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Acute liver failure
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or autoimmune hepatitis tend to have acute to subacute 
presentations with poorer prognosis.1

The most common cause of ALF in the United States is 
acetaminophen overdose, which may be intentional or 
unintentional.4 In developing countries, most cases are 
related to viral hepatitis, most commonly hepatitis A, B, or 
E.4 Other potential causes of ALF are outlined in Table 1.

In the United States, ALF is rare, with a prevalence of 
2,000 to 3,000 cases annually.5-8 Although relatively uncom-
mon, ALF is associated with high morbidity and mortality. 
Before emergency orthotopic liver transplantation, survival 
rates for patients with ALF were estimated to be less than 
15%.6 Today, because of transplantation, improvements 
in critical care, and specialized care delivered at tertiary 
transplant centers, 1-year survival is now greater than 
65%.6 Although outcomes have improved, morbidity and 
mortality remain high, making it crucial for clinicians to 
rapidly identify these patients, begin initial diagnostic 
evaluation and management, establish early contact with 
a local transplant center, and consider early transfer as 
appropriate.6

PATHOPHYSIOLOGY
Through a variety of mechanisms, based on the specific 
underlying cause, ALF usually manifests with massive 
hepatic necrosis.4 Notable exceptions are Reye syndrome 
and acute fatty liver of pregnancy, which are characterized 
by diffuse fatty infiltration of the liver.9,10 The resulting 
severe hepatic dysfunction can cause patients to rapidly 
develop multiorgan dysfunction, manifesting with hepatic 
encephalopathy, cerebral edema, coagulopathy, hypoten-
sion, renal dysfunction, metabolic derangements, and 
hypoglycemia.

Acute liver failure (ALF) is a life-threatening condi-
tion that occurs in patients with no preexisting 
liver disease, and is defined as liver injury as indi-

cated by abnormal liver tests, coagulopathy (defined as 
an international normalized ratio [INR] greater than 1.5), 
and hepatic encephalopathy.1 The presentation of ALF 
can be further classified based on the rapidity of onset of 
hepatic encephalopathy: hyperacute (less than 7 days), 
acute (7 to 21 days), and subacute (more than 21 days).2,3 
The degree of acuity can suggest certain causes and also 
can have prognostic value. For example, patients with 
ALF caused by acetaminophen overdose or ischemic 
hepatitis tend to have hyperacute presentations with a 
more favorable prognosis; patients whose ALF is caused 
by non-acetaminophen drug-induced liver injuries (DILI) 
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ABSTRACT
Acute liver failure, commonly caused by acetaminophen 
overdose, is associated with numerous systemic complica-
tions including cerebral edema, hypotension, acute kidney 
injury, and infection. Management is primarily supportive, 
with an emphasis on excellent neurocritical care. Although 
some antidotes and targeted treatments exist, the only 
definitive treatment remains orthotopic liver transplant.
Keywords: acute liver failure, hepatitis, acetaminophen, 
hyperammonemia, cerebral edema, transplant

Learning objectives

	 Identify and differentiate ALF from more common 
conditions such as acute hepatitis, decompensated cirrhosis, 
and acute-on-chronic liver failure.

	 Identify the most common causes of ALF.
	Understand the most common complications of ALF.
	Incorporate the best available evidence-based strategies 
into the resuscitation and initial management of patients 
with ALF.
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COMPLICATIONS
Neurologic Hepatic encephalopathy and hyperammonemia 
are closely related to cerebral edema and elevated intra-
cranial pressure (ICP), arguably the most feared conse-
quences of ALF. Incompletely understood, hepatic 
encephalopathy is a complex and multifactorial manifes
tation in which ammonia plays a key role. Under normal 
physiologic conditions, ammonia is detoxified by the liver 
and converted into urea. In patients with severe hepatic 
dysfunction, however, hepatic metabolism of ammonia is 
less efficient. Consequently, detoxification is left to the 
skeletal muscle and brain cells, specifically astrocytes.4 As 
skeletal muscle becomes overwhelmed, astrocytes in the 
brain are left to detoxify excess ammonia to glutamine, 
causing cytotoxic edema and other deleterious central 
nervous system effects.11

Cardiovascular Hypotension and shock in patients with 
ALF can be multifactorial. Initially, patients may be hypo-
volemic because of decreased oral intake and gastrointes-
tinal losses. Persistent hypotension following initial volume 
resuscitation often is vasodilatory and caused by a loss of 
systemic vascular resistance in patients with hepatic dys-
function.6 Consider sepsis and severe acidemia and manage 
them accordingly.

