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Purpose of review

A number of conditions can lead to acute liver failure. Determining the cause has

important prognostic implications that guide decisions regarding the likelihood of

spontaneous recovery, or conversely, the need for transplantation.

Recent findings

Neurological deterioration is associated with intracranial hypertension, which requires

meticulous management. The decision to employ invasive intracranial pressure

monitoring is controversial because of associated risks and the lack of controlled

studies. Recent literature addressing the use of intracranial pressure monitoring is

reviewed.

Summary

Even tertiary care units that specialize in liver disease treat acute liver failure patients

infrequently. Knowledge of the latest guidelines and treatment protocols can lead to

improved patient care.
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Introduction
Acute liver failure (ALF) is a condition with a variety of

causes. It is defined as sudden and severe liver cell

dysfunction leading to the onset of coagulopathy and

hepatic encephalopathy within 26 weeks of the appear-

ance of jaundice in an individual without previous liver

disease [1]. It is an uncommon condition with an inci-

dence of 2000 cases per year in the USA, making it very

difficult to study and to compare the effects of different

treatments on outcome [2]. Two recent reports [3,4]

highlight the most common causes of ALF in the USA

and the UK (Table 1).

In the UK single-center study, the spontaneous (trans-

plant-free) survival was 56%. By comparison, the US

Acute Liver Failure Study Group reported 43% survival

without transplant among 308 patients at 17 centers in the

USA [5]. The 3-week survival for those who received a

transplant (24% of patients) was 84%. Treatment consists

of management of the underlying causal factor, and the

active prevention and treatment of multisystem and

organ complications. Between 20 and 30% of patients

with ALF will undergo liver transplantation. It is difficult

to predict who will recover without liver transplantation.

Several scoring systems have been developed to help

predict outcome in ALF, the most notable is the King’s

College Criteria. This risk stratification, based on cause

[6], age [7], encephalopathy, acid–base status (acetami-
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nophen) [8], coagulopathy and renal function, can be

used to identify patients with a poor chance of spon-

taneous survival. Liver transplantation is indicated for

these patients. Others scoring systems include inter-

national normalized ratio (INR), alpha-fetoprotein, arter-

ial lactate, arterial ammonia, phosphate and factor V [1,9].

Most units use prognostic scoring indices as a general

guide and also take into account progress of individual

patients and specific experience by individual tertiary

centers. One of the biggest challenges for patients in

whom transplantation is indicated is to find an available

donor in a timely fashion, before complications such as

infection, sepsis, multiple organ failure or permanent

brain damage preclude transplantation. Outcome after

transplantation for ALF is comparable to that of trans-

plantation for cirrhosis, with 1-, 5- and 10-year survival

reported as 77, 66 and 48%, respectively [4]. Another

study [10] reported patient survival at 1, 3 and 5 years as

72, 70 and 67%, respectively. Living-related donation

(LRD) is an option in some centers to overcome the

problems of urgency and the shortage of acceptable

donors. Acceptable LRD outcomes have been achieved

with patient and graft survival similar to that seen after

transplantation for chronic liver disease [11].
Preoperative management
The intensivist’s role in ALF is four-fold: recognize that

ALF may be the precipitant of multiple systems organ
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Table 1 Cause of acute liver failure in the USA and the UK

Cause of ALF
% of USA cases

(n¼1033)
% of UK cases

(n¼1237)

Acetaminophen/paracetamol 46 61
Other drugs 12 6.7
Hepatitis B 7.4 2.6
Hepatitis A 3 1.1
Ischemic 4.2
Autoimmune 5.3 15
Wilson’s disease 1.7 0.6
Budd–Chiari syndrome 0.9 1.5
Pregnancy 0.8
Other 4.8
Indeterminate 14.6 7.8

ALF, acute liver failure. Data from [3,4].
failure (MSOF), identify the patient who will benefit

from orthotopic liver transplantation (OLT) and deter-

mine the optimal timing of surgery, recognize the patient

who is too ill to benefit and to secure the promise of a

technically successful transplant operation with skilled

postoperative management. Patients may present to the

ICU in a transplant center with ALF recognized and

cause defined. However, in a community setting, patients

with ALF may present with multisystem organ failure.

