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Structured approach to treat patients with acute liver
failure: A hepatic emergency

Ramesh Kumar, Vikram Bhatia

Abstract

Acute liver failure (ALF) is a condition of acute hepatic emergency where rapid
deterioration of hepatocyte function leads to hepatic encephalopathy, coagulopathy,
cerebral edema (CE), infection and multi-organ dysfunction syndrome resulting in a high
mortality rate. Urgent liver transplantation is the standard of care for most of these
patients in Western countries. However, in India, access to liver transplantation is severely
limited and, hence, the management is largely based on intensive medical care.With earlier
recognition of disease, better understanding of pathophysiology and improved intensive
care, ALF patients have shown a significant improvement in spontaneous survival. An
evidence base for practice for supportive care is still lacking; however, intensive organ
support as well as control of infection and CE are likely to be key to the successful outcome
in this acute and potentially reversible condition without any sequel. A structured approach
to decision making about intensive care is important in each case. Unlike in Western
countries where acetamenophen is the most common cause of ALF, the role of a specific
agent, such as N-acetylcysteine, is limited in India. Ammonia-lowering therapy is still in an
evolving phase.The current review highlights the important medical management issues in
patients with ALF in general as well as the management of major complications associated
with ALF. We performed a MEDLINE search using combinations of the key words such as
acute liver failure, intensive treatment of acute liver failure and fulminant hepatic failure.
We reviewed the relevant publications with regard to intensive care of patients with ALF.
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Introduction

Acute liver failure (ALF) is a condition with rapid
deterioration of hepatocyte function resulting in hepatic
encephalopathy (HE) and/or coagulopathy in patients
with previously normal liver.! This is a devastating
syndrome, which results in death or the need for liver
transplantation in over 50% of the cases. Urgent liver
transplantation has become standard of care for most
ALF patients in Western countries where ALF survival
rates have shown progressive and substantial improve-
ment, with 1-year survival exceeding 80%.1>* How-
ever, in India, access to liver transplantation and other
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extracorporeal liver-assist devices is severely limited
and, hence, the management is largely supportive. For-
tunately, the spontaneous survival of ALF patients has
increased over the last 20 years because of earlier disease
recognition, better understanding of pathophysiology
of various insults and improved intensive care manage-
ment.’* Indeed, ALF is an acute event and a potentially
reversible condition, where survivors recover completely
without any sequel. Therefore, if the individual can be
supported properly throughout the acute event, recov-
ery will follow the rapid regeneration of hepatocytes. A
structured approach to decision making about intensive
critical care is important for achieving a good outcome in
ALF. The current review highlights the important issues
in the management of patients with ALF at centers where
a liver transplantation facility is not available.

We performed a MEDLINE search using combinations
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of key words such as acute liver failure, intensive
treatment and fulminant hepatic failure. Between
1975 and 2011, the search yielded over 700 citations.
In an attempt to provide a review of comprehensive
medical management of patients with ALF, we selected
52 relevant publications with some important cross-
references from the list of publications.

Farly evaluation

Each patient should be managed in an intensive
care unit. Early evaluation should include obtaining
a detailed history and assessment of patient’s mental
status, liver size and presence or absence of ascites
and stigmata of chronic liver disease. Initial laboratory
investigations must be extensive in order to evaluate the
etiology, disease severity and complications. It should
include complete blood count, liver function tests, INR,
glucose, creatinine, urea, sodium, potassium, chloride,
bicarbonate, calcium, magnesium, phosphate, arterial
blood gas, lactate, arterial ammonia, chest X-ray, cultures
of blood and urine, bedside ultrasonography, viral
markers, autoimmune markers, serum ceruloplasmin
and pregnancy test (female). Subsequently, daily
microbiological surveillance and frequent monitoring
of neurological status, hemodynamic parameters, serum
electrolytes, urea, creatinine, blood sugar, blood gas and
INR should be done.

