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In 2007, 15 203 people died from liver disease and it 
is now the fifth biggest killer after heart disease, can-
cer, stroke and respiratory disease. The number of 

deaths from liver disease in the UK now compared to 
1991 has doubled, and it is the only major cause of death 
still increasing year on year (British Liver Trust, 2008). 
There are approximately 400 cases of acute liver failure 
in the UK every year.

With an increasing incidence of decompensated liver 
disease, the number of referrals for intensive care of 
patients with liver disease will increase. Liver disease has 
multisystem effects and causes profound physiological 
insult. The supportive treatment required to facilitate 
recovery or specific treatment is only available in an 
intensive care setting. 

There are four categories of liver injury encountered in 
the intensive care environment. These are:
1.	 Transaminitis or cholestatic jaundice associated with 

critical illness
2.	 Acute ischaemic hepatitis
3.	 Acute liver failure (coagulopathy and encephalopathy 

in a patient without pre-existing cirrhosis and less 
than 6 months’ illness)

4.	 Acute decompensation of severe (end-stage) chronic 
liver disease.

This article outlines the care of patients with liver disease 
in general intensive care units.

Diagnosis and evaluation
The correct categorization of liver failure is a key task of 
the attending physician – it is crucial to decide which 
category a patient falls into, as each carries a different 
aetiology, pathogenesis, treatment and prognosis.

The history is nearly always key to the underlying 
aetiology of liver failure. This should elicit use of medica-
tion and exposure to other drugs as well as the risk of 
exposure to blood-borne viruses. In cases where the 
patient is already encephalopathic, the history will need 
to be gained from other sources.

Examination needs to focus on assessment of mental 
function and the grading of encephalopathy, and also as 
to whether the patient is protecting his/her airway. 
Patients with marked encephalopathy (grade III–IV) 
should be admitted to intensive care proactively, as they 
are at high risk of further deterioration. The physical 

examination should be used to help support the diagno-
sis, and to attempt to differentiate between acute and 
acute on chronic liver disease.

Laboratory investigations should be comprehensive 
and used to assess aetiology. Although the aetiology will 
hopefully come from the history, these investigations may 
reveal underlying disorders amenable to treatment or fac-
tors predisposing to liver failure. The investigations can 
be divided into functional and investigatory (Table 1).
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Functional	 Prothrombin time or international normalized ratio

	 Biochemistry	 Sodium, potassium, chloride, bicarbonate, calcium, 
		  magnesium, phosphate glucose , urea, creatinine

		  Aspartate aminotransferase, alanine  
		  aminotransferase, alkaline phosphatase, gamma  
		  glutamyl transferase, total bilirubin, albumin

	 Arterial blood gas	 Lactate 

	 Full blood count 

	 Blood type and screen

	 Ammonia

Investigatory	 Paracetamol level 

	 Toxicology screen 

	 Viral hepatitis serology	 Anti-hepatitis A virus IgM, hepatitis B surface  
		  antigen, anti-hepatitis B core IgM, anti-hepatitis C  
		  virus IgM, anti-hepatitis E virus IgM,  
		  Epstein–Barr virus, cytomegalovirus

	 Ceruloplasmin level

	 Ferritin level

	 Pregnancy test (females)

	 Autoimmune markers	 Anti-nuclear antibodies

		  Anti-smooth muscle antibodies 

	 Alfa-fetoprotein

Table 1. Laboratory investigations
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An ultrasound of the liver is the initial imaging 
modality of choice. This can be used to assess for the 
appearance of cirrhosis and help to exclude hepatocel-
lular carcinoma.

It is always worth early discussion with the local trans-
plant unit if the patient fulfills the criteria for liver trans-
plantation or other specialist therapy (e.g. transjugular 
intrahepatic portosystemic shunt; TIPPS). Transfer is 
much more easily arranged and safer the lower the grade 
of encephalopathy. Consideration should be given to 
elective intubation before transfer if there is any doubt 
about airway protection.

