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Hepatic encephalopathy (HE) is a serious and progressive but potentially reversible
disorder with a wide spectrum of neuropsychiatric abnormalities and motor distur-
bances that ranges from mild alteration of cognitive and motor function to coma
and death.1 It is a challenging complication of advanced liver disease where overt
forms are estimated to occur in 30% to 45% of patients with liver cirrhosis and in
10% to 50% of patients with transjugular intrahepatic portosystemic shunts.2 Minimal
HE, which is characterized by more subtle motor and cognitive deficits, affects
approximately 20% to 60% of patients with liver disease.

Cancer patients can be at risk for liver injury and HE due to multiple factors. The
factors include preexisting liver disease, primary liver tumors, liver metastases of
extrahepatic malignancies, compromised portal or hepatic venous circulation, hepa-
totoxicity due to chemotherapy, and bone marrow transplantation.3–11

Due to differences in etiology and severity, and subtle findings in mild HE, the diag-
nosis and management of HE may be challenging for physicians. This article aims to
help with recognition and management of HE in the emergency department (ED) by
reviewing its pathogenesis, classification, diagnosis, grading, and treatment.

PATHOGENESIS

HE is a reversible metabolic encephalopathy associated with variable degrees of brain
edema. The pathogenesis is multifactorial and includes neurotoxicity of ammonia,
oxidative stress, endogenous benzodiazepine-like ligands, astrocyte swelling, g-ami-
nobutyric acid–like molecules, abnormal histamine and serotonin neurotransmission,
endogenous opioids, neurosteroids, inflammatory cytokines, and potential manga-
nese toxicity.12–14 There is convincing evidence from animal and imaging studies
about the role of ammonia and cerebral edema as major contributors to the develop-
ment of HE.15 Cerebral edema is partly due to uptake of ammonia into astrocytes,
where it is combined with intracellular glutamate to produce glutamine, which causes
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cellular swelling. In patients with acute liver failure, higher uptake of ammonia in the
brain, increased cerebral edema, and intracranial pressure (ICP) resulting in increased
mortality from cerebral herniation have been observed.16,17

The ammonia hypothesis does not fully explain the pathophysiology of HE because
there are inconsistent changes in central nervous system functions when blood
ammonia levels are increased. In contrast, HE is induced more consistently by rising
ammonia levels in the presence of inflammatory mediators.12,18 The precise mecha-
nism underlying the synergism between inflammatory mediators and ammonia
remains unclear.

CLASSIFICATION

The World Congress of Gastroenterology has proposed three main categories of HE
based on the underlying liver dysfunction (Box 1).1 Type A HE is associated with acute
liver failure and progresses rapidly to seizures, decerebrate rigidity, coma, and
frequently death. Types B and C are chronic conditions and can manifest as minimal
or overt HE. Overt HE can further be classified as episodic or persistent HE. Episodic
HE is the more common form of overt HE and presents with short periods of changes
in consciousness over hours to days. These periods are typically caused by increased
blood ammonia levels or worsening liver disease. Patients with episodic HE usually
return to a normal mental state with treatment and good supportive care. In persistent
HE, despite fluctuating levels of consciousness, patients do not return to a normal
mental state.

DIAGNOSIS OF CHRONIC HEPATIC ENCEPHALOPATHY

Minimal HE is common in patients with cirrhosis, and it is characterized by normal
neurologic findings and cognitive impairments that are detectable only by psycho-
metric tests. Patients with minimal HE suffer from impaired psychomotor speed, visual
perception, attention and concentration, slow mental processing, and memory loss.
As a result of these alterations, patients often have difficulty with social interactions
and in performing their work, leading to reduced health-related quality of life.19–22

The current definition of minimal HE is based on at least two psychometric tests. To
meet the definition of HE, the results of each test should be two standard deviations
less than normal. Despite their efficiency and sensitivity, routine use of these tests is
challenged by copyright issues, need for psychological expertise for test interpretation,
and time needed to perform them. If psychometric tests are not available and clinical
suspicion of minimal HE is high, a trial of empiric therapy with lactulose can be initiated.23

