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SYMPOSIUM

Acute liver failure — practical management

Roger Williams

Institute of Hepatology, University College London Medical School, 69-75 Chenies Mews, London, WCIE 6HX, UK.

Abstract

The three most important components of the management of
Acute Liver Failure are :-

1) Identification of causes requiring specific treatment includ-
ing hepatic lymphoma, the Budd-Chiari syndrome, ischaemic
hepatic necrosis, fulminating septicaemia, Wilson’s disease and
reactivation of HBV in chronic carriers.

2) Institution of early monitoring and optimal intensive care for
multi-organ involvement to improve chances of spontaneous
recovery or of transplantation. Deteriorating encephalopathy with
cerebral oedema is related to a systemic inflammatory response
and infections need to be treated aggressively.

3) Assessment of the need for transplantation based on strong
positive predictive values provided by the King’s or Clichy crite-
ria. A significant percentage of those not fulfilling criteria also
progress. The MARS liver support device has corrective effects on
the disturbed pathophysiology of ALF and may be used to enhance
spontaneous recovery or as a bridge to transplant, although the
latter is not yet proven by controlled clinical trial. (Acta gastro-
enterol. belg., 2006, 69, 210-213).

Three key areas of management need to be addressed
when confronted with, or asked for advice on the treat-
ment of an established case of acute liver failure (ALF).
The first is whether the cause has been sufficiently
investigated, using the full range of virological, toxico-
logical and imaging modalities and including in selected
instances the obtaining of liver histology, so that those
cases potentially amenable to specific measures are
identified, eg. Budd-Chiari syndrome or Wilson’s dis-
ease. Along with this is the determination of the likely
category of ALF-hyperacute, acute or subacute which
gives an indication of the prognosis and of the clinical
features that are most likely to require treatment. The
second area is the establishment of early monitoring and
optimal care for the multiorgan failure that is so charac-
teristic of the later stages of ALF. Transfer to a special-
ized liver unit should be done early. With progression of
disease transportation becomes more difficult on
account of deleterious effects on encephalopathy and the
risks of precipitating cardio-respiratory arrest. The third
key area is early recognition of the need for liver trans-
plantation based on the well established King’s or
Clichy criteria.

The latest data from the Acute Liver Failure coopera-
tive study in the USA, gives a more optimistic outcome
for survival than in most standard textbooks (Fig. 1) (1).
Overall survival was 43% without a transplant and fig-
ures for the UK are similar (Fig. 2) (2). The better sur-
vival is largely due to the number of paracetamol hepa-
totoxicity cases (hyperacute category), where despite the
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Data from 17 Tertiary Care centres
e 308 Consecutive patients admitted over 41 mts
Acetaminophen overdose 39% (suicide 37%, accidental
57%) idiosyn. drug reaction 13%, viral hepatitis A & B
12%, indeterm. 17%
e 29% had OLT (6% only for Acetamin.) and 43% survived
without transplant giving overall survival of 67%

Fig. 1. — Prospective study of Acute Liver Failure in the USA
from Liver Failure Study group

rapidity of onset and the severity of manifestations,
spontaneous recovery is more likely. A potentially
important finding from the USA group was the detection
of acetaminophen in the serum of about 40% of patients
with ALF attributed to hepatitis A and B infections, the
drug presumably having been ingested for relief of viral
associated symptoms. Serum alanine-aminotransferase
levels were higher in this group (5,400 v 1,367 IU/L) as
was prolongation of INR (5.3 v 2.6), suggesting an addi-
tive effect of the acetaminophen on the viral hepatitis
injury and raising questions as to use of the antidote N-
acetylcysteine in such cases (3).

Optimal care for multi-organ failure

The underlying hepatic necrosis in ALF has effects on
a number of other organs and systems in the body with
multiorgan failure as the final event leading to demise
(Fig. 3) (4). Severe coagulopathy, encephalopathy and
haemodynamic instability are major components of the
clinical syndrome. Each can to some extent be con-
trolled as can manifestations in more distantly affected
organs including the kidneys as well as the metabolic
and nutritional disturbances that result from severe liver
failure. The occurrence of infection consequent on an
early major depression of the body’s phagocytic and
immune defence mechanisms is increasingly recognised
as an important factor in the progression of
encephalopathy and development of cerebral oede-
ma (5,6,7,8). Our findings showing correlations with
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Outcome in ALF

