or viral hepatitis.

Pathophysiological mechanisms 

The pathophysiological mechanisms of
ACLF are incompletely understood. The
natural history of chronic liver disease
involves the development of portal
hypertension, ascites and progression to
HRS. Against this natural history an
acute insult may result in ACLF.
Inflammation seems to play a key role in
pathogenesis.

Oesophageal varies. These develop as a
consequence of portal hypertension. A
hepatic venous pressure gradient
(HVPG) greater than 12 mmHg is
strongly associated with a risk of variceal
bleeding. Other contributory factors
include variceal grade, severity of liver
disease and coagulation status.

Cirrhotic ascites. The formation of cir-
rhotic ascites occurs due to portal
hypertension and salt and fluid reten-
tion resulting from stimulation of the
renin-angiotensin system. The contri-
bution from the reduced oncotic pres-
sure of hypoalbuminaemia is much less
significant.

Hepatorenal syndrome is a functional dis-
order in which renal failure (serum crea-
tinine �133 �mol/l) develops in the
context of advanced liver failure, ascites
and structurally normal kidneys. While
an oversimplification, Fig 2 demon-
strates the sequence of pathophysiolog-
ical mechanisms which result in
activation of vasoconstrictor systems and
renal vasoconstriction. HRS is associated
with a poor prognosis and represents the
later pathophysiological stages in ESLD.
HRS may be classified into two forms:

• type I HRS occurs with a 50% reduc-
tion in creatinine clearance to a �20
ml/min within two weeks and is
associated with a worse prognosis

• type II HRS has a more chronic
onset.

Hepatic encephalopathy. Hyperammonaemia
and inflammation are implicated in
the development of HE in ACLF.
Certainly, ammonia has been shown to
induce neutrophil dysfunction in animal
models.2

Clinical presentation

Clinical features of cirrhosis include the clas-
sical peripheral stigmata, jaundice,
organomegaly, ascites and encephal-opathy.
Patients with ACLF may present in a number
of ways, including with clinical features
relating to portal hypertension, hepatic syn-
thetic dysfunction and a systemic inflamma-
tory response syndrome.

Variceal haemorrhage

Variceal bleeding may present with large
or initially small volume haematemesis,
melaena or rectal bleeding and often sig-
nificant haemodynamic compromise.
Patients with known varices may not
mount a tachycardic response if estab-
lished on beta-blockers. Care should be
taken to assess for evidence of aspiration
pneumonia.

Sepsis

Patients with cirrhosis are immunocom-
promised and sepsis may present in an
occult manner. There should be a low

threshold for considering sepsis, in
particular SBP. Up to 50% of cases of
SBP are asymptomatic and may be com-
plicated by HRS.

Encephalopathy

Encephalopathy may be low grade at pre-
sentation and manifest only as mild con-
fusion, reversed sleep cycle or detectable
clinically as asterixis. High-grade
encephalopathy presents with a Glasgow
Coma Scale of 8 or below. Acute precipi-
tants such as sepsis, variceal bleeding,
constipation and electrolyte disturbance
should be excluded. Care must be taken
to avoid sedating medication. Patients
with cirrhosis often have an associated
coagulopathy and a potential differential
diagnosis of intracerebral bleed should
be considered.

Other precipitants of ACLF include
alcohol and drugs. Common hepato-
toxic agents include non-steroidal anti-
inflammatory drugs (NSAIDs) and
antibiotics.

Investigations

Laboratory investigations

The chief prognostic laboratory parame-
ters are PT, BR, creatinine and albumin
as these are markers of hepatic synthetic
function. Transaminases, �GT and alka-
line phosphatase may provide informa-
tion about the nature of liver injury.
Alcoholic hepatitis often presents with an
aspartate aminotransferase to alanine
aminotransferase ratio above 2. A full
blood count may demonstrate thrombo-
cytopenia and leukopenia, features of
hypersplenism and thus portal hyperten-
sion. Blood cultures should be taken as
the risk of sepsis is high in these patients.
If the patient is presenting de novo, a
non-invasive liver screen should be
requested (Table 2). Additional investi-
gations relevant to ALF are shown in
Table 3.

Diagnostic ascitic tap

Patients with ACLF and ascites
should undergo a diagnostic ascitic
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Fig 2. Pathophysiology of hepatorenal
syndrome.
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tap and the fluid sent for urgent
microscopy, culture and biochemical
analysis. Fluid should be inoculated
into blood culture bottles to increase
diagnostic yield. A polymorphonuclear
cell count greater than 250 cells/mm3

is diagnostic of SBP. The most com-
monly isolated organism is a Gram-
negative single enteral bacterial
species. Mixed growth is suggestive of
perforation.