Clinical symptoms, electroencephalography, neuroimaging, and blood ammonia
testing are used for screening of patients for overt HE. It is characterized by alterations
in mental status and generalized motor disturbance. Slow, monotonous speech and
loss of fine motor skills are the hallmarks implicating the presence of overt HE. The
clinical features of overt HE are shown in Box 2.24 However, these manifestations
are not specific and can be seen in other encephalopathies as well. The detection
Box1
Classification of HE

1) Type A: HE associated with acute liver failure

2) Type B: HE associated with portosystemic bypass and no intrinsic liver disease

3) Type C: HE associated with cirrhosis and portal hypertension



Box 2
Clinical features of overt HE

1) Slow, monotonous speech pattern

2) Loss of fine motor skills

3) Extrapyramidal type movement disorders

4) Hyperreflexia, Babinski sign, clonus

5) Asterixis

6) Hyperventilation

7) Seizures

8) Confusion, coma

9) Decerebrate/decorticate posturing
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and differentiation of overt HE in cirrhotic patients has prognostic importance as these
patients should be evaluated for liver transplantation. The diagnosis of overt HE is
based on

� known or suspected liver disease and/or portosystemic shunt,
� neurologic and/or cognitive impairment found by specific testing or clinical

examination,
� exclusion of other encephalopathies,
� identification and resolution of all precipitating factors (Box 3).25

Grading of HE carries prognostic and therapeutic importance. West Haven Criteria
(Box 4) and the Glasgow Coma Scale can be used to grade the severity of HE.26,27

Neuroimaging studies are usually performed to rule out other potential causes of
encephalopathy and to demonstrate the cerebral edema. Magnetic resonance
imaging of brain is especially helpful in diagnosing HE in patients with portosystemic
shunts but no intrinsic liver disease. As a result of decreased first-pass clearance of
dietary manganese, these patients have accumulation of manganese in the basal
ganglia. The accumulation of manganese is detected as hyperintensity of the basal
ganglia on T1-weighted images and indicates significant portosystemic shunting.28

Blood ammonia levels can correlate with the severity of HE if measured appropri-
ately.29–31 The proper technique is to place the specimen on ice and perform the assay
within 30 minutes of drawing blood. Failure to do so and performing the assay on post-
prandial blood will result in artificial elevations. High ammonia levels in a comatose
patient may be due to cirrhosis, a urea cycle disorder, or seizure activity. Ammonia levels
in each stage of overt HE overlap widely; therefore, no consistent correlation exists
between venous ammonia levels and risk for cerebral edema in patients with cirrhosis.17
MANAGEMENT OF CHRONIC HEPATIC ENCEPHALOPATHY

The management of chronic HE includes exclusion of other causes of encephalop-
athy, identification and treatment of precipitating factors (see Box 3), supportive
measures such as restoring electrolyte balance, fluid maintenance, aspiration precau-
tions, and intubation for airway protection in grade 3 and 4 HE.

Based on the pathogenesis that intestinal-derived ammonia contributes to develop-
ment of HE, current treatment measures are directed at reducing bacterial production
of ammonia and enhancing its elimination.



Box 3
Precipitating factors for HE

1) Increased nitrogen load

Gastrointestinal bleeding

Excess dietary protein

Azotemia

Constipation

2) Electrolyte imbalance

Hyponatremia

Hypokalemia

Metabolic alkalosis/acidosis

Hypoxia

Hypovolemia

3) Drugs

Narcotics, tranquilizers, sedatives

4) Miscellaneous

Infection

Surgery

Superimposed acute liver disease

Progressive liver disease

Transjugular intrahepatic portosystemic shunt
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Lactulose, a nonabsorbable disaccharide, remains the mainstay treatment for HE.
Due to deficiency of specific disaccharidase, lactulose remains undigested until it
reaches the colon, where it inhibits ammonia production and traps ammonia as non-
diffusable ammonium. In the colon, lactulose is catabolized by colonic bacteria to form
short-chain fatty acids such as lactic and acetic acid. These acids lower the colonic
pH, which favors formation of insoluble ammonium from soluble ammonia, resulting
in reduced plasma ammonia concentration. In addition, lactulose causes a fourfold
increase in fecal nitrogen excretion due to its cathartic effects.32 Lactulose can be
administered orally or through a nasogastric (NG) tube (Table 1). Retention enema
is preferred in patients with grade 3 and 4 HE, patients with ascites or peritonitis,
and in those who are unable to tolerate NG. The side effects of lactulose seen after
oral or NG administration include abdominal bloating and distention, cramping, and
diarrhea.