Abnormal liver function tests may be mistaken as part of

the MSOF rather than the precipitant per se. In the USA,

where acetaminophen intoxication accounts for 50% of

ALF and 50% of these patients overdose unintentionally

because of a therapeutic misadventure, there is signifi-

cant potential for missing acetaminophen intoxication as

the cause of MSOF.

Once ALF is recognized, the intensivist must identify

patients for whom liver transplant is indicated and

arrange transfer of patients to an appropriate facility.

In the transplant center, while resuscitating the patient

and instituting appropriate monitoring, the intensivist

must assess the tempo of deterioration. This factor will

allow for determination of the urgency of OLT as well as

recognition of the patient too ill to transplant. It will also

facilitate appropriate risk–benefit analysis if native

hepatectomy or high-risk donors are considered. Subtle

signs of spontaneous recovery of liver function may also

be appreciated and thereby obviate OLT. Once the

decision is made that the patient will need to undergo

transplantation, the goal is to maintain all other organ

function.

Cerebral edema

Cerebral edema leading to intracranial hypertension

(ICH) is one of the major causes of morbidity and

mortality in patients with ALF. Ammonia is converted

in the astrocytes to osmotically active glutamine causing

osmotic cerebral edema. Other factors such as loss of

cerebral vascular autoregulation, release of inflammatory

mediators and ischemic and hypoxic injury have also
opyright © Lippincott Williams & Wilkins. Unauth
been proposed. As liver function deteriorates, cerebral

hyperemia develops such that ICH is initially secondary

to increased cerebral blood volume. This presages the

development of cytotoxic cerebral edema, which results

in falling cerebral blood flow and increased intracranial

pressure (ICP). Cerebral edema presents clinically as

hepatic encephalopathy due to ICH. The severity of

ICH correlates with the severity of hepatic encephalo-

pathy.

Diagnostic modalities include physical examination,

which is superior to invasive monitoring until the point

when coma supervenes. A computed tomography (CT)

scan of the head is indicated to rule out any other

potential causes of high ICP, most importantly bleeding.

However, the CT is insensitive to ICH [12]. Loss of

gray–white differentiation and ventricular compression

indicate cerebral edema but occur relatively late in the

course, long after elevated ICP is identified by direct

monitoring. MRI and PET provide tremendous insight

into structure, blood flow and metabolism in the experi-

mental setting but are poorly attuned to the needs of the

critically ill patient.

Infection, hypoxemia, hemodynamic instability and

metabolic disturbances can lead to a further deterioration

of neurological status. There is no recommendation for

the use of seizure prophylaxis, but seizures should be

actively treated.

Monitoring and management of intracranial pressure

Invasive monitoring is currently the only way to

measure ICP and to guide the treatment of ICH.

The indication for placement of an ICP monitor remains

a very contentious issue. These monitors are used

to accurately detect and intervene when the ICP is

elevated. The US Acute Liver Failure study group

recommends the placement of an ICP monitor in

patients listed for transplantation with grades III–IV

hepatic encephalopathy (confusion, sleepiness or

coma). Although ICP placement is associated with

increased interventions in patients with ALF, it remains

to be demonstrated that survival is improved [13]. In

part, this reflects the risk of hemorrhage related to the

invasiveness of the technique as well as the risks of

aggressive correction of coagulopathy and use of anti-

microbials for prophylaxis. External ventricular drai-

nage, the standard in neurointensive care, is considered

too invasive by many because of the risk of parenchymal

hemorrhage. However, this approach is utilized routi-

nely by one of the authors (D.K.). It has the potential

advantage of avoiding spikes in ICP by draining cere-

brospinal fluid and avoiding transient cerebral ischemia.

Epidural catheters have the lowest rate of complications

but are not found to be reliable. Complications increase

with subdural and intraparenchymal devices.
orized reproduction of this article is prohibited.
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In a prospective case series of 22 ALF patients managed

with an intraparenchymal ICP monitor, three cases of

monitor-related intracranial hemorrhage occurred [14��].