General measures in management

In general, ALF patients should be kept in a quiet
environment with limited stimulus. We should avoid
sudden change in position, head rotation, head flexion
and heavy chest physiotherapy. Even prophylactic
intravenous lidocaine has been suggested before an
endotracheal suctioning.’! With the aim of avoiding
compromise of jugular venous drainage and to improve
cerebrospinal fluid drainage, the head should be in a
neutral position with the head end of the bed elevated
to 30 degrees.[*”l During elevation of the head of the
bed, the mean arterial pressure (MAP) should be
maintained to ensure a good cerebral perfusion.® Fever
exacerbates intracranial hypertension;”! therefore, it
should be promptly controlled by cooling. It is better
to avoid nonsteroidal antiinflammatory drugs and
acetaminophen in ALF patients. Shivering, which may
also increase intracranial pressure (ICP), should be
treated with increased sedation. Furthermore, any drugs
with hepatotoxic potential, such as antituberculosis
drugs, should be discontinued.

Specific treatments based on the etiology of ALF
In Western countries, acetamenophen is the most common
cause of ALF where a specific agent, N-acetylcysteine

(NAC), has a proven benefit."""! Doses for intravenous
NAC administration vary according to the protocol; one
suggested schedule includes 150 mg/kg IV in 250 mL of
5% dextrose in water (D5W) over 1 h, followed by 50 mg/
kg in 500 mL of D5W over 4 h, 125 mg/kg in 1000 mL of
D5W over 19 h and 150 mg/kg in 1000 mL of DSW over 24
h for an additional 48 h (72 h total). In nonacetaminophen
ALF, benefit of NAC is small and is limited only to
patients with early HE (grades I-II).l Therefore, an early
attempt to identify an etiology may not be important in
India, where ALF is mostly due to hepatotrophic viruses,
the most common being hepatitis E virus.'®! Except for
hepatitis B-induced ALF, where lamivudine has been
suggested to cause improvement in survival compared
with historical control subjects, specific therapy for
other viruses is largely unavailable. A small retrospective
series of patients with autoimmune hepatitis presenting
as ALF found no improvement in outcomes with the
administration of corticosteroids.”® For women with
acute fatty liver of pregnancy or the hemolysis-elevated
liver enzymes-low platelet syndrome, a prompt delivery
of the fetus is required to reverse ALF.['l However, data
is insufficient to recommend any specific therapies for
pregnant women with ALF due to other etiologies.

Decision on endotracheal intubation and mechanical
ventilation
The usual indications for endotracheal intubation in ALF

patients include respiratory failure, advanced HE (grade I11
or more) and severe agitation. Intubation should be done

under appropriate sedation in order to prevent transient
rise in ICP. There are insufficient data to recommend a
standard ventilation strategy for ALF patients. In patients

with acute lung injury, tidal volume and plateau pressure
should be limited to 6 mL/kg predicted body weight and

<30 cm H,O, respectively.l'”l Because the decrements in
tidal volume increase Pco,, which thereby increases ICP,

the respiratory rate must be increased to maintain a stable

Pco,. Also, the lowest level of positive end-expiratory

pressure (PEEP) that achieves adequate oxygenation
should be applied in such patients because high levels of
PEEP may also increase ICP." Acute hyperventilation
is recommended only as emergency rescue therapy

of patients with evidence of brain herniation, because

hypocapnia-induced cerebral vasoconstriction decreases

ICP.®I However, prophylactic hyperventilation is not
recommended because such vasoconstriction can also

reduce cerebral oxygen utilization,” and had no effect on
the development of cerebral edema (CE) in one study.*!!

Blood sugar and nutritional management
ALF patients are prone to hypoglycemia; therefore,
monitoring for blood glucose should be performed at
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frequent intervals (e.g., every 1-2 h) and intravenous
glucose infusion (1.5-2.0 g/kg/day) should be used
in patients who develop hypoglycemia. Marked
hyperglycemia should be avoided, as this may impair
control of ICP.?2 ALF patients are catabolic and, hence,
adequate nutritional supplementation is needed.*?!
No study exists to guide nutritional therapy in ALF
patients.[*>? Enteral nutrition should be preferred
whenever possible. The feeds should be of dense
caloric value to avoid hypoosmolality, which may
exacerbate CE. Lipid emulsions appear to be safe in ALF
patients.*! Caloric goals for patients who have ALF
should be approximately 25-30 kcal/kg/day. Protein
intake of approximately 1 g/kg/day does not appear to
worsen hyperammonemia. Excess glutamine should be
avoided given the role of glutamine in the production
of ammonia.

