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Acute Liver Failure

Amar Gupta and Chad G. Ball

 Definition

The term “acute liver failure” (ALF) describes the clinical 
consequence of a sudden injury to the liver, resulting in mas-
sive hepatocyte dysfunction and/or necrosis. Clinical hall-
marks of ALF include liver dysfunction as measured by 
biochemical values, coagulopathy, encephalopathy, and 
multi-organ dysfunction (Table 24.1) [1]. More recent defini-
tions employ the time interval between the development of 
jaundice and encephalopathy to further stratify this disease 
entity into hyperacute, acute, and subacute phenotypes 
(Table 24.2) [2–4]. Typically, hyperacute and acute cases 
(which occur secondary to viral infection or acetaminophen 
toxicity) have improved outcomes when compared to sub-
acute scenarios [5]. Although many causes of ALF may also 
be implicated in chronic liver disease and subsequent cirrho-
sis, the patient must be free of chronic liver dysfunction to 
cinch the diagnosis of ALF.

 Causes

 Viral

Infection with hepatitis A, B, and E viruses (HAV, HBV, and 
HEV, respectively) is the most common causes of both ALF 
and liver transplantation in developing countries. ALF sec-
ondary to viral hepatitis is much less predominant in the 
Western world as a result of vaccination and modern sanita-
tion. Transmission of HAV and HEV occurs via a fecal-oral 
route, while HBV is transmitted through exposure to con-
taminated blood and bodily fluids [6, 7]. ALF secondary to 
HAV and HEV infections usually follows a hyperacute time-

line [8, 9]. Acute infection with HBV results in ALF in less 
than 4% of patients; however, outcomes are inferior to cases 
caused by HAV and HEV [1]. Furthermore, reactivation of 
subclinical HBV infection, often seen in cases of immuno-
suppression, results in especially high mortality [1, 5]. 
Identification of these at-risk patients and viral prophylaxis 
is recommended for this population [10–12]. Although much 
less common, ALF secondary to viral infection with Herpes 
simplex virus (HSV), parvovirus, Cytomegalovirus (CMV), 
Epstein-Barr virus, and varicella zoster virus has been well 
documented [13].

 Drug-Induced

The most common cause of ALF in the Western world is 
drug-induced liver injury, with acetaminophen as the most 
frequent culprit drug [14, 15]. ALF secondary to acetamino-
phen toxicity tends to be hyperacute, with rapid progression 
to multi-organ failure [16]. Acetaminophen toxicity occurs 
in dose-dependent fashion, requiring massive doses (15–
20 g). As a result, ALF secondary to acetaminophen is often 
the result of a suicide attempt, although indeliberate toxicity 
is also seen, especially in patients with underlying liver dis-
ease. Even in patients utilizing medications known as hepa-
totoxins, ALF due to drugs other than acetaminophen is rare 
and often a diagnosis of exclusion.

 Post-hepatectomy

Post-hepatectomy liver failure (PHLF) is a well-established 
cause of ALF and is the result of inadequate liver remnant 
function following major hepatectomy. It is widely accepted 
that a future liver remnant of at least 25% is required to avoid 
PHLF in healthy patients [17]. This number rises to 40% in 
patients with underlying liver disease or with prior extensive 
chemotherapy exposure [18]. Strategies) to mitigate this risk 
include associating liver partition and portal vein ligation for 
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staged hepatectomy (ALPPS) [19], percutaneous portal vein 
embolization (PVE) [20], parenchymal-sparing resections, 
and two-stage hepatectomies. Several clinical indices have 
been developed in an attempt to predict PHLF. The 50–50 
criterion employs prothrombin time <50% and total bilirubin 
>50 umol/L on postoperative day 5 as an indicator of PHLF 
[21]. The International Study Group of Liver Surgery 
adopted a more generalized definition of PHLF describing 
increasing INR and serum bilirubin above locally accepted 
cutoff values on or after postoperative day 5 [22]. The model 
for end-stage liver disease (MELD) has also been used to try 
and anticipate PHLF with promising predictive sensitivity 
[23]. Despite these multiple indices for identifying patients 
at risk for PHLF, treatment options still remain limited.