Radiological investigations

An abdominal ultrasound with
Dopplers plays an important role in ini-
tial evaluation of these patients.
Imaging can be helpful to confirm fea-
tures of chronic liver disease.
Assessment of hepatic and portal vein
patency is important to exclude an acute
Budd-Chiari syndrome and portal vein
thrombosis.

Management of variceal
bleeding

Resuscitation

Patients with variceal haemorrhage
should be managed in a high dependency
environment. Prompt resuscitation is
key. Airway management is vital as the
aspiration risk is often high and signifi-
cantly affects outcome. Large bore and
central access should be established.
Volume resuscitation with fluid, blood
and blood product support is a priority.
The aim should be to transfuse to a
haemoglobin of 10 g/dl and correct
coagulopathy. Intravenous vitamin K
should also be given, but is unlikely to
influence the coagulation status in the
initial period.

Pharmacological therapy

Vasoactive drugs which cause
splanchnic vasoconstriction, and thus
reduce portal pressures, play a key role
in stabilising patients with variceal
bleeding. Drugs currently available
include terlipressin, somatostatin and
octreotide. Terlipressin, a derivative of
vasopressin, is highly effective. Clinical
studies have shown that terlipressin
achieves control of active variceal
bleeding in 75–80% of cases at 48 hours
without endoscopic therapy3 and is the
only drug shown to improve survival.4 It
is also thought to have a renoprotective
role. Terlipressin is associated with a
small risk of coronary and peripheral
arterial vasospasm and arrhythmias. For
this reason, an ECG should be per-
formed prior to commencing therapy

and patients should undergo cardiac
monitoring. Vasoactive drug therapy
should be continued for 2–5 days.

Broad-spectrum antibiotics should
also be given to reduce the risk of sepsis
which has been identified as an inde-
pendent prognostic factor of failure to
control bleeding or early rebleeding.5,6

Endoscopy

Any cirrhotic patient with symptoms of
an upper gastrointestinal (GI) bleed
(however stable on presentation) should
undergo an early upper GI endoscopy.
Endoscopic options include variceal liga-
tion (‘banding’) and sclerotherapy for
bleeding oesophageal varices. Variceal
ligation is superior to sclerotherapy with
regard to safety and efficacy when used
in combination with vasoactive drugs.7

Gastric varices are a somewhat greater
endoscopic challenge and options
include histoacryl ‘glue’ or thrombin
injection. Patients in whom haemostasis
is not achieved by endoscopic means
require Sengstaken tube placement and
consideration for a transjugular intra-
hepatic portosystemic stent shunt
(TIPSS) placement.

Transjugular intrahepatic
portosystemic stent shunt

TIPSS insertion is used as salvage therapy
for variceal bleeding refractory to endo-
scopic therapy. By shunting blood from
the portal to the hepatic vein the HVPG
is reduced and thus the risk of variceal
bleeding. A transjugular approach is used
and the hepatic vein cannulated. The
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• Hepatitis B surface antigen

• Hepatitis B core antibody

• Hepatitis C antibody

• Antimitochondrial antibody

• Smooth muscle antibody

• Antinuclear antibody

• LKM-1 antibody

• Immunoglobulins

• Ferritin

• Transferrin saturation

• Caeruloplasmin

• Alpha-1 antitrypsin levels

• Lipid profile

• Fasting glucose

• Alphafetoprotein

Table 2. Non-invasive liver screen for
causes of cirrhosis.

• Paracetamol/salicylate levels

• Epstein-Barr virus 

• HBV serology

• Cytomegalovirus serology

• Varicella-zoster virus serology

• Hepatitis A �/� E serology

Table 3. Additional investigations in
acute liver failure.

All patients should be discussed early with a transplant unit

Antimicrobial cover should be given and a low threshold for commencing 
N-acetylcysteine to cover the possibility of paracetamol toxicity

Regular assessment of clinical status and synthetic parameters, with particular
attention to prothrombin time, bilirubin, creatinine, pH and encephalopathy

Key Points

KEY WORDS: acute liver failure, acute on chronic liver failure, hepatic
encephalopathy, hepatorenal syndrome
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portal vein is then punctured and a shunt
deployed from the hepatic to the portal
vein. If the resultant HVPG is less than
12 mmHg, the risk of variceal bleeding
is significantly diminished. Once portal
access is established, variceal coil
embolisation can be achieved. TIPSS
insertion results in haemostasis in 90%
of these endoscopic refractory patients.
TIPSS-related complications include
encephalopathy in up to 30% of patients,
pulmonary hypertension and worsening
liver function. Patients presenting with
variceal haemorrhage and TIPSS in situ
should undergo Doppler studies to assess
shunt patency.