Management
Wherever possible treatment should be aimed at the 
underlying cause. Where the aetiology is not found, 
treatment is supportive. Specific management is shown 
in Table 2.

Liver disease has multisystem effects and these patients 
are usually very unwell. They are often looked after on 
general wards but high dependency unit or intensive care 
unit care is often required to optimize the therapy of 
these patients.

Encephalopathy
The physiological mechanisms of encephalopathy have 
never been clearly elicited. Cerebral oedema and intra-
cranial hypertension are well recognized in liver failure. 
This can result in ischaemic brain injury. The pathologi-
cal process behind the development of cerebral oedema 
is not fully understood, but probably results from osmot-
ic brain disturbances and loss of cerebral autoregulation. 
Cerebral oedema rarely occurs in patients with grade I–II 
encephalopathy. The risk of oedema rises to 30% in 
grade III and 70% in grade IV encephalopathy (Munoz, 
1993).

As encephalopathy increases to grade III–IV, airway 
protection is likely to be required. Relatively low doses 
of sedation are often all that are required for the 
patient to tolerate the endotracheal tube, as a result of 
reduced metabolism of sedative drugs. Measures aimed 

at cerebral protection and avoidance of secondary 
brain injury should be instituted.

As cerebral perfusion pressure = mean arterial pressure 
– intracranial pressure it may be necessary to support the 
cardiovascular system with vasopressors to maintain cer-
ebral perfusion pressure >60 mmHg (Richardson and 
Bellamy, 2002). It must be remembered that patients 
with liver disease are often relatively hypotensive.

Experimental studies have shown that ammonia can 
result in the development of cerebral oedema (Blei et al, 
1994). Ammonia levels greater than 200 mg/dl have been 
associated with cerebral herniation (Clemmesen et al, 
1999). In view of these findings and clinical experience 
in patients with chronic liver disease, reducing ammonia 
plasma levels with the use of lactulose seems a reasonable 
treatment but there has never been a demonstrated sur-
vival benefit to this action in acute liver failure (Alba et 
al, 2002). There is evidence that ammonia levels do not 
relate to severity of encephalopathy but more reliably to 
the degree of inflammation, which may help explain why 
encephalopathy does not resolve with lactulose therapy 
(Shawcross et al, 2007). There is no value to additional 
lactulose should the patient be opening his/her bowels 
twice daily.

Hyperventilation has been used previously in an 
attempt to reduce intracranial pressure, and although 
there was a longer time to cerebral herniation, there was 
no reduction in cerebral oedema or mortality. As with 
head injuries there is no place for hyperventilation in 
encephalopathy (Ede et al, 1986; Strauss et al, 1998). A 
lung-protective strategy of ventilation, aiming for nor-
mocapnoea, should be instituted. 

Seizures may occur as a result of the process leading to 
increased intracranial pressure. There is a balance to be 
found in the treatment of seizures. Sedative medication 
will make assessment of encephalopathy more difficult, 
while there is a need to terminate seizures as they may 
acutely increase intracranial pressure. Phenytoin is a rea-
sonable choice for preventing seizures.

Hypertonic saline has been used to maintain sodium 
levels 145–155 mmol/litre in patients with acute liver 
failure and was found to prevent increases in intracra-
nial pressure (Murphy et al, 2002). This study also 
revealed a reduction in vasopressor requirements when 
hypernatraemia is produced. The number of patients 
involved in the study was small, and no survival benefit 
was seen.

There is no place for corticosteroids in the manage-
ment of raised intracranial pressure associated with liver 
disease (Canalese et al, 1982).