355 consecutive patients

e

N

177 (50%) 96 (27%) died 82 (23%)
Survived with underwent
medical / transplant
management  \ioF 749, ICH 22%

COMPONENTS OF SIRS -

Temperature > 38° or < 36°C, Heart rate >90/min,
Respiratory rate > 20/min or PaCO,,
< 4.3kPa, WBC > 12 0or <4 x 10°/L
In series of 887 patients -
e Those manifesting increase in encephal. grade or ICP more
often infected & with > two SIRS components
e Those with SIRS (57%) more likely to have worsening
encephalopathy — 77% v 68% (p = .003)

Fig. 2. — Single centre experience of (King's College
Hospital) of outcome in Acute Liver Failure.
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Fig. 3. — Cartoon illustrating main features of clinical syndro-
me of Acute Liver Failure and associated multiorgan involve-
ment.

components of the systemic inflammatory response may
also point to some of the mechanisms involved (through
cytokine release) (Fig.4) (7). Infections, circulatory
instability, nutritional and metabolic changes may all
have additional damaging effects on the underlying
processes of liver damage, possibly through common
mechanisms of oxidative stress thus emphasising the
need for instituting corrective measures at the earliest
possible time.

Important aspects of the intensive care management
are based on results of randomized controlled trials of
ICU outcomes in other critical care situations as well as
in ALF and for more detailed consideration the reader is
referred to the recent reviews by Sizer et al. (9) and
Blei (10) (Fig. 5 & Fig. 6). Sedation is with opiates and
propofol ; paralysing agents are best avoided as they
may mask seizure activity and signs of raised
ICP (11,12). In endeavouring to maintain an adequate
circulatory volume in the face of progressive systemic
vasodilatation, volume replacement whether based on
colloids or crystalloid is essential but has to be carefully
monitored as over-repletion may be equally dangerous.
If vasopressor drugs have to be added noradrenaline is
probably the safest. Terlipressin/glypressin has been
shown to worsen cerebral hyperaemia in ALF with
severe encephalopathy (13). Intravenous hydrocortisone

Fig. 4. — Relationship between components of systemic infec-
tion response (SIRS), and encephalopathy in ALF.

Basic ICU Care :

e Early restoration of circulating volume & low threshold for
invasive monitoring

e Active control of blood glucose target 4 - 6 mmol/L with
insulin infusion as required

e CVS support with steroids in those on vasopressors if
Synacthen response inadequate

e Continuous veno-venous haemofiltration at least
35ml/kg/hr & started early when NH, high & metabolic aci-
dosis severe

Fig. 5. — Practical management of ALF I — Basic care in
Intensive Care ward.

Encephalopathy & raised ICP :

e Intubate & ventilate at Grade IIl, Nurse at 15°

e Sedate with Propofol, no paralysis as masks seizure
activity, IV magnesium for hypertonicity or clonus

e Cerebral monitoring by reverse jugular oximetry. ICP bolts
if proceeding to OLT

e Maintenance of moderate hypernatraemia (Na 145-
50 pmol/L), bolus mannitol

e Patients cooled to around 36°C

e |F REFRACTORY — aggressive cooling, bolus indometha-
cin, short-term hyperventilation

Fig. 6. — Practical management II — Specific measures in
slowing progression of encephalopathy and cerebral oedema.

may also be required as adrenal insufficiency — shown
by a short synacthen test (14), is common in ALF and
similar to the situation in sepsis impairs the response to
pressor agents. Insulin resistance is a feature of ALF and
hyperglycaemia is known within the ICU population to
be detrimental to outcome. Tight blood glucose control
(target 4-6 mmol/L) with an insulin infusion is essential.

The management of infection is all important because
of the adverse effects on encephalopathy already
referred to and with infective episodes often the imme-
diate cause of death in association with multiorgan fail-
ure. The patient may already be infected by the time of
referral to the liver centre and antibiotics should be start-
ed (or continued) whilst awaiting blood culture results
on the basis that during the first week of illness,
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infections with gram positive organisms predominate.
Gram negative ones are subsequently more frequent and
fungal infections are increasingly likely, and to be of
clinical importance, from the second week onwards.
Prophylactic antibiotics were shown in one study when
started early in the course to reduce the incidence of sep-
tic episodes and improve encephalopathy but without
any effect on mortality (6).