Surgery

The need for surgery is rare due to the
success of other therapies. Surgical por-
tosystemic shunts are associated with a
high risk of encephalopathy and mor-
tality. Patients with more advanced 
disease may be more suitable for trans-
plantation.

Ascites (including spontaneous
bacterial peritonitis)

Patients with features of ACLF or pyrexia
in the context of ascites require a diag-
nostic ascitic tap. Management includes
broad-spectrum antibiotics such as a
third-generation cephalosporin. In 30%
of cases SBP will be complicated by renal
impairment, although studies have
demonstrated this can be reduced with
administration of salt-poor human
albumin solution (HAS). The regimen
used in the original studies was 1.5 g/kg
of albumin on day 1 and 1 g/kg on day
38 and can be given to patients with a
rising creatinine or established renal
impairment. Therapeutic paracentesis
should be deferred in an acute presenta-
tion of SBP, again due to the risk of renal
failure.

Hepatorenal syndrome

Patients with HRS have a significant risk
of mortality. In the cirrhotic patient,
serum creatinine underestimates the
degree of renal impairment and renal
failure should be managed with particular
care. HRS should be differentiated from
coincident intrinsic renal disease. Patients
with HRS have features of salt and fluid
overload and are hyponatraemic. They
should be rendered euvolaemic and, once
this is achieved, may require low-dose ter-
lipressin to maintain an adequate urine
output. HRS commonly complicates SBP
but, as previously discussed, HAS replace-
ment can reduce the risk. Pentoxifylline
can play a role in patients with alcoholic
hepatitis complicated by HRS.9

Encephalopathy

As discussed above, airway protection is a
priority. Precipitants such as sepsis,
variceal haemorrhage, sedating drugs,
constipation, alcohol and electrolyte dis-
turbance should be addressed individu-
ally as appropriate.

Specific therapies

Therapies directed at specific hepato-
logical insults precipitating ACLF
should be initiated under specialist
supervision and rarely play a role in the
immediate management of these
patients. Alcoholic hepatitis is an
important cause of ACLF. Maddrey’s
discriminant factor (Box 1) or Glasgow
alcoholic hepatitis score can be calcu-
lated to give an estimate of the potential
benefit of steroid therapy.

Histological confirmation is often
required and the risk of sepsis with these
therapies should be considered. Steroids
can also play a role in a flare of autoim-
mune liver disease. ACLF due to hepatitis
B can be managed with low-dose lamivu-
dine but antiviral therapy plays no role in

the acute setting in patients with
hepatitis C.

General therapies

Nutritional support is key and early
involvement of a dietician crucial.
Patients with an alcohol history should
be prescribed pabrinex, oral thiamine
and B vitamins, and intravenous vit-
amin K. Glycaemic control should be
monitored – of particular importance in
alcoholic and diabetic patients, but a
failure of gluconeogenesis is a feature of
end-stage liver failure.

Future therapies

Artificial and bioartificial liver support
systems are a key area of research
interest, particularly in the context of
ACLF. Data to date are limited and fur-
ther studies required before these systems
can be routinely used.

Prognosis

Mortality from a first-presentation
variceal bleed is about 50% and heavily
influenced by the severity of underlying
liver disease. Child-Pugh class is a good
predictor of survival, with one-year
mortality rates from subsequent
variceal haemorrhage for class A, B and
C of 5%, 25% and 50%, respectively.
Patients with SBP have an inhospital
mortality of 20%. Survival is highly
influenced by the presence or absence
of HRS. Once patients develop SBP,
cumulative recurrence rates are 70%
with a median survival of nine months.
Patients with type I HRS have a prog-
nosis of less than two weeks, with fewer
than 10% surviving their hospital
admission.

Acute liver failure

Definition

ALF is characterised by jaundice, coagu-
lopathy and encephalopathy in patients
with previously normal liver function.
The chronicity to onset of jaundice
and/or encephalopathy is used to classify
patients into the following groups:
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Box 1. Maddrey’s discriminant factor (DF).

DF � (prothrombin time � control (sec)) 	 4.6 �
bilirubin (�mmol)

17

If DF �32, patient may benefit from therapy for alcoholic hepatitis
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• hyperacute liver failure: less than 7
days

• ALF: 7–28 days

• subacute liver failure (SLF): 5–12
weeks.

Background

The main cause of ALF is viral- or drug-
induced hepatitis. Non-prescription
medication such as paracetamol,
NSAIDs and herbal medicines are
important potential aetiological factors.
Wilson’s disease, autoimmune and
ischaemic hepatitis may also cause ALF.