Management of fluids, electrolytes and renal failure
Volume resuscitation is an important aspect of
initial management in ALF patients. It is important
to establish whether the ALF patient is euvolemic. At
presentation, most ALF patients have varying degrees
of intravascular volume depletion, which may lead
to renal insufficiency. Therefore, an intravenous fluid
challenge (crystalloid and colloid; 1-1.5 L) should be
given to exclude prerenal azotemia. A large volume of
glucose-containing solutions should be avoided. The
volume resuscitation is best done judiciously to prevent
problems associated with excess fluid administration,
such as increased brain edema, herniation and death.
It should be noted that measurement of central venous
pressure only poorly reflects intravascular volume.
Electrolyte imbalance of all types can accompany ALF,
especially when complicated by renal dysfunction, and
may be particularly deleterious. Hyponatremia should be
strictly avoided, because it may exacerbate CE.””] Other
electrolyte concentrations (magnesium, phosphate,
bicarbonate) should be kept within the normal range.

There are insufficient data to recommend when to
start or discontinue renal replacement therapy (RRT)
in patients with ALF. In patients with worsening renal
function or acidosis, RRT should be started to avoid
volume overload and to control acid-base-electrolyte
balance. Patients with ALF poorly tolerate intermittent
hemodialysis because of hemodynamic instability, fluid
shifts and risk of increase in ICP.®I Therefore, we should
prefer continuous RRT®! even in hemodynamically
stable patients.B

Decision on vasopressor therapy
There are considerable alterations in systemic

hemodynamic parameters in ALF patients. Early
hemodynamic changes include increased portal pressure,
splanchnic sequestration of blood and decreased central
venous return.P!! This hemodynamic picture in ALF
closely mimics septic shock, and is marked by a state of
high cardiac output with decreased systemic vascular
resistance.”? The assessment and correction of volume
status is important in the management of hypotension
in ALF patients. Vasopressors are recommended for
systemic hypotension to maintain a MAP >60 mmHg to
ensure an acceptable cerebral perfusion. Norepinephrine
is preferred over dopamine because it provides a
more consistent and predictable increase in cerebral
perfusion than dopamine.® Epinephrine should not be
used because of its propensity to decrease mesenteric
blood flow, which may compromise hepatic blood flow
in patients with ALF.B? Vasopressin is also avoided
because it causes cerebral vasodilation."! A trial of
hydrocortisone may be considered in patients with
persistent hypotension despite a volume challenge and
norepinephrine. More recently, however, in another
small study, terlipressin appeared to increase cerebral
perfusion in ALF patients.F!

Antibiotic prophylaxis and treatment

Infection, which may be subtle in clinical presentation,
remains one of the major causes of mortality in ALF
patients.’” Prophylactic antibiotics have not been shown
to improve outcome in such patients, although these
studies may not be adequately powered to definitively
preclude the benefit.*®! Antibiotics should strongly be
recommended in the presence of positive surveillance
cultures, worsening encephalopathy, hemodynamic
instability or systemic inflammatory response
syndrome.”##I Careful daily surveillance for infection
is needed in all patients, and the threshold for treatment
should be low. The common sites of infection are the
lung, urinary tract and blood.”* The most frequently
identified organisms in Indian series of ALF patients
are gram negative bacilli, followed by gram positive
bacterial and fungal infections.*!] The selection of
empirical antibiotics must take into account the need to
cover a broad spectrum of microorganisms. In general,
third-generation cephalosporin drugs are recommended.
When line infection is suspected, vancomycin should
be started pending results of cultures. An antifungal
agent should be added any patient without prompt
improvement in signs of infection after institution of
antibiotics.

Management of CF
The management of CE remains a difficult task to
date. CE is one of the major causes of morbidity and
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mortality in ALF patients.*” When invasive monitoring
is available, the ICP should be maintained below 25
mmHg. A sustained ICP >40 mmHg or cerebral perfusion
pressure (CPP) <40 mmHg for over 2 h is associated with
brainstem herniation.*! Antiedema therapies should
be considered when there is a clinical evidence of CE
or when ICP exceeds 25 mmHg. A vasopressor may be
required to elevate MAP to ensure CPP between >50 and
60 mmHg ™! Although invasive ICP monitoring remains
the only objective gold standard for measuring and
monitoring ICP, the placement of an ICP monitor is still
controversial because of insufficient data to recommend
it, risk of bleeding complications and no survival
advantage shown in a nonrandomized study.*>*1Despite
lack of consensus, many centers place ICP monitors in
patients with advanced encephalopathy, wherein the ICP
monitor also provides prognostic information regarding
neurologic recovery after liver transplantation.