In this series, there were no deaths related to cerebral

edema, survival with transplant was 88% and survival

without transplant was 30%. This group used therapeutic

hypothermia (target 33–348C) more aggressively than

most other series. Other authors have reviewed the

therapeutic use of hypothermia for the management of

ICH and concluded that it appears to have benefits, but

that controlled trials are needed [6,15��].

Cerebral blood flow correlates with ICP and can be

measured noninvasively with xenon-133 using multiple

external detectors at the bedside or xenon-enhanced CT.

However, these techniques are predominantly used as

research tools. Transcranial Doppler (TCD) ultrasono-

graphy is widely available and useful for monitoring for

the presence of cerebral vasospasm after subarachnoid

hemorrhage. Although algorithms have been developed

to predict the ICP from TCD measurements [16,17], the

shape of the middle cerebral artery velocity–time curve

provides better insight into cerebral compliance [18].

Therapeutic intervention can be titrated with continuous

TCD monitoring. Catheterization of the jugular bulb

allows measurement of oxygen saturation in the venous

effluent of the brain, providing insight into the balance of

oxygen delivery and consumption. Cerebral blood flow is

inversely related to the arterial–jugular venous oxygen

content difference [19]. Narrowing of the arterial–jugular

venous oxygen content difference suggests cerebral

hyperemia (luxuriant flow) and presages ICH [20,21].

EEG monitoring permits detection of akinetic seizures

(nonconvulsive epilepsy), which will increase ICP and

cerebral edema [22]. Continuous EEG monitoring is

useful to avoid overdosage of propofol and barbiturates,

as the infusion can be titrated to burst suppression.

Deterioration of neurological function can happen over a

very short time with progression to higher grades of ICH

and hepatic encephalopathy. Mild grades of hepatic ence-

phalopathy (grades I and II) are managed by placing the

patient in a quiet setting and avoiding stimulation. Seda-

tion should be minimized. Benzodiazepines should be

avoided due to the slow clearance and potential worsening

of hepatic encephalopathy. Lactulose is believed to

reduce the high levels of blood ammonia and may be

beneficial in the treatment of hepatic encephalopathy.

The effectiveness of this treatment, however, has not been

demonstrated, and abdominal distension may make liver

transplantation more challenging.

As hepatic encephalopathy progresses to grades III–IV,

patients should be managed in a 30% head-up position.

The neck should be maintained in a neutral position.

Intubation of the trachea should considered to blunt
opyright © Lippincott Williams & Wilkins. Unautho
responses that would adversely affect cerebral compli-

ance and homeostasis; for example, straining, coughing

and valsalva can all cause an increase in ICP and decrease

in cerebral perfusion pressure (CPP). Sedation makes

frequent neurological testing more difficult; if needed,

sedation with short-acting agents (propofol or short-

acting narcotic) is preferred.

Once ICH develops, cerebral blood flow should be deter-

mined. Elevations in ICP should be actively treated. As

cerebral edema develops and cerebral blood flow falls,

maintenance of mean arterial blood pressure (BP) is of

paramount importance to preserve adequate CPP (mean

arterial pressure� ICP). Some centers aim for a CPP of

75 mmHg, others a value of more than 60 mmHg. Vaso-

pressor support is often required. Hypertonic saline will

reduce cerebral edema and ICP. The serum sodium should

be maintained between 145 and 155 mmol/l [23]. Osmotic

diuresis is particularly valuable in this setting so long as

renal function is preserved. Mannitol should be adminis-

tered in boluses of 0.5–1 g/kg while maintaining serum

osmolality below 320 mosm/l. Complications include

potential volume overload in patients with renal dysfunc-

tion, hypernatremia and hyperosmolality. The prophylac-

tic use of mannitol is not recommended. Mannitol can

result in an increase in ICP if renal failure is present [24].

Cautious administration is indicated for management of

cerebral edema if intravascular volume can be controlled

with continuous renal replacement therapy (CRRT).