A useful and safe technique in monitoring for the
development of cerebral oedema and elevation in ICP is
serial measurement of jugular bulb venous saturation
through an indwelling catheter or by continuous
oximetry. Low values in comparison with mixed venous
oxygen saturations are indicative of reduction in cardiac
output or increased utilisation as with convulsive activi-
ty. High saturations reflect hyperaemia, ischaemia or
failure of oxygen utilisation. The insertion of a subdural
intracranial bolt is not without risk but can be of consid-
erable value in guiding management decisions particu-
larly with considerably raised ICP levels and if the
patient is proceeding to orthotopic liver transplanta-
tion (15,16). In a recent study, it was shown to provide no
survival advantage though it did result in more frequent
treatment of cerebral oedema (17). Bolus administration
of hypertonic mannitol is a proven value in the early
stages of cerebral oedema and the maintenance of mod-
erate hypernatraemia (serum sodium 145-150 umol/L)
by infusion of 30% saline IV has been shown to reduce
ICP without altering mean arterial pressure (18). For
patients refractory to these measures, bolus doses of
propofol can give a prolonged reduction in ICP.
Indomethacin administration again in bolus doses has
been shown to be of value in single case reports (19) and
recently received confirmation in an experimental model
of liver failure. Short-term hyperventilation can also be
effective in controlling otherwise uncontrollable surges
in ICP (20). The use of hypothermia is a potentially
valuable approach. Its effectiveness in lowering ICP was
first shown by Jalan and colleagues in describing
7 patients unresponsive to conventional therapy (21).
Core temperatures were reduced to 32° or 33°C, using
cooling blankets for 8 hours. ICP was lowered (mean
45 — 16 mmHg) consequent on a parallel decrease in
cerebral blood flow (103 — 44 ml/100 g'/min"), and
cerebral perfusion pressure brought up to safe levels.

The effectiveness of IV N-acetylcysteine (NAC) infu-
sion in lessening the incidence and progression of mul-
tiorgan failure in ALF with a reduced frequency of cere-
bral oedema, hypotension and renal failure as originally
reported (22) is currently being re-examined in multi-
centre trial in the USA. Underlying the effectiveness
may be an enhanced tissue perfusion with reduction in
tissue hypoxia although the original clinical studies in
ALF (23,24), have been questioned by workers in
Edinburgh on the basis of the methodology used for
determining oxygen consumption (25). Nevertheless,
there is considerable clinical evidence attesting to its
value in other ICU situations of multiorgan failure and it
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Modification of KCH criteria
for acetaminophen-induced ALF

e CONSIDER LISTING IF :- Arterial lactate concentration
> 3.5 mmol/| after early fluid resuscitation

e LIST FOR TRANSPLANTATION IF :- Arterial pH < 7.3 OR
arterial lactate concentration > 3.0 mmol/l after adequate
fluid resuscitation, OR concurrently :- Serum creatinine >
300 pmol/l, INR > 6.5 & grade Ill encephalopathy or above

Fig. 7. — Modification of KCH criteria for acetaminophen-
induced ALF.

continues to be widely used. As an antidote to paraceta-
mol hepatotoxicity, its value when given early cannot be
questioned and in such cases it is also worth giving up to
24 hours after the overdose.

Assessment of the likely need for liver trans-
plant

Validation of the King’s and Clichy prognostic crite-
ria for ALF confirms strong positive predictive values of
90-95% (26). Unfortunately, a considerable number of
cases not fulfilling criteria do deteriorate and negative
predictive values in some of the more recent validation
studies have been in the order of 50% - 60% only.
Arterial lactate levels have been shown recently to be of
added value in acetaminophen-induced liver failure with
modification of the King’s criteria for this group
(Fig. 7) (27). The early identification of irreversible
hepatic injury is of the utmost importance for even in the
best centres survival figures for an emergency liver
transplant are 10%-20% lower than for an elective trans-
plant because of the associated multiorgan failure.

The use of an effective liver support device could
enhance the rate of spontaneous recovery in ALF as well
as maintaining or even improving the condition of those
awaiting transplant thereby providing additional critical
time for a donor organ to be obtained — a true bridge to
the procedure (28). The Molecular Adsorbents Re-circu-
lating System (MARS) based on albumin dialysis in an
extracorporeal circuit, in which the patient’s blood dial-
ysed against an albumin impregnated membrane, is one
such technique (29). Effective removal of protein bound
toxic substances from the blood is obtained. With daily
8 hour perfusions, correction of other aspects of the dis-
turbed pathophysiology in ALF has been reported by
Schmidt and his group (30,31) notably a rise in systemic
vascular resistance and a decrease in the abnormal ele-
vations of blood amino acids.