 Other Causes

Acute liver injury as the result of profound ischemia is an impor-
tant condition often seen in critically ill surgical patients. 
Hypoxic hepatitis may progress to ALF if the magnitude of 
hepatocellular necrosis is severe enough [24]. Wilson’s disease, 

Budd-Chiari syndrome, autoimmune hepatitis, and toxic 
 mushroom ingestion remain quite rare causes of ALF. A signifi-
cant number of ALF have no identifiable cause and remain a 
diagnostic challenge [5].

 Management

Patients suspected of having ALF should be managed in 
an intensive care setting, ideally under the multidisci-
plinary care of intensivists, liver surgeons, and hepatolo-
gists. The expansive role that the liver plays in maintaining 
homeostasis is evident in patients with ALF as a wide 
variety of organ systems are affected. A thorough knowl-
edge of the secondary complications associated with ALF 
will allow the intensivist to identify and treat potential 
life-threatening conditions early. These are summarized 
in Table 24.1.

 Neurologic

The development of encephalopathy is central to the 
 diagnosis of ALF and is often associated with cerebral 
edema in hyperacute cases. Although the pathogenesis of 
cerebral edema and encephalopathy is incompletely under-
stood, impaired ammonia detoxification clearly plays an 
important part. In patients with grades 3–4 encephalopathy, 
ammonia levels >120 umol/L on admission have been 
shown to be associated with higher rates of mortality [25]. 
Pharmacologic treatments used for elevated ammonia in 
chronic liver disease are not generally recommended in 
ALF [26]. Cerebral edema and elevated intracranial pres-
sure (ICP) are the leading cause of death from ALF and thus 
must be a central focus for the treating physician. Steps to 
prevent or decrease cerebral edema should include correc-
tion of hyponatremia, avoiding hypoxia and hypercapnia 
often requiring endotracheal intubation in cases of severe 
hepatic encephalopathy, and pharmacologic sedation. 
Severe cerebral edema may lead to life-threatening eleva-
tions in ICP. Elevated ICP may be diagnosed with CT, MRI, 
and transcranial Doppler when combined with clinical find-
ings [26]. Patients with severe hepatic encephalopathy 
(grades 3–4) can also be considered for direct ICP monitor-
ing to guide and assess response to therapy as persistently 
elevated ICP and decreased cerebral perfusion pressure 
(CPP) result in poor outcomes following liver transplanta-
tion [27]. A randomized, controlled trial (RCT) evaluating 
the effect of hypertonic saline on intracranial hypertension 
demonstrated a reduced incidence and severity of elevated 
ICP when hypertonic saline was administered to patients 
with grades 3–4 encephalopathy due to ALF [28]. Some 
animal studies and clinical studies have shown promising 

Table 24.1 Clinical manifestations of organ system dysfunction sec-
ondary to acute liver failure

Organ system Clinical features

Neurologic Hepatic encephalopathy
Cerebral edema
Intracranial hypertension

Cardiovascular Hypotension

Respiratory Late respiratory failure

Coagulation Impaired procoagulant and anticoagulant 
pathways

Renal Acute kidney injury

Metabolic Hypoglycemia
Increased metabolic demand

Immunologic Functional immunosuppression

Table 24.2 Classification of acute liver failure based on time from 
jaundice to encephalopathy

Time from jaundice to encephalopathy

O’Grady system

Hyperacute 0–1 week

Acute 1–4 weeks

Subacute 4–12 weeks

Bernuau system

Fulminant 0–2 weeks

Subfulminant 2–12 weeks

Japanese system

Fulminant

  Acute 0–10 days

  Subacute 10 days–8 weeks

Late-onset 8–24 weeks
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results for mild hypothermia to prevent intracranial 
 hypertension in ALF [29]. However, a  multicentered RCT 
in ALF patients with high-grade hepatic encephalopathy 
failed to demonstrate neither any reduction of intracranial 
hypertension as measured by direct ICP monitoring nor any 
reduction in mortality [30]. Thus, it cannot be recommended 
to induce hypothermia in ALF patients, even in cases of sus-
pected intracranial hypertension.

 Cardiovascular

Cardiovascular derangements are frequent in ALF and are 
often multifactorial in origin. Initial management does not 
differ from standard critical care algorithms. Intravascular 
volume is restored using isotonic crystalloids. Pulse pressure 
variation has been shown to be an effective modality at 
assessing fluid responsiveness in ALF patients [31]. If hypo-
tension persists despite adequate fluid resuscitation, vaso-
pressors may be required to maintain adequate mean arterial 
pressure (MAP). In patients with intracranial hypertension, 
vasopressors may be required to maintain a MAP allowing 
for CPP >60 mm Hg. Patients with refractory hypotension 
may have relative adrenal insufficiency and may benefit from 
hydrocortisone replacement therapy [32].

