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Introduction

clinical stage of chronic liver disease: When diagnosed
by anthropometric criteria, PEM may be present in 20%
of patients with well compensated liver cirrhosis and in
more than 60% of patients with severe liver insufficiency
(5). The prevalence is even higher when body composition
is assessed by more sensitive methods (4, 6). The presence
of muscle wasting indicates an advanced stage and apparently is associated with poorer survival (7) particularly
following shunt surgery (8). The prevalence and degree
of PEM do not appear to relate to the etiology of liver
disease per se (4, 5). The higher prevalence of malnutrition
in patients with alcoholic liver disease is generally restricted
to skid row alcoholics and patients from low socioeconomic classes.

Nutrition has long been recognized as a prognostic and
therapeutic determinant in patients with chronic liver disease (1) and was therefore included as one of the variables
in the original prognostic score devised by Child and
Turcotte (2). Despite the increase in knowledge from
research in the fields of metabolism, clinical nutrition and
intervention, there is no generally accepted or standardized
approach for the diagnosis and classification of malnutrition
in these patients. Similarly, there is no general agreement
on the criteria for when or how to implement nutritional
intervention. Even among clinical trials, criteria for patient
classification and study endpoints are heterogeneous and
have been used inconsistently. Therefore, ESPEN commisioned the work of a group of hepatologists and nutritionists
to prepare a consensus document on nutrition in liver
disease and liver transplantation. The aim of this consensus
was to disseminate current knowledge, propose common
terminology, agree consensus definitions and diagnostic and
therapeutic standards to be adopted in clinical practice and
research, and to stimulate cooperative European studies.
The present paper is the result of meetings on the occasions
of the annual ESPEN and EASL meetings in Rome 1995
and Geneva 1996, a consensus group meeting in Berlin
in 1996 and repeated discussions of circulars at various
stages of the work.

Conclusion. PEM is common in chronic liver disease
and positively correlated with functional severity of the
liver injury.

Substrate metabolism in chronic liver disease
Decreased glucose but increased lipid oxidation are observed in postabsorptive cirrhotic patients. This modified
substrate utilization does not depend on the nutritional
status (9-11).
Glucose. The majority of patients with cirrhosis have impaired glucose tolerance with hyperinsulinemia and insulin
resistance. In 15-37% of patients overt diabetes may occur
and this represents a risk factor for long-term survival
(12, 13). In the postabsorptive state, due to a depletion
of hepatic glycogen stores the glucose oxidation rate is
reduced and the hepatic glucose production rate iis low
despite the increase in gluconeogenesis (14).
Under conditions of a euglycemic hyperinsulinemic ,clamp,
glucose oxidation is normalized, while non-oxidative
glucose disposal is impaired due to reduced glucose transport and uptake into skeletal muscle (15, 16). After a meal,
insulin resistance is overcome to a degree because of high
insulin and glucose levels and cirrhotics utilize the ingested
carbohydrate as immediate fuel (17). At present, it is unknown whether glucose deposition as glycogen is impaired
just in skeletal muscle or in both muscle and liver (18, 19).

Effect of liver disease on metabolism and nutritional
status

Protein-energy malnutrition
Acute liver disease induces the same metabolic effects as
any disease associated with an acute phase response. The
effect on nutritional status depends on the duration of the
disease and on the presence of any underlying chronic liver
disease which may have already compromised the patients'
nutritional status.
Malnutrition in chronic liver disease is better defined as
protein-energy malnutrition (PEM) because kwashiorkorlike malnutrition and marasmus frequently coexist (3, 4).
The prevalence and severity of PEM are related to the
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Lipid. In the fasting state, plasma free fatty acids as well
as glycerol and ketone bodies are increased. Lipids are
oxidized as preferential substrate, and lipolysis is increased
with active mobilisation of lipid deposits (10, 20). Insulin
apparently does not suppress lipolysis to the same degree as
in healthy controls, when plasma free fatty acid and glycerol
concentrations are measured during low insulin infusion
rates (21). There are controversial findings regarding maintenance (22) or loss (17) of suppression of postprandial
lipid oxidation. Plasma clearance and lipid oxidation rates
are not reduced (23, 24) and therefore, the net capacity
to store exogenous lipid does not seem to be impaired in
cirrhotics.
Essential and polyunsaturated fatty acids are decreased
in cirrhosis and this decrement correlates with nutritional
status (25) and the severity of liver disease (26).