Despite the widespread use of lactulose, evidence supporting its efficacy for the
treatment of HE is limited. A systematic review of the literature found lactulose to be
more effective than placebo in improving HE, but with no effect on mortality.33

However, when only the highest-quality studies were included, no significant effect
on improvement of HE was seen with lactulose therapy.

Alternative treatments for HE include antibiotics such as neomycin, metronidazole,
and vancomycin. The goal of antibiotic treatment is to reduce the mass of enteric



Box 4
West Haven criteria for grading hepatic encephalopathy

Grade 0

Lack of detectable changes in personality or behavior

No asterixis

Grade 1

Trivial lack of awareness, shortened attention span, sleep disturbance, and altered mood

Asterixis may be present

Grade 2

Lethargy, disorientation to time, amnesia of recent events, impaired simple computations,
inappropriate behavior, slurred speech

Asterixis is present

Grade 3

Somnolence, confusion, disorientation to place, bizarre behavior, clonus, nystagmus,
positive Babinski sign

Asterixis usually absent

Grade 4

Coma and lack of verbal, eye, and oral response
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bacteria that produce ammonia. However, controlled studies have failed to show any
difference in outcomes between patients with HE who were treated with neomycin and
those treated with placebo.34 No significant difference was found between lactulose
and neomycin, lactulose and placebo, and lactulose and neomycin-lactulose combi-
nation.35–37 The experience with metronidazole and vancomycin to date is limited to
small, uncontrolled studies. Despite poor systemic absorption when taken orally, anti-
biotics may result in serious adverse effects due to cumulative systemic absorption
after prolonged use. Chronic neomycin use is associated with ototoxicity and nephro-
toxicity, and metronidazole is associated with neurotoxicity.

Rifaximin, a semisynthetic derivative of rifamycin, has also been found to be effec-
tive in HE at a dose of 1200 mg/d (see Table 1).38,39 It is virtually nonabsorbable
(<0.4%) from the gastrointestinal tract, and no dosage adjustments are necessary in
Table 1
Dosages of medications used for hepatic encephalopathy

Lactulose (10 g/15 mL)

Oral/NG 30 mL 2–4 times a day. Titrate dose until 2–3 soft stools a day

Retention enema 300 mL lactulose 1 700 mL tap water or saline, every 4–6 h as needed

Neomycin

Oral/NG 4–12 g/d divided every 46 h

Rifaximin

Oral 1200 mg/d, divided every 8 h
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patients with liver dysfunction or renal insufficiency.40 Rifaximin was approved in the
United States in 2004 for nondysenteric traveler’s diarrhea caused by Escherichia coli
and has been given ‘‘orphan status’’ by the Food and Drug Administration for use in
the treatment of HE.

Current data suggest that rifaximin is as effective as lactulose and neomycin in the
treatment of HE and has a favorable safety and tolerability profile.41,42 In retrospective
studies, it significantly reduced the number and length of hospitalizations resulting in
lower hospitalization charges when compared with lactulose.43,44 In a study
comparing the cost-effectiveness of multiple treatment strategies in HE, including
no treatment, lactulose monotherapy, neomycin monotherapy, rifaximin monother-
apy, and rifaximin salvage (lactulose with crossover to rifaximin in lactulose-refractory
or intolerant patients), lactulose monotherapy was found to be the least expensive and
rifaximin monotherapy, the most expensive.45 The authors concluded that reserving
rifaximin for lactulose-refractory or intolerant patients may be more cost-effective.
In one randomized double-blind study, rifaximin was not found to improve mental
status better than placebo.46 Rifaximin use for HE is currently being evaluated in
a multicenter trial in the United States.