 Respiratory

Respiratory dysfunction is uncommon in the early stages 
of ALF. Despite this, endotracheal intubation is often 
required given the severity of hepatic encephalopathy in 
these critically ill patients [5]. Furthermore, ventilator 
manipulation allows for deep sedation as well the preven-
tion of hypercapnia, which is a vital maneuver in prevent-
ing cerebral edema and intracranial hypertension as 
discussed above.

 Coagulopathy

Elevated INR is a hallmark of ALF, and as such, many 
patients are aggressively transfused with fresh frozen 
plasma, vitamin K, and other coagulation factors. There is 
a paucity of data to support correction of laboratory mark-
ers of coagulation in ALF patients without evidence of 
active bleeding. Furthermore, it should be noted that the 
synthesis of anticoagulant factors produced in the liver is 
also impaired in ALF. As a result, the true coagulation pro-
file of the patient may be closer to equilibrium than labora-
tory values suggest [33, 34]. As a result, in the absence of 
active bleeding, transfusion of coagulation factors should 
be avoided.

 Renal

Renal dysfunction is observed in the majority of patients 
with ALF and is thought to be the result of a general sys-
temic inflammatory response [35]. Renal replacement 
therapy is often required in the ALF patient to maintain 
fluid balance, prevent acid-base disturbances, and help to 
clear serum ammonia. Continuous renal replacement 
therapy is the preferred modality of intermittent hemodi-
alysis as it provides greater hemodynamic stability [36] 
and can provide effective ammonia clearance [37]. The 
renal dysfunction identified with ALF is usually self-lim-
iting and in most cases resolves once liver function has 
been reestablished (either through regeneration or trans-
plantation) [38, 39].

 Metabolic

Metabolic derangements in ALF are multifactorial and 
require attention and prompt correction to ensure favorable 
clinical outcomes. Impaired hepatic glucose regulation, 
along with increased metabolic demands, often results in 
profound hypoglycemia. Infusion of high-concentration 
intravenous dextrose is often required to maintain adequate 
blood glucose levels [40]. Patients with severe hepatic 
encephalopathy will require nasoenteric feeding access to 
deliver nutrition, while parenteral should be avoided. Caloric 
and protein goals are 25–40 kcal/kg/day and 0.8–1.2 g/kg/
day, respectively, to prevent protein catabolism and preserve 
immune function [5, 40]. Protein restriction should be 
avoided in the absence of worsening hyperammonemia 
attributed to protein intake [41].

 Infectious

Patients with ALF are felt to be at higher risk of systemic 
infection secondary to functional immunosuppression [5], 
and as a result, the majority of centers caring for ALF 
patients administer prophylactic antibiotics [42]. The US 
Acute Liver Failure Study Group identified systemic 
infection as a significantly contributor to hepatic encepha-
lopathy exacerbation [43]. However, the same group 
recently demonstrated no significant reduction in blood-
stream infection or 21-day mortality with the use of pro-
phylactic antibiotics in ALF [44]. Given the paucity of 
reliable data given in the antibiotic use and ALF, we 
reserve antibiotic administration to patients with positive 
admission or surveillance cultures and clinical manifesta-
tions of infection such as fever or worsening leukocytosis, 
grades 3–4 encephalopathy, actively listed for liver 
transplantation.
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 Disease-Specific

When the etiology of ALF is identifiable, cause-specific 
interventions may be of benefit, although robust RCT data 
for many of the following treatments is not available. The 
most widely studied disease-specific treatment is the admin-
istration of N-acetylcysteine (NAC). Intravenous NAC has 
been shown to decrease overall mortality in ALF caused by 
acetaminophen toxicity [45]. Furthermore, NAC administra-
tion early in the course of non-acetaminophen ALF provided 
a transplant-free survival benefits in patients with grades 1–2 
hepatic encephalopathy [46]. As a result, NAC should be 
administered early in acetaminophen-induced ALF and in 
non-acetaminophen cases of ALF with grades 1–2 hepatic 
encephalopathy.