In summary, ALF remains one of the most demand-
ing disorders in medicine to treat in terms of the need for
specialised knowledge, investigatory facilities, and high
level intensive care. Transplantation currently offers the
only chance of survival for a substantial number of cases
but is limited by its availability of Cadaver organs. Only
by a better understanding of the basic mechanisms
responsible for the liver injury and of the process leading
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to multiorgan failure is the continuing high mortality

likely to be reduced.
References
1. OSTAPOWICZ G., FONTANA R.J., SCHIODT EV., LARSON A.,

]

%)

~

W

[=)}

~

oo

o

DAVERN T.J., HAN S.H., MCCASHLAND T.M., SHAKIL A.O.,
HAY J.E., HYNAN L., CRIPPIN J.S., BLEI A.T., SAMUEL G., REISCH J.,
LEE WM. US Acute Liver Study Group. Results of a prospective study of
acute liver failure at 17 tertiary care centers in the United States. Ann. Intern.
Med., 2002, 137 : 947-54. Summary for patients in: Ann. Intern. Med.,
2002, 137 : 124.

. BERNAL W., WENDON 1J. Intracranial hypertension in acute liver failure ;

prevalence and risk factors for development. Hepatology, 2004, 40 (Suppl.
1): 219A.

. POLSON J.E., OCAMA P., LARSON A.M., HYNAN L., LALANI EK.,

HARRISON M.E., LEE W.M. Role of acetaminophen in acute liver failure
due to viral hepatitis . Hepatology, 2003, 34 (Suppl. 1) : 544A.

. JALAN R., SEN S., WILLIAMS R. Prospects for extracorporeal liver sup-

port. Gut, 2004, 53 : 890-8.

. ROLANDO N., PHILPOTT-HOWARD J., WILLIAMS R. Bacterial and

fungal infection in acute liver failure. Semin. Liver Dis., 1996, 16 : 389-402.

. ROLANDO N., WADE J.J., STANGOU A., GIMSON AE., WENDON J.,

PHILPOTT-HOWARD J., CASEWELL M.W., WILLIAMS R. Prospective
study comparing the efficacy of prophylactic parenteral antimicrobials, with
or without enteral decontamination, in patients with acute liver failure. Liver
Transpl. Surg., 1996, 2 : 8-13.

. ROLANDO N., WADE J., DAVALOS M., WENDON J., PHILPOTT-

HOWARD J., WILLIAMS R. The systemic inflammatory response syn-
drome in acute liver failure. Hepatology, 2000, 32 : 734-9.

. VAQUERO J., POLSON J., CHUNG C., HELENOWSKI I., SCHIODT F.V.,

REISCH J., LEE W.M., BLEI A.T. Infection and the progression of hepatic
encephalopathy in acute liver failure. Gastroenterology, 2003, 125 : 755-64.

. SIZER E., WENDON J., BERNAL W. Acute Liver Failure in the Intensive

Care Unit. In: VINCENT J.L. 2003 Yearbook of Intensive Care and
Emergency Medicine. Springer, Berlin, 2003, 847-857.

. BLEI A.T. Management of acute liver failure. Indian J. Gastroenterol., 2006,

25 (Suppl) : S1-7.

. ELLIS A.J., WENDON J.A., WILLIAMS R. Subclinical seizure activity and

prophylactic phenytoin infusion in acute liver failure : a controlled clinical
trial. Hepatology, 2000, 32 : 536-41.

. BHATIA V., BATRA Y., ACHARYA S.K. Prophylactic phenytoin does not

improve cerebral edema or survival in acute liver failure — a controlled
clinical trial. J. Hepatol., 2004, 41 : 89-96.

. SHAWCROSS D.L., DAVIES N.A., MOOKERJEE R.P., HAYES P.C.,

WILLIAMS R., LEE A., JALAN R. Worsening of cerebral hyperemia by the
administration of terlipressin in acute liver failure with severe encephalopa-
thy. Hepatology, 2004, 39 : 471-5.

. HARRY R., AUZINGER G., WENDON 1J. The clinical importance of

adrenal insufficiency in acute hepatic dysfunction. Hepatology, 2002, 36 :
395-402.

