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Nutritional support in liver disease

D B A Silk, S J D O'Keefe, C Wicks

It has been recognised for many years that
patients with chronic parenchymal liver disease
are malnourished. Dr Roger Williams and his
colleagues at King's were one of the first to
formally document nutritional status in their
patients when O'Keefe et al' reported that sig-
nificant numbers of their patients had clinical,
biochemical, haematological and immunological
variables thought to be indicative of protein
calorie malnutrition. Furthermore their data
showed links between malnutrition, anergy,
sepsis, and mortality, suggesting that efforts
to improve nutritional status might improve
prognosis by reducing the known high incidence
of infective complications. Subsequently other
workers have confirmed these findings.2 At
Central Middlesex Hospital, Keohane et al
found a marked similarity between the nutri-
tional status of patients admitted for manage-
ment of complications of cirrhosis and those
patients without liver disease who in the opinion
of the nutritional support team required nutri-
tional support.4

Impaired dietary intake is almost certainly one
ofthe principal causes for nutritional deficiencies
in patients with chronic liver disease."4 Docu-
mented mean protein and caloric intake was as
low as 47 g/d and 1320 kcal/d2I respectively.
Reduced nutrient intake may arise as a result of
associated anorexia and nausea and also because
dietary protein intake is often restricted for
therapeutic reasons as part of the management
of hepatic encephalopathy.'

Evidence is accumulating which suggests that
nutritional deficiencies also arise because of
impaired digestion and absorption of nutrients.
Exocrine pancreatic insufficiency has been
shown in patients with cirrhosis7 as well as
malabsorption of D-xylose, thiamine, folic acid,
and fat.8 Because of the central role of the liver
in nutrient metabolism, requirement levels for
most nutrients change in liver failure and in some
instances, non-essential nutrients that are norm-
ally synthesised or activated by the liver can
become essential, such as choline and vitamin
D.9 As the liver also acts as a store for many
vitamins, increased urinary losses contribute to
deficiencies.
By virtue of its oxidative and synthetic func-

tions, the liver plays a regulatory role in amino
acid homeostasis. Before his arrival at King's,
O'Keefe and his colleagues showed by isotopic
tracer techniques that the 'catabolic' loss of body
nitrogen after elective surgery was more a conse-
quence of reduced protein synthesis, secondary
to inadequate dietary intake, than the classical
view of accelerated protein catabolism that was
derived from nitrogen balance studies.'" Similar
methodology was then applied to the study of
protein turnover in patients with cirrhosis and
fulminant hepatic failure. Tyrosine, an aromatic

amino acid, and whole body protein turnover
was measured by a constant eight hour intra-
venous infusion of 14C labelled tyrosine tracer."
In the fasting state, the increase in aromatic
amino acid accumulation in blood was shown to
be directly related to increased endogenous pro-
tein breakdown. Calculations showed that the
input of amino acids into the plasma from
endogenous protein breakdown was five times
higher in cirrhosis, and 12 times higher in
patients with fulminant hepatic failure, than
the normal input from dietary protein. Conse-
quently, efforts to suppress protein catabolism
would be more effective than dietary restriction
in preventing the possible toxic accumulation
of aromatic amino acids in the blood stream.
Furthermore, direct measurements of aromatic
amino acid oxidation showed that although
hepatic oxidative clearance was reduced, it con-
tinued even in fulminant hepatic failure such
that a dietary intake of at least 60 g protein would
be required to maintain body protein equilib-
rium. In similar studies, Swart and colleagues
used a single oral dose of '"N labelled glycine to
measure nitrogen kinetics in stable cirrhotic
patients in the fed and fasting state.'2 Contrary to
their hypothesis and expectation, dietary protein
appeared to be more efficiently handled in cir-
rhotic patients than in controls, being associated
with increased protein synthesis rates and not the
expected increase in amino acid oxidation rates.
This led them to further hypothesise that
patients with cirrhosis have higher protein
requirements because of an accelerated rate of
transition from the fed to fasting state because
of diminished liver glycogen stores. Thus more
rapid transition to glyconeogenesis from amino
acids would fill the energy gap resulting from low
glycogen stores. They have subsequently pre-
sented evidence supporting this concept showing
that the provision of a late evening meal im-
proved the efficiency of nitrogen metabolism in
cirrhotic patients.'3 It should be noted, however,
that these studies were uncontrolled and it is
likely that the same benefits will be seen in
normal non-cirrhotic individuals. Furthermore
it should be noted that no kinetic study to date,
including those of O'Keefe and Swart described
above and those of Millikan'4 and Mullen,"5 has
clearly shown increased oxidative losses of pro-
tein in patients with liver disease. Consequently,
the high incidence of protein deficiency seen in
patients with liver disease is almost certainly a
consequence of a decreased dietary intake result-
ing from the anorexia of chronic illness. These
observations therefore support the conclusion
that (a) efforts should be made to maintain
normal dietary intakes in patients with stable
chronic liver disease and, (b) patients with more
severe liver dysfunction will require dietary
modification and nutritional supplementation.
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Nutritional support in the presence of
hepatic encephalopathy: the dilemma
It is a feature of the natural history of the disease
that many patients with cirrhosis develop hepatic
encephalopathy and coma at some stage during
the course of their illness. As defective hepatic
metabolism of protein, with the accumulation of
nitrogenous compounds in the bloodstream, has
been implicated in the aetiology of encephal-
opathy, it has been customary to restrict dietary
protein intake even in malnourished patients.
This might well exacerbate the problem in the
long term, however, as protein deficiency leads
to infections'6 and infection is one of the
most common precipitating causes of encephal-
opathy. 17
During the last 15 years much research has