Lamivudine administration may improve HBV-associated 
ALF outcomes [47–49] although RCT data is scarce. 
Similarly, acyclovir and ganciclovir have been used as treat-
ment adjuncts in HSV and CMV causes of ALF, respectively, 
although no reliable data exists. Autoimmune ALF has been 
treated with steroid administration in some centers, although 
there is no literature demonstrating improved outcomes. In 
fact, some authors have suggested infectious complications 
which may be exacerbated with steroid administration [50].

 Liver Transplantation

All patients suspected of ALF should be evaluated early for 
liver transplantation. The decision to proceed with liver 
transplantation for ALF is a difficult one, as liver grafts are 
in considerably short supply. Thus, identifying which 
patients will regain adequate hepatic reserve, and which will 
not, is of paramount importance to ensure efficient usage of 
such a valuable resource. The King’s College Criteria were 
developed as a predictive tool to identify patients at risk for 
high mortality without urgent liver transplantation. They 
include patients with acetaminophen-induced ALF who have 
either an arterial pH < 7.30 after adequate volume resuscita-
tion or an INR >6.5 and serum creatinine >3.4 mg/dL with 
grades 3–4 encephalopathy. Patients with non- acetaminophen 
ALF must demonstrate either an INR >6.5 or any 3 of age 
<10 or >40, INR >3.5, bilirubin >17.6 mg/dL, encephalopa-
thy developing 7 or more days after jaundice, and etiology 
other than HAV/HBV hepatitis (Table 24.3) [51]. The MELD 
score uses serum bilirubin, INR, serum creatinine, and the 
need for renal replacement therapy to develop a predictive 
score. A MELD score above 30 is widely accepted as criteria 
to pursue liver transplantation. Furthermore, the MELD 
score has been suggested as being a superior predictive tool 
when compared to the King’s College Criteria [52].

Live-donor liver transplant (LDLT) has been suggested as a 
potential solution to the shortage of deceased-donor liver 

grafts. Unfortunately, due to the rigorous preoperative workup, 
potential danger to the donor, and technically demanding 
nature of LDLT, few centers have pursued this modality for 
ALF. Those specialized centers that have reported LDLT for 
ALF have enjoyed favorable results however [53–56].

 Liver Support Systems

Although still not in wide clinical use, liver support systems 
(LSS) offer an appealing possibility of short-term stabiliza-
tion of ALF patients when liver transplantation is not avail-
able or contraindicated [57].

Albumin dialysis systems remove albumin-bound mole-
cules as well as water-soluble substances and are the most 
studied systems. The molecular adsorbent reticulating sys-
tem (MARS) plus standard medical treatment was evaluated 
in an RCT versus standard medical therapy alone and was 
found to impart no survival benefit in ALF patients [58]. The 
Prometheus system has shown no significant survival benefit 
in patients with acute-on-chronic liver failure and has yet to 
be evaluated by an RCT [59].

High-volume plasma (HVP) exchange involves 8–12 L of 
plasma with fresh frozen plasma daily [57]. A multicenter 
RCT comparing HVP plus standard medical treatment to 
standard medical therapy alone demonstrated a significant 
survival advantage in the HVP group [60]. Importantly, this 
studies recruitment period was 13 years, during which period 
critical care of ALF has markedly improved. To this day, 
HVP is not routinely employed for ALF.

The HepatAssist system filters patient plasma through a 
small pore membrane where it comes in contact with cul-
tured porcine hepatocytes before being returned to the 
patient. A recent RCT of HepatAssist plus standard medical 
treatment versus standard medical treatment alone 

Table 24.3 King’s College Criteria for identification of acute liver 
failure patients requiring transplantation

Acetaminophen ALF

Arterial pH <7.3 after adequate fluid resuscitation

  Or all of the following:

INR >6.5

Serum creatinine >3.4 mg/dL

Grades 3–4 encephalopathy

Non-acetaminophen ALF

INR >6.5

  Or any 3 of the following:

Age <10 or >40

INR >3.5

Bilirubin >17.6 mg/dL

Encephalopathy developing 7 or more days after jaundice

Etiology other than HAV/HBV hepatitis
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 demonstrated no 30-day survival advantage in patients with 
ALF or primary non-function (PNF) following liver trans-
plantation. This study initially included all patients, even 
those treated with liver transplantation within the 30-day 
study period. When the patients undergoing liver transplant 
and the PNF patients were controlled for, the HepatAssist 
group has a significant survival advantage over the control 
group [61]. Despite these results, the HepatAssist has yet to 
be used outside of an experimental setting.
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