Renal and metabolic Acute kidney injury (AKI) is com-
mon in patients with ALF, with one large retrospective 
study showing that up to 70% of patients had renal dys-
function and 30% required renal replacement therapy 
(RRT).1 Typically, the underlying mechanism of renal injury 
differs from hepatorenal syndrome seen in patients with 
chronic liver disease. Instead, AKI may be caused by sys-
temic inflammation, direct toxicity from acetaminophen 
metabolites, sepsis, hypovolemia, shock, or exposure to 
contrast medium or other nephrotoxins.12

Metabolic disorders are common in patients with ALF 
and may include various acid-base derangements, hypo-
glycemia, or electrolyte imbalances.6 In particular, phos-
phorus is an important electrolyte to trend because it may 
correlate with liver recovery. As the liver regenerates, 
adenosine triphosphate synthesis increases rapidly, caus-
ing an influx of phosphorus into hepatocytes. Although 

this is a good prognosticator of liver recovery, it requires 
active management with aggressive repletion because 
patients can develop severe hypophosphatemia.13

Hematologic Coagulopathy is a result of synthetic 
liver failure. Individual laboratory values, notably 
prothrombin time (PT) and INR, may be markedly 
elevated and are important for monitoring synthetic 
liver function. However, similar to patients with chronic 
liver disease, patients with ALF have deficiencies in 
procoagulants and anticoagulants, leading to a rebal-
anced coagulation equilibrium; as a result, significant 
bleeding is uncommon.12

Infectious disease Patients with ALF have a high 
prevalence of bacterial and fungal infections secondary 
to increased gut permeability, endotoxemia, albumin 
and lipoprotein dysfunction, and toll-like receptor 
expression.1,14

CLINICAL PRESENTATION
ALF, by definition, is characterized by encephalopathy. 
This alteration in mentation can vary greatly, from impaired 
attention and dysregulated sleep to frank coma.15 In addi-
tion to encephalopathy, patients may have a variety of 
other complaints including fatigue, anorexia, nausea, 
vomiting, abdominal discomfort, jaundice, and scleral 
icterus.4,16-18

When ALF is suspected, attempt to obtain a detailed 
history. This should include duration of symptoms and 
the patient’s past medical history, which can help exclude 
similar, more common, clinical entities such as decom-
pensated cirrhosis and acute-on-chronic liver failure; 
differentiation is critical because management of these 
conditions varies greatly. Additional history should 
assess for a cause such as a medication, intentional or 
accidental drug overdose or toxin ingestion, recent travel, 
recent medication changes, alcohol and substance use, 
pregnancy status, and family history. A complete phys-
ical examination should include a thorough neurologic 

Key points

	 ALF is defined as a severe liver injury with coagulopathy 
and hepatic encephalopathy developing within 26 weeks in 
the absence of preexisting liver disease.

	 Acetaminophen toxicity is the most common cause of ALF 
in the United States.

	 Patients with ALF are at increased risk for systemic 
complications, including cerebral edema, renal failure, 
infection, and severe metabolic abnormalities.

	 The only definitive treatment for ALF is orthotopic liver 
transplant.

TABLE 1. Causes of ALF4,38,39

• � Drug-related (including dose-dependent toxins and 
idiosyncratic drug reactions): acetaminophen, antituberculosis 
drugs, sulfonamides, phenytoin, disulfiram, propylthiouracil, 
various herbal and dietary supplements

•  �Viral: acute hepatitis (most often A, B, or E), herpes simplex 
virus, cytomegalovirus, adenovirus, Epstein-Barr virus, 
varicella-zoster virus, parvovirus B19

• � Pregnancy-associated: fatty liver of pregnancy; hemolysis, 
elevated liver enzymes, and low platelets (HELLP) syndrome

• � Vascular: veno-occlusive (including Budd-Chiari syndrome), 
ischemic (shock, cardiac)

• � Autoimmune hepatitis
•  �Toxins: mushroom poisoning (Amanita species)

•  �Other: Wilson disease, sepsis, hemophagocytic 
lymphohistiocytosis, malignant infiltration, heat stroke
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assessment evaluating the patient’s degree of encepha-
lopathy, and noting any focal neurologic deficits or signs 
of elevated ICP, which could include headache, nausea, 
vomiting, pupillary changes, or Cushing triad (hyperten-
sion, bradycardia, and irregular respirations).19 Addi-
tionally, evaluate for signs of chronic liver disease, 
including ascites, caput medusae, palmar erythema, 
spider telangiectasias, and gynecomastia in males.