Coagulopathy
Clotting abnormalities are almost universal in the patient 
with liver failure, resulting from deranged synthetic 
function but also from increased consumption of both 
clotting factors and platelets. As a general guide, fresh 
frozen plasma should not be used to correct the coagu-

Disease	 Treatment

Paracetamol overdose	 N-acetylcysteine

Viral hepatitis 	 Supportive therapy

Chronic hepatitis B	 Nucleoside analogues

Wilson’s disease	 Transplant

Autoimmune hepatitis	 Corticosteroids

HELLP (haemolysis, elevated liver enzymes, low platelets)	 Delivery of fetus

Ischaemic hepatitis	 Cardiovascular support

Budd–Chiari	 Transplant (exclude malignancy)

Unclear diagnosis	 Consider biopsy

Table 2. Specific treatments of liver failure
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lopathy, as these factors will be rapidly consumed 
(Gazzard et al, 1975), and the administration of clotting 
factors also makes clotting investigations uninterpretable 
for assessing liver synthetic function. However, it is rea-
sonable to use fresh frozen plasma to cover the periods 
during which invasive procedures are to be performed, or 
when there is active bleeding and the patient’s interna-
tional normalized ratio is >1.5. Cryoprecipitate can be 
used to maintain a fibrinogen of >1 mg/dl where there is 
a reluctance to use fresh frozen plasma. This has the 
advantage of lower volume and sodium load.

Vitamin K is routinely given, for 3 days, to try and 
correct the coagulopathy. This will be to varying success 
and have no effect acutely, but is a reasonable course of 
action.

Platelet transfusions are rarely indicated if the levels are 
greater than 20 000/mm3 (Drews and Weinberger, 
2002). However, for invasive procedures levels greater 
than 50 000/mm3 are desirable. If patients develop sig-
nificant bleeding with platelets less than 50 000/mm3 

then a platelet transfusion should be instituted to main-
tain that level.

Further investigation of the role of recombinant acti-
vated factor VII is required, but a small study has shown 
beneficial short-term effect on correction of clotting 
abnormalities, with the added advantage of only admin-
istering small volumes to these patients, where fluid bal-
ance is often critical (Shami et al, 2003). 

Gastrointestinal haemorrhage
Gastrointestinal bleeding is a common cause of death 
in patients with liver disease and is usually more com-
plicated to manage because of the presence of coagu-
lopathy. Endoscopy will allow diagnosis and treatment 
of these patients with this complication. Varices are 
more likely to be present in acute on chronic liver fail-
ure, but patients with acute liver failure are at risk of 
ulceration.

Coagulopathy and mechanical ventilation for more 
than 48 hours are risk factors for gastrointestinal 
bleeding in all groups of intensive care patients (Cook 
et al, 1994). Liver failure has been identified as an 
independent risk factor for stress ulceration (Martin et 
al, 1992). 

All these patients should be on gastric acid prophy-
laxis. Histamine antagonists have demonstrated proven 
gastric protection for many years but there is now con-
vincing evidence that proton pump inhibitors provide 
more profound and longer lasting gastric acid suppres-
sion (van Rensburg et al, 2003). The reduced gastric acid 
assists platelet aggregation, decreases clot lysis and fibri-
nolytic enzymatic activity. These benefits are maximized 
in high dose proton pump inhibitor infusions where 
there is active upper gastrointestinal bleeding (Lau et al, 
2000). The effects of proton pump inhibitors may be 
more prolonged in liver failure as a result of their metab-
olism by the cytochrome P450 enzymes.

More specifically, haemorrhage from oesophageal 
varices carries a high mortality. There is a known associa-
tion with sepsis and variceal haemorrhage as a result of 
the release of endotoxin and worsening coagulopathy.

Cardiovascular resuscitation should be initiated 
promptly with appropriate blood products as required, 
being mindful that bleeding from varices rarely occurs 
with portal vein pressures <12 mmHg. However, there is 
little evidence for a threshold above which bleeding is 
more likely (Jalan et al, 2008) and measuring this value 
is mostly a research tool. Central venous pressure is 
unlikely to be a reliable surrogate. 

Endoscopy should be arranged as soon as possible. 
This will facilitate banding of the varices, which eradi-
cates varices faster than sclerotherapy. There is no benefit 
to sclerotherapy as an adjunct to banding (Al-Traif et al, 
1999).