been directed towards examining the role of
altered amino acid metabolism in the patho-
genesis of hepatic encephalopathy, in particular
the relation between imbalances ofplasma amino
acid profiles and brain false neurotransmitter
synthesis. New approaches to the management
of malnutrition and the treatment of encephal-
opathy in patients with cirrhosis has emerged
based on the use of branched chain enriched
amino acid formulations.

NUTRITIONAL SUPPORT STRATEGIES
The literature pertaining to nutritional support
of patients with liver disease is not easy to
comprehend, because of the heterogeneity of the
patient groups studied, differences in the aims
and goals of the studies, differences in nutri-
tional regimens prescribed and disagreements
about end point objectives. The ensuing text will
attempt to categorise results of work concerned
with the nutritional support ofpatients with liver
disease who are predominantly non-encephal-
opathic, those with alcoholic hepatitis, those
with cirrhosis with evidence ofcoexisting hepatic
encephalopathy, those patients with fulminant
hepatic failure, and in those with end stage liver
disease coming to human orthotopic liver trans-
plantation.

NUTRITIONAL SUPPORT IN THE ABSENCE OF
HEPATIC ENCEPHALOPATHY
When there is no impairment of mental function
the nutritional state of malnourished patients
with parenchymal liver disease can be improved
by standard means. The current philosophy of
the Liver Unit at King's College Hospital is to
achieve an increased nutritional intake whenever
possible by either encouraging the patients to eat
more normal food with or without the use of oral
supplements or by instituting enteral nutrition
using standard polymeric enteral diets. The
adoption of such a philosophy is supported by
the results oftwo recent controlled clinical trials,
one of which shows that nutritional intake in
hospitalised patients with alcoholic liver disease
can be increased by means of oral supplements.2
In the other the clinical state and inpatient
hospital mortality of enterally fed cirrhotic
patients were both significantly better compared
with those in controls who were fed the normal
ward diet.3

ALCOHOLIC HEPATITIS
As emphasised by the King's group6 acute alco-
holic hepatitis is a potentially reversible condi-
tion, but one with an overall inpatient mortality
ofup to 60%. As shown by the King's group2 and
by others'8 the majority of these patients are at
least moderately if not severely malnourished
creating the rationale for nutritional therapy in
this condition. The results have been critically
reviewed by Achord.'8 The trial by the King's
group6 and three others'"2' are worthy of men-
tion. In the first Nasrallah and Galambos"9
showed that 28 days of peripheral amino acid
infusion resulted in significant improvements of
serum albumin, bilirubin, and mortality in the
treatment group as compared with the control
group. In the Veterans Administration coopera-
tive study20 those patients randomised to receive
supplemental enteral alimentation containing
branched chain amino acids showed an improve-
ment in objective assessment of nutritional
status, but not mortality as compared with those
patients randomised to an ad libitum hospital
diet. In a further study 73 patients with alcoholic
hepatitis whose oral diet was supplemented with
central venous alimentation showed no improve-
ment in nutritional status nor mortality.2' The
results of the King's study involving 64 patients6
who were randomised to receive a control diet
alone, or with added enteral or intravenous
supplements, no differences were noted in nitro-
gen balance, nutritional status or mortality. Like
others, the King's group are not discouraged by
their results, they continue to appreciate the
importance of nutritional support as a means of
preventing deterioration in nutritional status in
alcoholic hepatitis while other forms of therapy
can be implemented. Moreover they recognise
the imperfection ofstudy design, thus in order to
detect a 25% difference within 95% confidence
limits an estimated 45 patients in each group will
be required.'8 A number not contained in their6
or the other''2' prospectively randomised
studies.