ICH with cerebral hyperemia responds to reduction of

CVP, hyperventilation, sedation and hypothermia [25��] as

well as correction of metabolic acidemia and anemia.

Indomethacin may be effective in refractory cases of

ICH, though some have questioned its benefit [26].

Drug-induced coma with barbiturate or propofol can be

alternative options for ICH refractory to mannitol. Main-

tenance of CPP is essential as hypothermia and barbitu-

rates may exacerbate myocardial dysfunction and hypo-

tension. Those patients with high ICP in the presence of

hypotension face a dismal neurologic prognosis.

Respiratory

Management of the airway and mechanical ventilation

are dictated in large part by neurologic status. Patients

with grade III encephalopathy usually require endotra-

cheal intubation and mechanical ventilation. Acute lung

injury is common in ALF and may presage the develop-

ment of cerebral edema. Management is guided by the

experience of lung-protective strategies, which reduce

mortality and decrease extrapulmonary organ dysfunc-

tion in acute lung injury. These strategies include tidal

volume restricted to 6 ml/kg ideal body weight and main-

tenance of low airway pressures. This option may result

in hypercapnia. The conflicting imperatives of mild hypo-

capnia to address cerebral hyperemia and hypercapnia,
rized reproduction of this article is prohibited.
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which results from a lung-protective strategy may be

resolved by transient hyperventilation while other ICP-

reducing measures are initiated. Reasonable pretransplant

ventilation targets include FiO2 below 0.6, positive end-

expiratory pressure below 12 cmH2O and mean pulmonary

artery pressure below 40 mmHg. In the event of severe

acute lung injury and elevated pulmonary artery pressures,

prone positioning may improve gas exchange and pulmon-

ary artery pressures. Nitric oxide may provide additional

benefit.

Cardiovascular

Hypotension in ALF requires assessment of cardiac pre-

load and contractility but usually reflects progressive loss of

arterial tone as liver function worsens and/or as infection

and systemic inflammatory response syndrome (SIRS)

develop. Adequacy of preload may be difficult to assess

without invasive monitors. As in sepsis, elevated cardiac

output may mask decreased contractility. Myocardial

depression may be exacerbated by hypothermia, barbitu-

rates or both. Echocardiography provides real-time assess-

ment of ventricular filling and contractility, as resuscitation

is continued. Measurement of stroke-volume variation

with positive pressure ventilation can guide fluid resusci-

tation prior to placement of invasive monitors in the

patient who is not spontaneously breathing.

Vasopressor selection is somewhat arbitrary. Norepi-

nephrine is the vasopressor of choice in managing septic

shock [27], as it avoids tachycardia and the disadvanta-

geous effects of epinephrine on the splanchnic circulation.

Vasopressin is controversial in the setting of ALF. In the

management of septic shock, it proves to be norepi-

nephrine sparing, thereby mitigating side effects. It may

even have a benefit in mild septic shock with respect to

mortality. However, vasopressin and terlipressin have

been reported to increase ICP [28]. When cerebral auto-

regulation is impaired, however, it is probable that any

vasopressor that increases mean arterial BP will increase

ICP [29].

Infection

The failing liver is associated with acute portal hyperten-

sion and mesenteric congestion. This outcome is fre-

quently associated with SIRS [30] and infection, which

remains one of the major causes of mortality in patients

with ALF. Untreated infection is a contraindication to liver

transplantation. Pneumonia, urosepsis and central venous

catheter-related sepsis account for almost 85% of infec-

tions. Infective organisms are mainly Gram-negative

enteric bacilli, Gram-positive cocci and Candida species.

Empiric antibiotics against both bacteria and yeasts are

currently recommended for all patients listed for liver

transplantation. If a patient’s clinical condition changes

suddenly, infection should be ruled out. Sterile precau-

tions should be followed with placement and management
opyright © Lippincott Williams & Wilkins. Unauth
of these lines. Infection with Aspergillus is a particular

concern in patients with ALF combined with acute renal

failure [31]. Antifungal therapy with voriconazole requires

significant modification of calcineurin inhibitor doses.