Terlipressin assists with haemostasis and is additive to 
endoscopic intervention. The effects of terlipressin 
reduce portal hypertension by reducing portal blood 
flow. This is the only pharmacological agent which 
reduces mortality in variceal bleeding (Ioannou et al, 
2002). The use of terlipressin has been associated with 
increased cerebral blood flow and intracranial pressure 
(Shawcross et al, 2004). Terlipressin is relatively contra-
indicated in patients with ischaemic heart disease.

TIPSS is an interventional radiology procedure which 
aims to reduce portal pressure by creating a connection 
within the liver between the portal and systemic circula-
tions. TIPSS should be considered in acute variceal 
bleeding uncontrolled by medical and endoscopic thera-
py or where there is recurrent or refractory variceal 
bleeding (Colombato, 2007). TIPSS is associated with a 
25% incidence of acute encephalopathy. Patients are 
likely to require transfer to a tertiary referral centre for 
this procedure. 

Sepsis
Patients with liver failure are immunocompromised and 
therefore at risk of both bacterial and fungal infections. 
Prophylactic antibiotics reduce the incidence of infection 
in some subgroups but there has been no improvement 
seen in survival and therefore there is no role for prophy-
lactic antibiotics (Rolando et al, 1993).

Deterioration of cognitive function or development of 
delerium may be the initial presenting sign of sepsis. It is 
vital to be proactive in looking for infection and have a 
low threshold for starting appropriate antibiotics and/or 
antifungals. Meticulous aseptic technique with line 
insertion and handling is essential. There is an associa-
tion between the systemic inflammatory response syn-
drome and worsening grades of encephalopathy.

Renal failure
Fluid management and control of electrolytes is a chal-
lenge in these patients, particularly when there is renal 
involvement and/or elevated intracranial pressure. 
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Prevention of renal failure is vital as it has such a pro-
found prognostic effect. These patients have multiple 
reasons for being intravascularly deplete; poor oral intake 
secondary to encephalopathy, extracellular transudation 
of fluid and gastrointestinal blood losses. Most patients 
will require fluid resuscitation, usually with a colloid, but 
there is no evidence that this is better than appropriate 
crystalloids. These patients may have chronic hyponat-
raemia and this must be considered when selecting fluids 
for resuscitation and the rate of correction of sodium 
considered.

As a consequence of repeated bacterial endotoxaemia, 
these patients may be peripherally vasodilated and, even 
when fluid resuscitated, often remain relatively hypo-
tensive. Cardiovascular monitoring may be beneficial to 
guide fluid therapy and initiation of vasopressors if 
required. Alpha-adrenergic agents reduce peripheral 
oxygen delivery (Wendon et al, 1992), and although 
oxygen delivery is vital, appropriate perfusion pressures 
are required to maintain renal function, and a mean 
arterial pressure of 60 mmHg would be an appropriate 
target. In patients with deteriorating renal function 
both terlipressin and noradrenaline are beneficial 
(Alessandria et al, 2007). The dose for terlipressin is 
0.5–2 mg 6-hourly.

Where renal replacement therapy is required and 
appropriate, continuous modes rather than intermittent 
modes should be used to help maintain consistent cardio-
vascular and intracranial conditions by preventing dra-
matic fluid shifts. Early institution of renal replacement 
therapy may aid appropriate fluid balance.

Avoiding nephrotoxic agents should be a priority, 
although this may be complicated by the need for spe-
cific antibiotics when treating sepsis and appropriate 
radiological investigations requiring the administration 
of contrast.

Ascites and ventilation
Ascites creates a number of challenges to different sys-
tems. Within the abdomen there is the risk of abdominal 
compartment syndrome and exacerbation of compromise 
in renal function. 

Ventilation is difficult with tense ascites because of 
diaphragmatic splinting. In the mechanically ventilated 
patient a high positive end expiratory pressure strategy 
with relatively high mean airway pressures may cause 
less damage to the lung parenchyma, as the transpulmo-
nary gradient is reduced by the raised intra-abdominal 
pressure.