Sodium benzoate, an ammonia-reducing agent used for urea cycle defects, has
been studied as a treatment option for HE. Benzoate reduces serum ammonia levels
by increasing its urinary excretion. Sodium benzoate was found to be comparable to
lactulose in improving symptoms of HE.47 However, it was shown to cause increased
ammonia levels in some animal and human studies; therefore, its use in patients
without overt HE has not been recommended.48

Endogenous benzodiazepines have been suggested to cause neuroinhibition in
patients with HE by binding to the g-aminobutyric acid–benzodiazepine receptor
complex. Antagonism of this effect with flumazenil, a benzodiazepine receptor antag-
onist, has been proposed as possible treatment of HE. In one study, intravenous flu-
mazenil was found to be beneficial only in cirrhotic patients with severe HE.49 Thirteen
randomized, double-blind trials that compared flumazenil to placebo were evaluated
by meta-analyses. Flumazenil was found to have significant beneficial effect on short-
term improvement of HE in patients with favorable prognosis; however, it had no effect
on recovery or survival.50,51 It was concluded that until future trials reveal sustained
improvement or increased recovery or survival, flumazenil cannot be recommended
for routine clinical use.

L-ornithine-L-aspartate administration has been shown to improve ammonia detox-
ification in patients with chronic mild to moderate HE.52,53 Although promising as
a treatment option for HE, it is not available in the United States. Other treatments
with the ketoanalogs of branched chain amino acids have been investigated but
currently are not in use because of inefficacy and poor palatability. Extracorporeal
albumin dialysis has been shown to be effective in HE and may serve as a bridge to
liver transplantation.54,55

The recommended dietary protein intake for patients with a history of HE is 0.81.5 g/
kg/d. Patients with grade 3 and 4 HE often have low or no protein intake for a few days
due to an inability to ingest meals. However, they should resume protein intake as
soon as they are ready to be fed orally or enterally to avoid a catabolic state associated
with prolonged protein deprivation.56
PROGNOSIS OF CHRONIC HEPATIC ENCEPHALOPATHY

Chronic HE is almost always reversible. If it does not resolve within 72 hours of treat-
ment, an ongoing precipitating factor, another cause of encephalopathy, or
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suboptimal treatment should be considered. Patients should be evaluated for low-
grade gastrointestinal bleeding and excess dietary protein ingestion. Persistent HE
related to worsening liver function or a transjugular intrahepatic portosystemic shunt
may require chronic treatment with lactulose or nonabsorbable antibiotic. Because
of lower survival rates, episodic or persistent HE in a patient with cirrhosis is an indi-
cation for liver transplant evaluation.

HEPATIC ENCEPHALOPATHY IN ACUTE LIVER FAILURE

HE has prognostic importance in acute liver failure. Among 136 patients from the
United States Acute Liver Failure Study, 31% with mild HE either underwent liver
transplantation or died.57 Liver transplantation or death occurred in 74% of
217 patients with severe HE in the United Kingdom.58

Brain edema and intracranial hypertension (ICH) are serious consequences of
severe HE in acute liver failure. The risk of edema is very low in grade 1 and 2 HE,
but increases to 25% to 35% in grade 3 HE and to 65% to 75% or higher in grade
4 HE.59

Ammonia, infection/inflammation, and hyponatremia are the main contributors to the
development of brain edema in acute liver failure. Higher arterial ammonia levels were
found to be predictive of higher mortality and are associated with more complications
including cerebral edema, seizures, and ventilation requirement.16 Among patients with
grade 3 and 4 HE, arterial ammonia values above 200 mmol/L were found to be almost
invariably associated with cerebral uncal herniation, and levels below 150 mmol/L
appeared to be protective.60 Venous ammonia levels are less informative due to large
arteriovenous variation of ammonia in acute liver failure. When ammonia concentration
cannot be lowered with conventional treatments, continuous venovenous hemofiltra-
tion may be used to reduce arterial ammonia concentration significantly. Infection/
inflammation have been shown to be associated with development and progression
of HE in acute liver failure.61,62 Approximately 25% of patients with acute liver failure
have hyponatremia, which is more prominent in those with severe encephalopathy.16

The pathogenesis of hyponatremia in acute liver failure remains unclear, but volume
overload and vasopressin secretion are believed to be contributing factors.