A thorough examination also may uncover features that 
are suggestive of specific causes, such as Kayser-Fleischer 
rings associated with Wilson disease, or a diffuse maculo-
papular eruption suggestive of drug reaction with eosino-
philia and systemic symptoms (DRESS) syndrome.

DIAGNOSTIC EVALUATION
An accurate diagnosis, including the underlying cause, is 
important for cause-specific management, which is pro-
moted in clinical practice guidelines for ALF. Be suspicious 
for ALF in a patient with new-onset liver disease with 
increased PT. Evaluate liver enzymes to establish evidence 
of liver damage. Initial laboratory tests should include a 
complete blood cell (CBC) count, comprehensive metabolic 
panel (CMP), and PT/INR. Aspartate transaminase (AST) 
and alanine transaminase (ALT) typically are markedly 
elevated. Alkaline phosphatase also may be elevated, but 
typically to a lesser degree than AST and ALT, indicating 
a hepatocellular pattern.20 By definition, INR will be ele-
vated. If the patient’s initial diagnostic evaluation is con-
sistent with ALF, a thorough additional workup should 
include studies directed at identifying the underlying cause 
(Table 2).1

The American College of Gastroenterology (ACG) also 
recommends imaging studies for all patients as well as 
transplant candidates.1 Imaging typically begins with a 
right upper quadrant ultrasound to assess the liver 
parenchyma and vessel patency.21 Subsequent imaging 

including CT and/or MRI of the abdomen and pelvis 
also should be considered for further evaluation of the 
liver and vessels as well as for evidence of chronic liver 
disease. Finally, neuroimaging with a head CT is recom-
mended for all patients with ALF. Although CT has low 
sensitivity for detecting early cerebral edema, it is useful 
for excluding other intracranial pathologies, such as 
intracranial hemorrhage.19

MANAGEMENT
Patients with ALF are best managed by a multidisciplinary 
care team with clinicians from hepatology and transplant 
hepatology, critical care, neurology, nephrology, and infec-
tious diseases. All patients with ALF should be discussed 
with a transplant center and transfer should be strongly 
considered, because even patients with mild hepatic enceph-
alopathy can rapidly deteriorate clinically.6 Even patients 
without hepatic encephalopathy may reasonably be brought 
to the attention of a local transplant center for guidance 
and potential transfer.

Antidotes and targeted management Immediately 
contact poison control if a patient is suspected to have 
acetaminophen-induced ALF. N-acetylcysteine (NAC), 
the recommended antidote, is available in oral and IV 
formulations that typically are administered in standard 
72-hour and 21-hour regimens, respectively. IV dosing 
of NAC usually divides 300 mg/kg over 21 hours via 
a two- or three-bag regimen, depending on the proto-
col followed. Prolonged NAC infusions and higher 
doses sometimes are used in patients with large inges-
tions or severely elevated serum acetaminophen con-
centrations.22 Additionally, fomepizole, often used as 
an antidote for toxic alcohol ingestions, has been shown 
in case reports to be safe and possibly effective as an 
adjunct to NAC.23

NAC also can be used to manage non-acetaminophen-
induced liver failure (NAI-ALF) because it acts as a free 
radical scavenger, providing oxidative benefits.24 In a 
randomized, double-blind trial of patients presenting with 
DILI, autoimmune hepatitis, hepatitis B, or indeterminate 
ALF, NAC was found to improve transplant-free survival 
in those with early NAI-ALF (hepatic encephalopathy 
grade I or II).24 Depending on the underlying cause, addi-
tional targeted interventions and treatments may be con-
sidered (Table 3). However, with the exception of NAC, 
management for many patients with ALF is primarily 
supportive.