Energy expenditure should be measured by indirect
calorimetry, especiNly in patients with decompensated
cirrhosis. In these patients, no validated factors for estimating resting energy expenditure are available. Indirect
calorimetry should be used in all metabolic studies. When
this method is not available energy expenditure may be
calculated from Harris and Benedict's equation (37) as an
auxiliary method with a mean deviation of 11% from
measured values (9). It remains controversial, however,
whether actual, ideal or 'dry' body weight should be used
for calculation, since ascites apparently is not an inert
compartment regarding energy expenditure (38, 39). Both,
actual weight in severe hydropic decompensation or errors
in estimates of 'dry' weight may lead to erroneous values
deviating to the extremes and therefore, ideal body weight
may be accepted as a safe approach.

Protein. The effect of insulin on protein metabolism and
amino acid disposal does not seem to be impaired in
patients with insulin resistance (27). Protein turnover in
cirrhotic patients has been found to be normal or increased.
Some authors have suggested that protein breakdown is
increased, while others suggest that protein synthesis is
reduced (28). Nevertheless, stable cirrhotic patients apparently are capable of efficient nitrogen retention and
significant formation of lean body mass during oral hyperalimentation (29). Protein catabolism influences the amino
acid imbalance of cirrhosis and indirectly causes nitrogen
overload to the liver leading to hyperammonemia. Albumin
but not fibrinogen synthesis rates correlate with quantitative
liver function tests and clinical stages of cirrhosis (30, 31).

Body composition. In clinical practice, body composition
of cirrhotic patients is assessed by indirect techniques, such
as anthropometry, urinary creatinine excretion or bioelectric
impedance analysis which are inaccurate, due to the combination of reduced body cell mass and a variable degree
of extracellular fluid retention (6, 40). Therefore, it would
be desirable to directly assess fat mass and fat free mass
components total body water, extracellular water and body
cell or muscle mass.
Anthropometry is a reasonably accurate bedside tool to
detect the protein depleted status of cirrhotic patients when
used by a single trained examiner (5, 40-42) and four site
skinfold anthropometry has been considered the best indirect
method of assessing body fat stores in these patients (43).
The value of urinary creatinine excretion as a basis
to estimate muscle or body cell mass has been questioned
since creatine is synthetized by the liver (44). In more recent
studies, however, this method has been considered adequate
(29) depending more on renal than on hepatic function
(45). Total body potassium can be measured precisely and
accurately when a whole body counter is available (46, 47).
This non-invasive method is regarded as a reliable tool
to estimate body cell mass in general, but has not been
validated in cirrhotic patients yet.
The u s e of bioelectrical impedance analysis (BIA) is
controversial in patients with ascites (4, 48, 49), but caution
should also be exerted in patients without clinical signs of
fluid overload (50, 51). In two studies a good correlation
was found between fat free mass or body cell mass by
BIA and muscle mass or body cell mass assessed by total
body potassium counting (9, 13). However, BIA was found
unable to accurately reflect changes in body composition
due to cirrhosis when direct methods were used (40).
Clearly, for metabolic studies a multi-compartmental
approach using direct methods, such as in vivo neutron
activation analysis, dual energy X-ray absorptiometry
or deuterium oxide dilution for determination of total body
nitrogen, total body fat or total body water is a prerequisite
for accurate quantification of changes in body composition.
These methods, however, are expensive and not generally
available. Therefore, the combination of anthropometry