Administration of intravenous mannitol is the
recommended first-line therapy for CE. Mannitol should
be administered as repeated 0.25-1.0 g/kg intravenous
boluses, provided serial serum osmolality remains <320
mOsm/L.#41 The lower doses of mannitol (0.25-0.5
g/kg) may be as effective as the higher doses (1.0 g/
kg). However, mannitol is not effective in patients
with a very high ICP (>60 mmHg)," and it cannot be
used once patients develop significant renal injury.
The standard therapy of CE-refractory mannitol is not
known. Hypertonic saline boluses have been found to
have similar or even superior efficacy to mannitol.?"%!
Many preparations and doses have been used to treat
CE, including 23.4% saline (30 mL) and 7.5% saline (2.0
mL/kg) boluses repeated every 2-3 h. Hypertonic saline
can also be used as a prophylactic measure with a goal
of achieving sodium of 145-155 mEq/L."!

Although not universally accepted, induced moderate
hypothermia (32-33°C) may decrease ICP in ALF
patients.’ However, hypothermia is also associated
with increased risk of arrhythmia, infection, bleeding,
electrolyte imbalance, hyperglycemia and alteration
in drug metabolism.?! Pentobarbital (3-5 mg/kg
intravenous loading bolus followed by 1-3 mg/kg/h
intravenous infusion) may also be tried in refractory
cases.’ However, it has the potential to cause severe
adverse effects, including hypotension, hypothermia,
immunosuppression, hypokalemia and prolonged
coma. Further, its benefit is unclear if the patient is
already in stage 4 encephalopathy. Indomethacin (25
mg intravenously over 1 min) has also been shown
to decrease ICP and, thus, may be considered as
salvage therapy.’” CE in ALF has not been shown to

improve with steroidP®; therefore, steroids are not
recommended. Hyperammonemia in ALF contributes
to the pathogenesis of CE.F’ Currently, there are
insufficient data to recommend the use of lactulose
or nonabsorbable antibiotics as ammonia-lowering
therapy in patients with ALF. Furthermore, lactulose
may increase gaseous distention of the bowel, risk of
aspiration and may, rarely, precipitate megacolon.[l A
recent large study on human ALF patients revealed that
L-ornithine L-aspartate is ineffective in lowering arterial
ammonia or improving survival.®!l The failure is likely
because of regeneration of ammonia from glutamine and,
therefore, combining phenylacetate with L-ornithine
may overcome this problem because glutamine would
be trapped as phenylacetylglutamine, which is excreted.
The efficacy of L-ornithine and phenylacetate has been
confirmed in pig ALF.®

Avoid pain and agitation

Painand agitation may increase intracranial hypertension
in patients with ALF.[®®I Therefore, adequate analgesia
and cautious sedation is required, especially in
patients with advanced hepatic encephalopathy and
before any invasive procedure. For sedation, propofol
should be preferred over benzodiazepines because
of shorter recovery time, which may allow early and
more reliable neurologic examination.[! In addition,
propofol decreases cerebral blood flow and lowers
ICP.I* However, both these sedatives can increase
y-aminobutyric acid-ergic neurotransmission and,
therefore, may exacerbate hepatic encephalopathy. !
For analgesia, agents with a shorter half-life, such as
fentanyl, are preferred over morphine and meperidine.

Seizure prophylaxis

Nonconvulsive seizure activity has been documented
in a high proportion of patients with ALF with advanced
HE.[®IHowever, there are insufficient data to recommend
prophylactic anticonvulsants in all patients with ALF
because two studies using prophylactic phenytoin have
come up with conflicting results.[®7Tt should be noted
that propofol or benzodiazepine used for sedation also
provide potent antiseizure prophylaxis.