. KEAYS R.T., ALEXANDER G.J., WILLIAMS R. The safety and value of

extradural intracranial pressure monitors in fulminant hepatic failure.
J. Hepatol., 1993, 18 : 205-9.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

213

BLEI A.T., OLAFASSON S., WEBSTER S., LEVY R. Complications of
intracranial pressure monitoring in fulminant hepatic failure. Lancet, 1993,
341 : 157-8.

VAQUERO J., FONTANA R.J., LARSON AM. BASS NM,
DAVERN T.J., SHAKIL A.O., HAN S., HARRISON ME,,
STRAVITZ T.R., MUNOZ S., BROWN R., LEE WM., BLEI A.T.
Complications and use of intracranial pressure monitoring in patients with
acute liver failure and severe encephalopathy. Liver Transpl., 2005, 11 :
1581-9.

MURPHY N., AUZINGER G., BERNEL W., WENDON J. The effect of
hypertonic sodium chloride on intracranial pressure in patients with acute
liver failure. Hepatology, 2004, 39 : 464-70.

CLEMMESEN J.0., HANSEN B.A., LARSEN E.S. Indomethacin normal-
izes intracranial pressure in acute liver failure: a twenty-three-year-old
woman treated with indomethacin. Hepatology, 1997, 26 : 1423-5.
STRAUSS G., HANSEN B.A., KNUDSEN G.M., LARSEN FA.
Hyperventilation restores cerebral blood flow autoregulation in patients with
acute liver failure. J. Hepatol., 1998, 28 : 199-203.

JALAN R., OLDE DAMINK S.W., DEUTZ N.E., HAYES P.C., LEE A.
Moderate hypothermia in patients with acute liver failure and uncontrolled
intracranial hypertension. Gastroenterology, 2004, 127 : 1338-46.

KEAYS R., HARRISON PM., WENDON J.A., FORBES A., GOVE C.,
ALEXANDER G.J., WILLIAMS R. Intravenous acetylcysteine in paraceta-
mol induced fulminant hepatic failure : a prospective controlled trial. BMJ,
1991, 303 : 1026-9.

WENDON J.A., HARRISON P.M., KEAYS, WILLIAMS R. Cerebral blood
flow and metabolism in fulminant liver failure. Hepatology, 1994, 19 : 1407-
13.

HARRISON PM., WENDON J.A., GIMSON A.E., ALEXANDER G.J.,
WILLIAM R. Improvement by acetylcysteine of hemodynamics and oxygen
transport in fulminant hepatic failure. N. Engl. J. Med., 1991, 324 : 1852-7.
WALSH T.S., HOPTON P., PHILIPS B.J., MACKENZIE S.J., LEE A. The
effect of N-acetylcysteine on oxygen transport and uptake in patients with
fulminant hepatic failure. Hepatology, 1998, 27 : 1332-40.

O’GRADY J.G., ALEXANDER G.J., HAYLLAR K.M., WILLIAMS R.
Early indicators of prognosis in fulminant hepatic failure. Gastroenterology,
1989, 97 : 439-45.

BERNAL W., DONALSON N., WYNCOLL D., WENDON J. Blood lactate
as an early predictor of outcome in paracetamol-induced acute liver failure :
a cohort study. Lancet, 2002, 359 : 558-63.

GERLACH J.C. Prospects of the use of hepatic cells for extracorporeal liver
support. Acta Gastroenterol. Belg., 2005, 68 : 358-68.

NOVELLI G., ROSSI M., PRETAGOSTINI M., PUGLIESE F,
RUBERTO F.,, NOVELLI L., NUDO E,, BUSSOTTI A., CORRADINI S.,
MARTELLI S., BERLOCO P.B. One hundred sixteen cases of acute liver
failure treated with MARS. Transplant. Proc., 2005, 37 : 2557-9.
SCHMIDT L.E., WANG L.P, HANSEN B.A., LARSEN ES. Systemic
hemodynamic effects of treatment with the molecular adsorbents recirculat-
ing system in patients with hyperacute liver failure : a prospective controlled
trial. Liver Transpl., 2003, 9 : 290-7.

SCHMIDT L.E., TOFTENG F., STRAUSS G.I,, LARSEN ES. Effect of
treatment with the Molecular Adsorbents Recirculating System on arterial
amino acid levels and cerebral amino acid metabolism in patients with
hepatic encephalopathy. Scand. J. Gastroenterol., 2004, 39 : 974-80.

Acta Gastro-Enterologica Belgica, Vol. LXX, April-June 2007