Drainage of tense ascites by paracentesis will assist ven-
tilation but the balance of risk needs to be weighed. If 
paracentesis is used, the drain should not remain in situ 
for any longer than 6 hours because of the risk of intro-
ducing infection.

The question of which plasma expander to use is still 
unanswered. Plasma expansion should always be used 
when draining greater than 5 litres of ascites. Synthetic 

plasma expanders are clinically effective at preventing 
hyponatraemia and renal impairment. In comparison to 
albumin, the synthetic plasma expanders cause greater 
activation of the renin–angiotensin system and an 
increased incidence of liver-related complications (Moore 
and Aithal, 2006). 

Where the facility is available, paracentesis should be 
carried out with real-time ultrasound guidance to avoid 
trauma to abdominal wall varices and administration of 
terlipressin to prevent hyperaemia of gastric varices and 
subsequent gastric bleeding.

Nutrition
Hypoglycaemia is a common problem with liver failure, 
and should be managed with glucose infusions as symp-
toms and signs can be masked by the presence of enceph-
alopathy and the multisystem effects of liver failure. 
Repeated supplementation of ions (potassium, magnesi-
um and phosphate) may be necessary to correct abnor-
malities. Assessment of plasma levels of electrolytes 
should be frequent (at least daily).

Wherever possible, enteral nutrition should be initi-
ated as soon as possible. Immunonutrition has not 
shown any benefit in critically ill patients with liver dis-
ease. Although protein load has traditionally been mini-
mized, 60 g/day is reasonable in most patients (Polson 
and Lee, 2005).

Parenteral nutrition may be an alternative should 
enteral nutrition not be possible, but the risks of subse-
quent infections need to be considered.

Molecular adsorbent recirculating system
The molecular adsorbent recirculating system (MARS) 
uses two separate dialysis circuits, the first of which con-
sists of human albumin in exchange with the patient’s 
blood via a semi-permeable membrane. This circuit has 
filters incorporated which remove the adsorbed toxins 
from the circuit albumin before it is recirculated. A 
number of toxins such as ammonia, bilirubin, copper, 
iron and bile acids can be removed.

MARS requires the insertion of an appropriate central 
venous catheter and for cardiovascular stability it is advis-
able to stop haemofiltration during this period. 

Although this system would seem to be a solution to 
liver failure in the same way that dialysis is used to treat 
renal failure, it remains to be seen exactly where this sys-
tem should be used. Although excretory function can be 
produced in this manner, the many other hepatic func-
tions are still missing.

The MARS system has been used for patients awaiting 
liver transplant as a measure to provide more time for a 
donor to be found. In spite of this technological advance 
overall mortality is still very high (Lee et al, 2005). 
However, a more recent study with longer durations of 
MARS therapy meant some patients listed for urgent 
liver transplant avoided this intervention as their liver 
function improved (Camus et al, 2009). The numbers 
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involved in both trials were small and so the exact indica-
tions for MARS therapy may yet change.

There are risks associated with the MARS system, par-
ticularly in unstable or septic patients, where it can pre-
cipitate cardiovascular collapse.

Conclusions
In spite of many advances in the care of patients with 
liver disease, most management is supportive and good 
basic intensive care is at the heart of this treatment. 
Further work is required in providing treatments that 
provide synthetic function substitution as well as the 
excretory function provided by MARS. BJHM
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KEY POINTS
n	 Liver disease is an increasing problem with younger groups of patients being affected.

n	 Aetiology helps determine prognosis.

n	 Encephalopathy results from mixed mechanisms: toxins and raised intracranial pressure.

n	 Blood products should be used appropriately to allow assessment of synthetic function.

n	 Management of gastrointestinal bleeding is multimodal and may require transfer to tertiary centres.

n	 Discuss patients with tertiary centres early, as transfer is safer with lower grades of encephalopathy.

n	 If the aetiology is unclear, unidentified viral infection must be considered and early discussion with transplant centres is warranted.