Clinical presentation

The time interval to onset of liver failure
is important. Patients with ALF and
hyperacute liver failure are more likely to
present with HE and haemodynamic
compromise. Patients with SLF are less
likely to develop encephalopathy and
may even have ascites. HE may manifest
only with subtle neuropsychiatric dis-
turbance, but early detection and
referral are key. Rarely will there be clin-
ical features of underlying aetiology. A
thorough history, particularly in refer-
ence to use of prescribed and non-pre-
scribed medication, is important.
Kayser-Fleisher rings are an important
finding and pathognomonic of Wilson’s
disease. It is clearly important to ascer-
tain if there are any clinical features
which may suggest chronic liver disease.

The possibility of acute fatty liver of
pregnancy in women in the third
trimester of pregnancy should be con-
sidered because it is thought to be part
of a spectrum with the HELLP
syndrome and pre-eclampsia.

Investigations

Initial investigations will include rou-
tine laboratory tests. The most impor-
tant of these are BR, PT and serum
creatinine. pH is of particular prog-
nostic importance in the context of
paracetamol toxicity, yet is frequently
omitted in routine assessment of these
patients. A routine non-invasive liver
screen should be processed early and the
patient have urgent imaging of the liver
and hepatic and portal vessels. A tran-
sjugular liver biopsy may be required.
Patients with ALF should be discussed
with a liver transplant unit, and investi-
gations and clinical assessment con-
tinued at frequent intervals until
recovery or transfer to a transplant unit.

Management

Patients with ALF should be managed in the
context of a high dependency unit
(HDU)/intensive therapy unit environment
(full review of management in the latter is
outside the scope of this article).
Encephalopathy is a particular concern in
these patients. Severe encephalopathy war-
rants intubation and appropriate supportive

management. Intracranial pressure moni-
toring may be required. As with all critical
care patients, attention should be given to
optimising volume status although fluid
type is not crucial. Noradrenaline may be
used if circulatory support is required and
adrenal insufficiency should be considered
as a contributing factor. Empirical antibac-
terial and antifungal cover is often given and
there should be a low threshold for consid-
ering N-acetylcysteine to cover the possi-
bility of paracetamol toxicity. Care should
be taken to correct electrolyte disturbances
and achieve good glycaemic control. Good
nutrition is important and gastric protec-
tion should be prescribed.

Criteria for referral

Referral to specialist centre in paracetamol
hepatotoxicity

• day 2: arterial pH�7.3, international
normalised ratio (INR)�3,
encephalopathy, Cr>200, hypogly-
caemia

• day 3: arterial pH�7.3, INR�4.5,
encephalopathy, Cr�200

• day 4: any rise in INR,
encephalopathy, Cr�250.

King’s College Hospital criteria for trans-
plantation

1 Paracetamol overdose

• pH�7.3, irrespective of degree of
encephalopathy

• PT�100 sec, serum creatinine
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Acute on chronic liver failure 

Variceal haemorrhage • Airway management and prompt resuscitation is key

• Early pharmacological and endoscopic therapy improves outcome

• Sengstaken-Blakemore tube and TIPSS insertion may be required for refractory cases

• Empirical antibiotic therapy should be given

Sepsis • Sepsis is frequently a feature of ACLF

• SPB should be excluded

• Renal function should be closely monitored in SBP due to high risk of HRS

• Salt-poor human albumin solution and low-dose terlipressin play a role in HRS complicating SBP

Other • For encephalopathy, airway protection is key

• Specific therapies should be initiated only under specialist supervision

HRS � hepatorenal syndrome; SBP � spontaneous bacterial peritonitis; TIPSS � transjugular intrahepatic portosystemic stent shunt.

Table 4. Summary of the management of patients with acute on chronic liver failure (ACLF).

CMJ1001-Thomas_CME.qxd  1/20/10  12:29 PM  Page 77



�300 �mol/l if in grade III/IV
encephalopathy.

2 Non-paracetamol

• PT�100 sec regardless of degree of
encephalopathy, or

• any three of the following:
– aetiology: non-A, non-B, idio-

syncratic drug reactions,
halothane hepatitis

– age �10 or �40 years
– interval from jaundice to

encephalopathy �7 days
– PT �50 sec
– BR�300 �mol/l.

Prognosis

SLF is associated with a worse prognosis;
patients with ALF and hyperacute liver
failure have higher rates of spontaneous
recovery. The King’s College Hospital cri-
teria reflect the adverse prognostic
groups in this cohort of patients. Patients
who satisfy these criteria have a survival
of 10–15% without transplantation.

Summary

Patients with ALF or ACLF frequently
develop multiple organ failure and
should be managed by senior physicians
in a high dependency or intensive care
environment (Table 4).
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