Management of coagulopathy

ALF patients are severely coagulopathic; however,
spontaneous and clinically significant bleeding is
uncommon.”" Prophylactic fresh frozen plasma
(FFP) does not reduce the risk of significant bleeding;
rather, it may increase the risks of volume overload
and may obscure the trend of prothrombin time as a
prognostic marker. Therefore, the routine correction
of coagulopathy and thrombocytopenia is not required.
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Table I: Summary of medical management strategy in patients with acute liver failure

Place of treatment Intensive care unit

Patient’s position
Avoid:
Sudden change in position
Head rotation
Head flexion
Heavy chest physiotherapy

Frequent endotracheal suctioning

Specific agents

Prop-up 30 degree with neck in neutral position

N-acetylcysteine in patients with early encephalopathy

Lamivudine in case of HBV-induced ALF

Indications for endotracheal intubation
Mechanical ventilation strategy
Blood sugar management

Nutrition Enteral route preferred

Respiratory failure, advanced HE (grade =1ll) and severe agitation
Prefer low tidal volume, low PEEP higher respiratory rates to maintain Pco2 between 30 and 32 mmHg

Avoid both hypoglycemia and hyperglycemia

Feed should be dense caloric and isohyperosmolal

Caloric goals 25-30 kcal/kg/day
Protein | g/kg/day

Fluid and electrolyte balance Avoid over- or underhydration

Correct electrolyte imbalance, especially hyponatremia

Renal replacement therapy (RRT)

Vasopressors therapy Recommended for hypotension

Consider continuous RRT in the presence of worsening renal dysfunction, academia and fluid overload

Target mean arterial pressure: >60 mmHg
Norepinephrine is preferred over dopamine

Avoid adrenaline and vassopressin

Infection control/treatment

Daily surveillance for infection and treat accordingly

Consider prophylactic antibiotics in case of worsening encephalopathy, hemodynamic instability or systemic

inflammatory response syndrome

Empirical antibiotics: third-generation cephalosporin + vancomycin *+ antifungal agents

Management of cerebral edema First line: 1.V. mannitol

In refractory cases: consider hypertonic saline, moderate hypothermia, hyperventilation or phenobarbitone
Use propofol to reduce agitation and provide antiseizure effect
Control pain with short-acting agent such as fentanyl

Management of coagulopathy

Except for Vitamin K injection, prophylactic correction coagulopathy and thrombocytopenia is not required

Corrections are required in the presence of significant bleeding or before placement of invasive devices

Fresh frozen plasma and platelet transfusion should be used

Use cryoprecipitate in the presence of hypofibrinogenemia and aminocaproic acid in patients with diffuse ooze
Use stress ulcer prophylaxis with proton pump inhibitor

However, such corrections are attempted in patients
with clinically significant bleeding or before placement
of invasive devices. The exact goal of treatment with
FFP and FFP is not clear. A rough target would be to
correct the INR to approximately 1.5 and platelet count
to approximately 50,000/ mm?®. Vitamin K deficiency may
contribute to the coagulopathy of ALF in a minority of
the patients. Therefore, the administration of Vitamin
K is recommended empirically. The cryoprecipitate
is recommended in patients who have significant
hypofibrinogenemia (<100 mg/dL). Antifibrinolytic
agents such as aminocaproic acid should be considered
in patients with diffuse mucosal and puncture wound
oozing.”'Recombinant factor VIla (rFVIIa) administration
may be considered in circumstances where FFP has failed
to correct INR. Because the use of rFVIla may increase
the risk of thrombotic complications, it should not be
given to patients with a history of myocardial infarction,
stroke or unstable angina within 2 weeks, deep venous

thrombosis, pregnancy or Budd-Chiari syndrome. In
subjects with persistent coagulopathy despite FFI> who
have contraindications to rFVIla, plasma exchange is
effective and should be considered.” The incidence of
upper gastrointestinal bleeding in ALF patients has been
shown to be decreased by gastric acid suppression.™
Therefore, intravenous histamine-2 blockers or proton
pump inhibitors (intravenous or oral) are recommended.

In conclusion, ALF should not be considered as a
universally fatal condition without liver transplantation.
With intensive medical management, the rate of
spontaneous survival can be improved considerably.
A summary of medical management strategies is
mentioned in Table 1. This is particularly pertinent to
areas where access to liver transplantation is grossly
limited and where hepatitis E virus is the major cause of
ALF, which has the best survival rates among ALF due
to other etiologies.!
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