NUTRITIONAL SUPPORT IN THE PRESENCE OF
HEPATIC ENCEPHALOPATHY
One of the continuing interests of the King's
group are the biochemical mechanisms involved
in the pathogenesis of hepatic encephalopathy,
which they have reviewed'822 on more than one
occasion. Of particular relevance to the nutri-
tional support of encephalopathic patients has
been the demonstration of increases in plasma
concentrations of the aromatic amino acids,
phenylalanine and tyrosine, as well as methi-
onine and tryptophan, these changes have been
mirrored by reductions in plasma concentrations
ofthe branched chain amino acids valine, leucine
and isoleucine. Much discussion has taken place
as to the cause of these changes,522 to which the
King's group have made major contributions.
As discussed earlier O'Keefe and colleagues"
showed that the increased aromatic amino acid
concentrations in blood were more related to
increased endogenous protein breakdown than
dietary intake, plus reduced hepatic oxidative
clearance. The explanation for reduced
branched chain amino acid concentrations is less
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clear. Initial studies of Munro and colleagues
suggested that the increased insulin concentra-
tions that resulted from defective hepatic clear-
ance, promoted the uptake of branched chain
amino acids into peripheral tissues.23 Subsequent
studies by Marchesini and colleagues, however,
using a euglycemic insulin infusion, failed to
uphold this view.24 A more likely explanation is
that the branched chain amino acids form a
useful alternative energy source in patients with
defective hepatic metabolism.
The relationship of the disturbed plasma

amino acid profiles to the pathogenesis of hepatic
encephalopathy and the development of the false
neurotransmitter hypothesis has been reviewed
in detail by the King's group52225-27 and the
rationale underlying the use of branched chain
amino acid therapy in patients with hepatic
encephalopathy originally proposed by Fischer
et al2330 has been fully documented.529 Fischer
and his colleagues were the first to create a
specially formulated amino acid solution for
intravenous use that contained considerably
decreased amounts of phenylalanine, tyrosine,
tryptophan, threonine, and glycine and in-
creased amounts of the branched chain amino
acids, leucine, isoleucine and valine, as well
as arginine. After showing that survival in
encephalopathic dogs receiving the formulation
was appreciably increased compared with dogs
receiving a standard intravenous formulation of
amino acids25 clinical studies were commenced.
The results were encouraging for not only did the
infusion of the amino acid mixture correct the
plasma amino acid profiles of patients, but their
neuropsychiatric state seemed to improve.28 In
passing they found that positive nitrogen balance
was achieved. The innovative studies of Fischer
and colleagues have stimulated much further
clinical research into the use of amino acid
mixtures enriched with branched chain amino
acids and deficient in aromatic amino acids.
Horst et al3' pointed out how difficult it is to draw
conclusions from the data, particularly those
derived from uncontrolled trials. The controlled
trials that have been performed have, however,
evaluated different amino acid mixtures ad-
ministered in different ways using different
end points in patients with different types and
degrees of encephalopathy. Moreover, there
seems little doubt that Fischer's original concept
was concerned with the use of these specially
formulated amino acid solutions as primary
therapy for the hepatic encephalopathy. As
appreciated by the King's group, the emphasis
of this approach has shifted from primary treat-
ment of the encephalopathy to safe provision of
nutritional support, which at the same time does
not have the expected deleterious effect on the
patients neuropsychiatric state, as expressed in a
recent review.32 Furthermore, from a theoretical
point of view, protein synthesis will be more
efficient if the composition of the precursor
amino acid pool is balanced rather than contain-
ing an excess of aromatic and a depletion of
branched chain amino acids.33

Silk has recently undertaken a critical analysis
of the therapeutic efficacies of branched chain
amino acids in cirrhotic patients with hepatic
encephalopathy29 and has emphasised the need

to consider separate therapy in those with latent,
chronic, and acute forms of encephalopathy.

Latent (sub-clinical) portal systemic encephalopathy
Egberts etal32 are the only group to have restricted
their study to patients who have never been
clinically encephalopathic and who have never
received dietary restriction as part oftheir clinical
management. Taking into account the crossover
design, appreciable improvements attributable to
branched chain amino acid treatment could be
shown in psychomotor function, attention, and
practical intelligence. The study lasted only a
week, however, so the benefits should be consid-
ered at best to be very short term.