Coagulopathy

A decrease in the synthesis of coagulation proteins, an

increase in consumption of clotting factors and low serum

fibrinogen levels manifest as a laboratory coagulopathy.

Typically, patients present with high INR, low serum

fibrinogen and low platelet counts. However, clinically

significant bleeding only occurs in up to 5% of patients,

with spontaneous intracranial bleeding occurring in less

than 1%. Most patients have near-normal portal press-

ures, and gastrointestinal bleeding is from superficial

gastric and gastroesophageal mucosal lesions rather than

from esophageal and gastric varices seen in patients with

cirrhosis. The risk of bleeding due to invasive procedures

is unknown. The US Acute Liver Failure Study Group

recommends an INR lower or equal to 1.5, and a mini-

mum platelet count of 50 000 platelets/ml for these

invasive procedures. There is no recommendation that

supports the prophylactic correction of an abnormal

coagulation profile in the absence of active bleeding.

However, all patients should receive parenteral vitamin

K (10 mg parenterally), as deficiency can occur in more

than 25% of patients. Options for correcting the INR are

the administration of fresh frozen plasma (FFP), recom-

binant factor VIIa (FVIIa) or both. Large volumes of FFP

might be needed to achieve the desired INR; potential

side effects include fluid overload, dilutional anemia and

thrombocytopenia. FVIIa avoids these complications;

however, it carries a risk of thrombotic complications.

Renal function and fluid management

Intravascular volume depletion due to inadequate intake,

gastrointestinal losses and transudation of fluid are fre-

quently present. Cautious resuscitation should be

attempted to optimize intravascular volume status and

to prevent volume overload. Colloid (albumin or FFP) is

the preferred solution. Preserving renal function is

achieved by optimizing renal perfusion, avoidance of

nephrotoxic drugs and early identification and treatment

of infection. Renal failure can be due to dehydration,

acute tubular necrosis or hepatorenal syndrome. Oliguria

should be assessed by urinalysis, fractional excretion of

sodium and ultrasonography to rule out hydronephrosis.

Protracted acidosis and volume overload are indications

for renal replacement therapy. When indicated, continu-

ous venovenous hemodialysis is the method of choice, as

it is less likely to exacerbate cerebral edema than inter-

mittent dialysis [32,33].

Liver function

Interventions targeted specifically at improving liver func-

tion are limited. N-Acetylcysteine infusion is indicated
orized reproduction of this article is prohibited.
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Table 2 Suggested criteria for deferral of liver transplantation

Deferral of liver transplantation for ALF – extrahepatic organ dysfunction

Neurologic CPP <40 for >2 h
Herniation (radiographic and clinical criteria)

Cardiovascular Norepinephrine >1 mg/kg/min
Respiratory ALI/ARDS PEEP >12 and FiO2 >60%

Pulmonary arterial hypotension Mean pulmonary artery pressure >40 mmHg
Intrapulmonary shunt (HPS) paO2/FiO2 <100

Functional status Bedbound >10 days

ALF, acute liver failure; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; CPP, cerebral perfusion pressure; HPS, hepatopulmonary
syndrome; PEEP, positive end-expiratory pressure.
in ALF due to acetaminophen intoxication, even late after

ingestion, and in ALF due to other causes, as transplant-

free survival is improved [34]. Heroic measures such as

recipient hepatectomy in advance of donor identification,

cross-blood group donation and high donor risk index

organs increase the probability of postoperative liver

allograft dysfunction. Ongoing graft dysfunction will per-

petuate MSOF and ICH.