Managing neurologic complications Management of 
elevated ICP associated with ALF includes prudent 
monitoring and both pharmacologic and nonpharmaco-
logic interventions. Severe hyperammonemia (greater 
than 150 umol/L) correlates to encephalopathy and a 
higher risk of elevated ICP.4 Neuroimaging with CT, 
although useful in evaluating for other intracranial 
pathologies, is not sensitive for early cerebral edema and 

TABLE 2. Diagnostic evaluation for ALF6,19,21

• � Initial evaluation: CBC count, CMP, PT/INR, partial 
thromboplastin time, fibrinogen, arterial blood gas analysis, 
lactic acid level, ammonia level, blood cultures, urinalysis, 
pregnancy screening

• � Toxicology: acetaminophen level, ethanol level, urine toxicology 
screen

•  �Viral serologies: hepatitis A IgM; hepatitis B surface antigen, 
core antibody, and antibody; anti-hepatitis B virus IgM; 
hepatitis C antibody and RNA; anti-hepatitis E IgM; polymerase 
chain reaction tests for herpes simplex virus DNA, 
cytomegalovirus DNA, varicella-zoster virus DNA, Epstein-Barr 
virus, and adenovirus

•  �Autoimmune markers: antinuclear antibodies, anti-smooth 
muscle antibody, serum IgG level

•  �Metabolic: urine copper, serum ceruloplasmin

•  �Imaging: right upper quadrant ultrasound with Doppler, CT or 
MRI of the abdomen and pelvis and of the head
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increased ICP. MRI is more sensitive, but often is more 
challenging to obtain.25 Consultation with neurology 
generally is warranted, especially for patients with grades 
III or IV hepatic encephalopathy. Invasive ICP monitor-
ing sometimes is considered, although it is not recom-
mended by the Society of Critical Care Medicine.6,26 
Consider noninvasive neuromonitoring, which may 
include serial bedside neurologic assessments and con-
tinuous electroencephalogram.

Standard measures for managing ICP elevation include 
assessment and management of airway, breathing, and 
circulation; head-of-bed elevation; maintaining the neck 
midline; minimizing noxious stimuli; appropriate sedation 
and analgesia; and avoiding hyponatremia.27 To further 
reduce the risk of elevated ICP, consider mild hypothermia 
and mild hypernatremia achieved via use of hypertonic 
sodium chloride solution.6 The effect of therapeutic hypo-
thermia is multifactorial because it can reduce overall 
metabolism of ammonia in addition to ammonia produc-
tion and cerebral uptake.4 For patients with refractory ICP 
elevation, consider more aggressive hyperosmolar therapy 
with additional hypertonic sodium chloride solution, 
hypothermia, deep sedation, and neuromuscular blockade.25

The ACG recommends consideration of early continu-
ous RRT (CRRT) for the management of hyperammone-
mia even in the absence of traditional indications for RRT.1

Pharmacologic interventions to reduce ammonia con-
centrations, such as lactulose and rifaximin, which com-
monly are used to treat hepatic encephalopathy in patients 
with chronic liver disease, generally are not recommended 
for patients with ALF.11

Additional management and supportive care The goal 
of initial resuscitation is to maintain adequate renal and 
cerebral perfusion. Administer crystalloids initially to attain 
a mean arterial pressure goal of 65 to 75 mm Hg, and 
escalate to vasopressor support as appropriate.6,12,28 Avoid 
hypotonic fluids because of their potential for causing 
hyponatremia and increased cerebral edema.4

Patients with ALF are at increased risk for bacterial and 
fungal infections. Although prophylactic antibiotics are 
not routinely recommended, surveillance blood cultures 
are recommended with a low threshold to initiate antimi-
crobials in patients with evidence of infection or clinical 
deterioration.6

Consider early intubation in patients presenting with 
respiratory failure, those unable to protect their airway, 
and those presenting with grade III or IV hepatic enceph-
alopathy.4,21

Enteral nutrition is preferred over parenteral nutrition 
because of its lower risk of infection, ileus, and bowel isch-
emia.29 Consider using a nasogastric tube to reduce aspiration 
risk.29 Enteral nutrition should be initiated as feasible but 
avoid excess protein, which can worsen hyperammonemia.21,29

To assess coagulopathies, viscoelastic testing, such as 
thromboelastography (TEG) and rotational thrombo-

elastometry (ROTEM), are more reliable than laboratory 
markers such as INR, platelet count, or fibrinogen level.28 
Because of the rebalanced hemostasis seen in patients 
with ALF, elevated INR or low platelet count alone 
should not preclude routine use of deep vein thrombo-
sis prophylaxis with low-molecular-weight heparin or 
unfractionated heparin in appropriate patients.6,28 If a 
patient requires correction, platelet transfusions typically 
are recommended at normal thresholds: patients with 
no signs of bleeding and fewer than 10,000 to 20,000 
cells/mm3, or patients with bleeding and fewer than 
50,000 cells/mm3.6 Generally, avoid correcting coagu-
lopathy in patients without bleeding.28 Vitamin K can 
be considered to empirically treat concurrent nutritional 
deficiency.6