CHRONIC PORTAL SYSTEMIC ENCEPHALOPATHY
Three groups have addressed the question of
whether branched chain amino acids supple-
mentation has a beneficial effect on the mental
state on patients with cirrhosis and chronic
portal systemic encephalopathy.3'3536 In neither
of the two small and short term crossover
trials3536 was there a question that branched
chain amino acids supplementation had any
appreciable effect on the mental state of patients
studied. In the longer term and larger trial of
Horst et al3' the branched chain amino acid
supplemented diet, Hepaticaid seemed to have a
distinct advantage. This diet was as effective in
inducing positive nitrogen balance as was an
equivalent amount of protein, and encephal-
opathy at the same time was induced far less
often during the four weeks of trial. As outlined
previously, if these observations are confirmed
then the potential role of branched chain acids
in chronic portal systemic encephalopathy will
have shifted from that of a primary therapeutic
agent of encephalopathy to a means of more
safety improving the nutritional state of these
patients.

ACUTE PORTAL SYSTEMIC ENCEPHALOPATHY
Three simple randomised controlled clinical
trials have addressed themselves to the efficacy
of branched chain amino acids administered
parenterally to patients with acute portal
systemic encephalopathy.37139 In two of the
trials3738 no significant benefit of branched
chain amino acids was seen in respect of either
encephalopathy or mortality. In the trial of Cerra
et al39 promising results were obtained. A sig-
nificant beneficial effect of parenterally adminis-
tered branched chain amino acid mixture on
encephalopathy and mortality was obtained.
Only one study has compared the effect of
branched chain enriched formulations to stan-
dard formulations, however, and it is important
to note that in this study survival was actually
longer in those given a standard formulation.'
Thus, although for theoretical reasons it would
seem better to use a specialised amino acid
formula, cost effectiveness still needs to be
proved, particularly as O'Keefe and colleagues
failed to show any exacerbation of hepatic
encephalopathy in patients given standard amino
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acid infusions.4' There is thus a clear need for
further controlled studies in this group.

FULMINANT HEPATIC FAILURE
The King's Unit continues to have a major
interest in the management of patients with
fulminant hepatic failure and in recent years
have addressed themselves to the effect of the
illness per se and the various therapeutic
manoeuvres on the nutritional status of these
patients. In the past, emphasis has been on
maintaining protein free intravenous glucose
infusions in order to prevent neuroglycopenia
and reduce ammonia production, but studies at
King's have shown that despite massive hepatic
necrosis, amino acid oxidative losses continue"
and may be exacerbated by artificial liver support
systems,42 suggesting a continuing need for
amino acids. As amino acids are required for
hepatic regeneration, substrate supply must be
maintained. Isotope incorporation studies also
showed that, in contrast with the situation in
patients with chronic liver disease, the low
albumin concentrations seen in patients with
fulminant hepatic failure were a consequence
of decreased albumin synthesis. Furthermore,
infusions of 14C labelled phenylalanine showed
an association between reduced phenylalanine
oxidation, reduced incorporation into albumin
and mortality, such that no individual with an
oxidation rate below 005 mmol/h and a reduced
incorporation into albumin below 0*3%/d sur-
vived.43 It is very doubtful that nutritional sup-
port, in contrast with metabolic support, would
have any role in these individuals and the only
hope would be timely liver transplantation. On
the other hand, complete recovery was seen in
some of the patients with less suppressed rates
suggesting that close attention to nutritional
support might form a decisive factor in their
outcome.
Most recently the King's group have esti-

mated the nitrogen requirements of these
patients and as a prelude to establishing a
nutritional support programme have shown that
in contrast with previous opinions, patients with
liver failure tolerate lipid emulsions well."

ORTHOTOPIC LIVER TRANSPLANTATION
As outlined earlier in this supplement the King's
group have made very great strides in the area of
orthotopic liver transplantation. They were the
first to document that successful liver trans-
plantation is associated with a severe state of
protein catabolism indicating the need for early
postoperative feeding.45 The Boston group have
subsequently measured aromatic and branched
chain amino acid metabolic rates before and after
liver transplantation and have shown that liver
transplantation rapidly normalises aromatic
amino acid clearance and that branched chain
oxidation increases above normal."6 Thus, there
appears to be a little need for specialised amino
acid formulations after successful liver trans-
plantation, but the overall requirement for
dietary protein is high. Few studies have
addressed the question of energy requirements
but preliminary investigations from the Mayo

Clinic, based on indirect calorimetry, have failed
to show increased energy expenditure during the
first week after liver transplantation.47 The
King's Unit are currently turning their attention
to assessing nutritional status in their patients
with end stage liver disease undergoing trans-
plantation. This has been an important step to
take. Recent studies do highlight how malnutri-
tion is present preoperatively in these patients.48
Aggressive nutritional support will probably
benefit outcome, and preliminary data certainly
from America already indicate how the length of
stay in the Intensive Care Unit can be shortened
by instituting early postoperative nutrition.49
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