In patients with acute liver failure, decerebrate posturing, pupillary changes, and
oculovestibular reflex abnormalities all indicate increased ICP. Unfortunately, the
sensitivity of imaging studies with regard to information about brain edema in acute
liver failure is low. Invasive monitoring is the most accurate tool to measure ICP;
however, intracranial bleeding in the setting of coagulopathy remains a serious
complication. The prevalence of bleeding ranges between 10% and 22%.63,64 Aggres-
sive correction of coagulation parameters, with the addition of recombinant factor
VIIa, may reduce the risk of bleeding.

MANAGEMENT OF HEPATIC ENCEPHALOPATHY IN ACUTE LIVER FAILURE

It is preferable to follow patients with acute liver failure and grade 1 HE in the intensive
care unit. However, they can also be admitted to a medicine ward with skilled nursing
care and frequent neurologic monitoring. A quiet environment is preferred to avoid
agitation.

Patients with grade 2 HE should be admitted to intensive care units. Sedation
should be avoided if possible. Small doses of short-acting benzodiazepines can be
used if needed. Head imaging is helpful to exclude other possible causes of enceph-
alopathy. Patients with grade 2 HE can be treated with lactulose to lower ammonia
levels. Data from the United States Acute Liver Failure Study Group suggest that
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lactulose use is associated with a small increase in survival but no difference in
severity of HE or overall outcome.65

Patients with grade 3 and 4 HE require intubation for airway protection. Short-acting
agents such as propofol are preferred for sedation. Identification of early cerebral
edema at this stage is important as brain perfusion must be preserved and herniation
prevented until transplantation. Clinical symptoms of elevated ICP such as hyperten-
sion, bradycardia, and irregular respiration may not be present at this stage. There-
fore, ICP monitoring devices are helpful in identifying early cerebral edema. These
devices can show elevations in ICP and reductions in cerebral perfusion pressure
(CPP). ICP should be maintained below 20 to 25 mm Hg with CPP above 50 to
60 mm Hg.66 Prolonged ICP greater than 40 mm Hg and CPP less than 50 mm Hg
have been shown to be associated with poor outcome.67 Refractory ICH and
decreased CPP are contraindications for liver transplantation.

Clinical trials have shown that control of elevated ICP improves survival.68,69

Mannitol is effective in the short term to decrease cerebral edema. It is administered
as an IV bolus of 0.5 to 1 g/kg. The dose may be repeated once or twice. Hypertonic
saline to induce hypernatremia (150 mmol/L) may be used to control ICH based on
data from patients with head injury. Two studies showed significant improvement in
ICP and CPP after hypernatremia was induced with 3% saline in pediatric patients
with head trauma and resistant ICH.70,71 Moderate hypernatremia has also been
shown to decrease ICP in patients with acute liver failure. In one study, 30% hyper-
tonic saline was given to patients with acute liver failure and grade 3 or 4 HE.72 The
infusion rate was titrated between 5 and 20 mL/h to maintain serum sodium levels
at 145 to 155 mmol/L. The authors concluded that patients with hypernatremia had
significantly lower ICP and reduced incidence of clinically significant ICH. However,
because hypertonic saline solutions are associated with very high sodium loads,
caution is advised, especially for patients with renal dysfunction. Indeed, mostpatients
in that study received continuous venovenous hemofiltration, which buffered sodium
overload.

Hyperventilation to reduce PaCO2 to 25 to 30 mm Hg may be used temporarily if ICH
cannot be controlled with mannitol or other measures in patients with acute liver
failure. However, both mannitol and hyperventilation are not recommended for routine
or prophylactic use. Although controlled trials are lacking, some centers prefer to keep
the core temperature at 36�C in those intubated for HE and at 34�C in those devel-
oping ICH.73 Patients with acute liver failure and progressive HE are considered as
potentially infected and should be started on empiric antibiotics.74 Most patients
with acute liver failure require renal replacement therapy, which is more effective in
preventing brain edema rather than treating it. Intravenous administration of N-acetyl-
cysteine has been reported to improve survival significantly in patients with acute liver
failure and mild HE.75 However, there was no impact on survival of patients with severe
HE.