Extracorporeal management Consider RRT for typical 
indications such as severe metabolic and electrolyte dis-
turbances, volume overload, and uremia. RRT has the 
added benefit of reducing ammonia concentrations, and 
the ACG recommends considering early initiation of 
CRRT specifically for this reason.1,30 A retrospective 
cohort study by Cardoso and colleagues showed that 
CRRT was associated with reduced ammonia levels and 
an improved 21-day transplant-free survival rate, although 
this was following adjustment for confounding variables.31 
CRRT is preferred over intermittent hemodialysis because 
it provides greater hemodynamic stability and often is 
introduced early.4,12

TABLE 3. Targeted management of NAI-ALF40-50

Cause Management

Viral

  Hepatitis B Entecavir or tenofovir

  Herpes simplex virus Acyclovir

  Cytomegalovirus Valganciclovir

  Adenovirus No approved treatments. Cidofovir 
may be considered.

 � Varicella-zoster virus 
(VZV)

Acyclovir with or without VZV immune 
globulin

Other

DILI Discontinue the offending agent. If 
valproic acid-induced, administer 
levocarnitine

Vascular • � Veno-occlusive (Budd-Chiari): 
anticoagulation, thrombolysis, 
angioplasty, transjugular 
intrahepatic portosystemic shunt

• � Ischemic: supportive care

Autoimmune hepatitis Corticosteroids

Hypersensitivity reaction Corticosteroids

Wilson disease Copper removal: chelating agent 
(zinc), RRT, plasma exchange, MARS
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The molecular adsorbent recirculating system (MARS) 
is a type of extracorporeal liver support in which albumin-
bound and water-soluble toxins such as bilirubin and 
ammonia can be removed. MARS use has been associated 
with improved systemic vascular resistance, which the-
oretically can contribute to reduced vasopressor require-
ments, improved perfusion, and an improvement in 
hepatic encephalopathy and ICP.32 Several studies, largely 
observational or nonrandomized, have not shown sig-
nificant survival benefit with the initiation of MARS in 
critically ill patients, and benefits should be weighed 
against the potential risks.32,33 Use in the ICU for patients 
with ALF depends on availability in and experience of 
the institution.26

Plasma exchange is recommended to treat hyperammo-
nemia in critically ill patients.26 Often used in conjunction 
with CRRT, it can remove water-soluble and albumin-
bound toxins and has been shown to improve transplant-
free survival.34 Complications associated with plasma 
exchange include hypocalcemia from citrate, hypofibrino-
genemia, transfusion reactions, and potential hemodynamic 
instability.34

TRANSPLANT
Patients with ALF, unlike patients with chronic liver 
disease, can be listed for transplant with 1A status (urgent), 
giving them the highest priority on the transplant list.6 
The King’s College Criteria for Acetaminophen Toxicity is 
the preferred model for use in predicting outcomes with 
transplantation, and it differentiates acetaminophen from 
non-acetaminophen-induced causes of ALF.6 It can be 
helpful in identifying patients who may benefit from 
consideration of a transplant and/or transfer to a transplant 
center because it has 82% to 92% specificity; however, 
it has a 68% to 69% sensitivity, so it may overlook patients 
who are more likely to have poor outcomes.35

Although many factors influence transplant-free survival, 
the most significant factor is the cause of liver injury. 
Patients with acetaminophen overdose, hepatitis A, or 
ischemic liver injury have relatively favorable prognoses, 
with transplant-free survival rates of 56% to 75%.36 Patients 
with autoimmune hepatitis have a much poorer transplant-
free survival rate of only 25%.36

In an ALF study of 1,147 patients, 44% were listed for 
transplant, 25% were transplanted, 45% recovered spon-
taneously, and 30% died.37 Posttransplant survival at 1 
year was about 70%.37

Ultimately, the decision to pursue transplantation is 
beyond the scope of this article but remains an important 
consideration as the only definitive treatment for ALF.

CONCLUSION
ALF is a life-threatening medical condition that requires 
prompt identification. After patients with ALF are 
identified, clinicians must provide early and aggressive 

resuscitation and stabilization, initiate an appropriate 
diagnostic work-up, and establish early contact with a 
local transplant center.  JAAPA
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