Too sick to transplant

The threshold at which patients are considered too sick to

transplant is poorly defined. Several factors come into

play and include recipient acuity, donor quality, surgical

and anesthesia resources and the risk aversion philosophy

of the transplant program. Thresholds to consider are

outlined in Table 2. Patients can be reconsidered if

sufficient stabilization occurs.
Intraoperative management
As ALF is rare, and only 20–30% of ALF patients

undergo transplant, few data exist to guide intraoperative

patient management [35]. The intraoperative mortality

has been quoted as 1.5% in 204 patients undergoing liver

transplantation for ALF [10]. In this study, the median

time from encephalopathy to transplantation was 4 days

(range 0–72 days) and the median time from listing to

transplantation was 2 days (range 0–88 days). The majo-

rity of patients will arrive in the operating room mechani-

cally ventilated, 68% in the above study [10].

Patients should be monitored with intraarterial pressure

monitors and some form of central venous pressure or

pulmonary artery pressure monitoring. Transesophageal

echocardiogram as a monitoring device is becoming more

popular for liver transplantation [36]. Patients should be

managed in the head up and neutral neck position. The

hemodynamic and ventilatory goals are the same as in the

ICU. A primary volatile anesthetic technique is relatively

contraindicated due to the cerebral vasodilating proper-

ties of the inhalational anesthetic agents. However, below

one minimum alveolar concentration of volatile agent and

a paCO2 of 30–40 mmHg, there should be no adverse

effect on cerebral compliance. Osmotherapy with man-

nitol is indicated when ICP is more than 25 mmHg for
opyright © Lippincott Williams & Wilkins. Unautho
more than 10 min. A study [37] of six patients showed an

ICP rise during the pre-anhepatic phase, decrease during

the anhepatic phase and rise again with reperfusion and

during the early postoperative period. In a small case

series [38], hypothermia has been suggested as a possible

therapeutic option for refractory ICP elevations during

transplantation. There are no data on the effect of veno-

venous bypass on ICP and CPP. Nor does data exist on

the effects of partial inferior vena cava clamping during

the so called ‘piggyback technique’ used in some centers

during deceased donor graft implantation and typical

during living-related transplantation.

Postoperative management

After OLT, cerebral edema resolves slowly as the allo-

graft function improves. Modifiable clinical parameters

include level of sedation, body temperature, mean arter-

ial pressure, tension of carbon dioxide, intravascular

volume and osmolality. There is no study that demon-

strates superiority of any one specific approach. Indeed

management often lacks consistency within a single

program. The overarching goal is to maintain cerebral

perfusion until liver function is restored. The major

postoperative complications are neurological dysfunc-

tion, affecting up to 10% of patients, and infection [38].

Immunosuppression is ideally calcineurin inhibitor-

based with recognition that young, previously healthy

patients have a higher propensity for rejection. Renal

failure may warrant induction with interleukin-2 receptor

antagonists to permit a delay in the introduction of

calcineurin inhibitors. Early mycophenolate and corticos-

teroids provide cover while calcineurin inhibitor levels

are optimized. Steroid use may need to be limited in the

presence of critical illness-induced myopathy. Infection

of the allograft with hepatitis B is preventable by the

perioperative administrative of hepatitis B immune glo-

bulin and specific antiviral medications such as lamivu-

dine and entecavir.
Conclusion
Patients with ALF who fail to recover spontaneously

require liver transplantation. Once selected for liver

transplantation, the focus is on maintaining extrahepatic
rized reproduction of this article is prohibited.
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organ function, especially brain integrity, and to prevent

and treat infection. After transplantation, a smooth tran-

sition of care between the operating room and ICU

requires close communication between the anesthesio-

logist and intensivist. With well coordinated, meticulous

care, patients with ALF can experience posttransplant

survival rates comparable with those of patients with end-

stage liver disease.

Acknowledgement
The authors thank Jamie Stiner for her assistance with manuscript
preparation.

There are no conflicts of interest.
References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 401).

1 Stravitz RT, Kramer AH, Davern T, et al. Intensive care of patients with acute
liver failure: recommendations of the U.S. Acute Liver Failure Study Group.
Crit Care Med 2007; 35:2498–2508.

2 Polson J, Lee WM. AASLD position paper: the management of acute liver
failure. Hepatology 2005; 41:1179–1197.

3 Stravitz RT. Critical management decisions in patients with acute liver failure.
Chest 2008; 134:1092–1102.

4 Marudanayagam R, Shanmugam V, Gunson B, et al. Aetiology and outcome of
acute liver failure. HPB (Oxford) 2009; 11:429–434.