Acute liver failure is a rare condition; very few controlled trials exist for its treatment,
and standards of care have not been established. The recommended management of
HE in acute liver failure, based on expert opinions and data from limited studies, is
summarized in Box 5.76
HEPATIC ENCEPHALOPATHY IN PATIENTSWITH CANCER

Patients with cancer have increased risk of acute or chronic liver injury and portal
hypertension due to multiple factors (Box 6). HE can develop either due to progression



Box 5
Management of cerebral edema and intracranial hypertension in acute liver failure

Grade 1 and 2 encephalopathy

Consider transfer to liver transplant facility

Perform head imaging to rule out other causes of alterations in mental status

Avoid stimulation

Avoid sedation if possible

Antibiotics: survey and treat infection, prophylaxis possibly helpful

Lactulose possibly helpful

Grade 2 and 3 encephalopathy

Continue management as above

Intubate trachea

Elevate head at 30�

Consider placing ICP monitoring device

Treat seizures (phenytoin)

Mannitol for severe elevation of ICP or first clinical signs of herniation

Hyperventilation may be used for impending herniation
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of the liver injury or due to therapeutic measures such as transjugular intrahepatic por-
tosystemic shunts. There might be several different presentations. First, patients with
no previous history of malignancy may present with liver dysfunction and HE, which
can be a diagnostic challenge. Second, patients with known malignancy but without
previous history of liver involvement can present with liver dysfunction and HE. Finally,
patients with known primary or secondary hepatic malignancy may present with HE as
a terminal event. In the first scenario, diagnosis of hepatic infiltration should be consid-
ered in addition to nonmalignant liver diseases. Non-Hodgkin’s lymphoma, Hodgkin’s
disease, and leukemias commonly infiltrate the liver. Colon, gastric, breast, and
small-cell carcinoma and melanoma are less common causes of hepatic infiltra-
tion.4–6,77 HE can be the initial presentation of hepatocellular carcinoma.78 In the
Box 6
Causes of liver injury in cancer patients

Primary liver tumors

Metastatic infiltration of liver

Nodular regenerative hyperplasia

Compromised hepatic or portal venous circulation

Hepatotoxicity of chemotherapeutic agents

Hepatotoxicity due to nonchemotherapeutic agents

Bone marrow transplantation

Total parenteral nutrition

Viral hepatitis

Sepsis
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second scenario, chemotherapy- or radiotherapy-induced liver failure, metastatic infil-
tration, and reactivation of underlying chronic hepatitis B should be considered.79 In
the third scenario, HE presents as a terminal event in patients with advanced cancer,
and symptoms of HE can mistakenly be attributed to cerebral metastases, drugs,
sepsis, or severe constitutional disease.

HE can be encountered after transjugular intrahepatic portosystemic shunt place-
ment to control complications of portal hypertension in patients with hepatic or extra-
hepatic malignancies.80,81 HE has also been reported to occur in patients with portal
venous thrombosis and transtumoral portosystemic shunting.9,10

Various chemotherapeutic agents can cause acute or chronic liver injury leading to
HE. There are case reports of fulminant liver injury with gemcitabine and paclitaxel.7,82

Dacarbazine, 6-thioguanine, actinomycin D, busulfan, and cyclophosphamide have
been reported to cause venoocclusive disease, whereas methotrexate has been asso-
ciated with fibrosis/cirrhosis.82

Multiple factors may be associated with liver injury and resultant HE in patients with
cancer. These patients are also at risk to develop encephalopathy due to other causes
such as cerebral metastases, sepsis, drugs, Wernicke encephalopathy, and hyperten-
sive encephalopathy. Hyperammonemic encephalopathy due to ornithine transcarba-
moylase deficiency has been reported in a young patient receiving chemotherapy for
hepatocellular carcinoma.83

The treatment of HE in cancer patients involves treatment of the primary etiologic
factor in addition to the measures to treat HE itself. Although liver injury can occasion-
ally be reversed with appropriate chemotherapy, the prognosis remains dismal if the
liver failure is the result of loss of critical mass of hepatocytes due to replacement
with malignant cells.
SUMMARY

HE is a common and serious complication of chronic or acute liver failure. Identifica-
tion and correction of precipitating factors remain the cornerstone of treatment, and
morbidity and mortality can be decreased by timely intervention. The diagnosis and
management of HE in ED can be challenging and requires arrangement of care in
experienced centers with interaction between ED physicians, hepatologists, and
surgeons. HE in cancer patients is multifactorial and requires specific treatment for
HE as well as management of the underlying etiology.
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