5 Ostapowicz G, Fontana RJ, Schiodt FV, et al. Results of a prospective study of
acute liver failure at 17 tertiary care centers in the United States. Ann Intern
Med 2002; 137:947–954.

6 O’Grady JG, Alexander GJ, Hayllar KM, Williams R. Early indicators of
prognosis in fulminant hepatic failure. Gastroenterology 1989; 97:439–445.

7 Schiødt FV, Chung RT, Schilsky ML, et al. Outcome of acute liver failure in the
elderly. Liver Transpl 2009; 15:1481–1487.

8 Bernal W, Donaldson N, Wyncoll D, Wendon J. Blood lactate as an early
predictor of outcome in paracetamol induced acute liver failure: a cohort
study. Lancet 2002; 359:558–563.

9 Stravitz RT, Larsen FS. Therapeutic hypothermia for acute liver failure. Crit
Care Med 2009; 37 (7 Suppl):S258–S264.

10 Farmer DG, Anselmo DM, Ghobrial RM, et al. Liver transplantation for
fulminant hepatic failure: experience with more than 200 patients over a
17-year period. Ann Surg 2003; 237:666–675; discussion 675–676.

11 Kilic M, Aydin U, Noyan A, et al. Live donor liver transplantation for acute liver
failure. Transplantation 2007; 84:475–479.

12 Munoz SJ, Robinson M, Northrup B, et al. Elevated intracranial pressure and
computed tomography of the brain in fulminant hepatocellular failure. Hepa-
tology 1991; 13:209–212.

13 Vaquero J, Fontana RJ, Larson AM, et al. Complications and use of intracranial
pressure monitoring in patients with acute liver failure and severe encephalo-
pathy. Liver Transpl 2005; 11:1581–1589.

14

��
Raschke RA, Curry SC, Rempe S, et al. Results of a protocol for the
management of patients with fulminant liver failure. Crit Care Med 2008;
36:2244–2248.

A case series of 22 patients describing outcomes from a single-center’s ALF
treatment protocol, which included ICP monitoring and hypothermia.

15

��
Wendon J, Lee W. Encephalopathy and cerebral edema in the setting of acute
liver failure: pathogenesis and management. Neurocrit Care 2008; 9:97–102.

A recent review of the mechanism, monitoring and treatment of cerebral edema in
ALF from recognized experts.
opyright © Lippincott Williams & Wilkins. Unauth
16 Weyland A, Buhre W, Grund S, et al. Cerebrovascular tone rather than
intracranial pressure determines the effective downstream pressure of the
cerebral circulation in the absence of intracranial hypertension. J Neurosurg
Anesthesiol 2000; 12:210–216.

17 Buhre W, Heinzel FR, Grund S, et al. Extrapolation to zero-flow pressure in
cerebral arteries to estimate intracranial pressure. Br J Anesthesiol 2003;
90:291–295.

18 Aggarwal S, Brooks DM, Kang Y, et al. Noninvasive monitoring of cerebral
perfusion pressure in patients with acute liver failure using transcranial
Doppler ultrasonography. Liver Transplant 2008; 14:1048–1057.

19 Aggarwal S, Bloom M, Kang Y, et al. EEG and AVDO2 monitoring: adjuncts in
the management of acute hepatic encephalopathy during liver transplantation.
Transplant Proc 1991; 23:1992–1993.

20 Aggarwal S, Kramer D, Yonas H, et al. Cerebral hemodynamic and metabolic
changes in fulminant hepatic failure: a retrospective study. Hepatology 1994;
19:80–87.

21 Aggarwal S, Obrist W, Yonas H, et al. Cerebral hemodynamic and metabolic
profiles in fulminant hepatic failure: relationship to outcome. Liver Transplant
2005; 11:1353–1360.

22 Ellis AJ, Wendon JA, Williams R. Subclinical seizure activity and prophylactic
phenytoin infusion in acute liver failure: a controlled clinical trial [see com-
ment]. Hepatology 2000; 32:536–541.

23 Murphy N, Auzinger G, Bernel W, Wendon J. The effect of hypertonic sodium
chloride on intracranial pressure in patients with acute liver failure. Hepatology
2004; 39:464–470.

24 Hanid MA, Davies M, Mellon PJ, et al. Clinical monitoring of intracranial
pressure in fulminant hepatic failure. Gut 1980; 21:866–869.

25

��
Stravitz RT, Lee WM, Kramer AH, et al. Therapeutic hypothermia for acute liver
failure: toward a randomized, controlled trial in patients with advanced hepatic
encephalopathy. Neurocrit Care 2008; 9:90–96.

A review of the benefits and risks of hypothermia for ALF.

26 Rasmussen M. Treatment of elevated intracranial pressure with indomethacin:
friend or foe? Acta Anaesthesiol Scand 2005; 49:341–350.

27 Dellinger RP, Levy MM, Carlet JM, et al. Surviving sepsis campaign: interna-
tional guidelines for management of severe sepsis and septic shock – 2008.
Crit Care Med 2008; 36:296–327.

28 Shawcross DL, Davies NA, Mookerjee RP, et al. Worsening of cerebral
hyperemia by the administration of terlipressin in acute liver failure with severe
encephalopathy. Hepatology 2004; 39:471–475.

29 Eefsen M, Dethloff T, Frederiksen H-J, et al. Comparison terlipressin and
noradrenalin on cerebral perfusion, intracranial pressure and cerebral extra-
cellular concentrations of lactate and pyruvate in patients with acute liver
failure in need of inotropic support. J Hepatol 2007; 47:381–436.

30 Rolando N, Wade J, Davalos M, et al. The systemic inflammatory response
syndrome in acute liver failure. Hepatology 2000; 32 (4 Pt 1):734–739.

31 Hellinger WC, Bonatti H, Yao JD, et al. Risk stratification and targeted
antifungal prophylaxis for prevention of aspergillosis and other invasive
mold infections after liver transplantation. Liver Transplant 2005; 11:656–
662.

32 Davenport A. Continuous renal replacement therapies in patients with liver
disease. Semin Dial 2009; 22:169–172.

33 Schiodt FV, Clemmesen JO, Hansen BA, Larsen FS. Cerebral edema due to
hemodialysis in paracetamol-induced fulminant hepatic failure. Scand J Gas-
troenterol 1995; 30:927–928.

34 Lee WM, Hynan LS, Rossaro L, et al. Intravenous N-acetylcysteine improves
transplant-free survival in early stage non-acetaminophen acute liver failure.
Gastroenterology 2009; 137:856–864.e1.

35 Steadman RH. Anesthesia for liver transplant surgery. Anesthesiol Clin North
America 2004; 22:687–711.

36 Wax DB, Torres A, Scher C, Leibowitz AB. Transesophageal echocardio-
graphy utilization in high-volume liver transplantation centers in the United
States. J Cardiothorac Vasc Anesth 2008; 22:811–813.

37 Keays R, Potter D, O’Grady J, et al. Intracranial and cerebral perfusion
pressure changes before, during and immediately after orthotopic liver
transplantation for fulminant hepatic failure. Q J Med 1991; 79:425–433.

38 Jalan R, Olde Damink SW, Deutz NE, et al. Moderate hypothermia prevents
cerebral hyperemia and increase in intracranial pressure in patients under-
going liver transplantation for acute liver failure. Transplantation 2003;
75:2034–2039.
orized reproduction of this article is prohibited.


	Transplantation for acute liver failure: perioperative™management
	Introduction
	Preoperative management
	Cerebral edema
	Monitoring and management of intracranial pressure
	Respiratory
	Cardiovascular
	Infection
	Coagulopathy
	Renal function and fluid management
	Liver function
	Too sick to transplant

	Intraoperative management
	Postoperative management

	Conclusion
	Acknowledgement
	References and recommended reading