Conclusions. Substrate metabolism in chronic liver disease
is characterized by insulin resistance which affects glucose
transport and non-oxidative glucose disposal by skeletal
muscle, but does not affect amino acid disposal. Protein
turnover occurs at normal or increased rates with an increase in protein degradation in some patients. Metabolic
clearance and oxidaton of lipids are normal in cirrhosis.
Assessment of nutritional status
For complete assessment of nutritional status information
on energy balance, body composition and tissue function is
essential.
Energy balance. From analysis of spontaneous dietary
intake in control groups of nutritional intervention studies
it has become clear that a low intake is associated with a
poor outcome (32-35). Despite limitations of the various
methods dietary intake should be assessed. In clinical
practice a systematic dietary recall obtained by a skilled
dietitian will provide adequate information in most cases.
For metabolic studies in hospitalized patients, a food diary
should be completed, weighing the food consumed, and
appropriate tables for food composition should be used for
calculaton of proportions of different nutrients. Regarding
total energy intake, food analysis by bomb calorimetry may
be utilized as a 'gold standard' (29, 36).
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and assessment of body cell mass by an appropriate method
may serve as a useful approach (40).
Tissue function. Circulating concentrations of many visceral plasma proteins (albumin, prealbumin, retin01-binding
protein) are highly affected by the presence of liver disease,
excessive alcohol consumption and inflammatory states
(53, 54). Immune status, which is often considered a
functional test of malnutrition, may be affected by hypersplenism, abnormal immunologic reactivity and alcohol
abuse (54). At present, total lymphocyte count and CD8
cell count seem to be of prognostic value in malnourished
patients with alcoholic liver disease (55). In nutrition intervention trials, results from lymphocyte PHA stimulation
index (56) or skin anergy test (3, 35, 55, 57, 58) were
not useful for the detection of nutritional changes.
In patients with alcoholic liver disease, muscle function
as monitored by handgrip strength was an independent
predictor of outcome (55) and, therefore, tests of skeletal
muscle function that respond to nutrition (59), may be
useful also in patients with chronic liver disease.
Subjective global assessment. Subjective global assessment
(SGA) when compared with anthropometry shows an
agreement of 77% (5). SGA may prove a useful tool for
screening for malnutrition but this approach fails to provide
a sensitive quantitative measure of nutritional changes.
Composite scores. Various modifications of the protein
calorie malnutrition score (60) have been used by the
Veteran's Administration study group investigators (3, 35,
55, 57). In this scoring system, however, variables like
midarm muscle area, skinfold thickness, creatinine excretion, lymphocyte count, recall antigen testing and muscle
function have been combined with variables such as ideal
body weight or circulating levels of visceral proteins that
are of questionable value in chronic liver disease. The
prognostic nutritional index (61) was of no value in identifying cirrhotic patients at risk of complications following
liver transplantation (62).
Conclusions. At present, there is no general consensus on
which technique should be used to assess nutritional status
in patients with chronic liver disease. Composite scores
are used in clinical trials in order to maximise information.
At present, a reliable evaluation of the spontaneous nutrient
intake appears to allow selection of patients at high risk.
Accurate anthropometric measurements with expression
of the results as percentiles of age- and sex-matched healthy
volunteers probably represent an acceptable evaluation
of nutritional status for enrollment of patients into clinical
studies. More systematic studies of body composition and
tissue function are needed.
Consequences of protein-energy malnutrition for the
liver

Effect on liver morphology and function
PEM may affect liver morphology in animals although
this has not been demonstrated to any convincing degree in
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humans (63). Rats, deprived of essential nutrients, develop
liver fibrosis and, occasionally, fibrosis is observed in the
livers of children with kwashiorkor. In both cases, fibrosis
is readily reversed by administration of an adequate diet.
Obese humans subjected to total starvation, or a severely
energy deficient diet, develop transient degenerative
changes with focal necrosis (63, 64).
PEM may affect liver function. In cirrhotic patients, an
association between nutritional status and quantitatiw~ liver
function, i.e. galactose elimination capacity and caffeine
clearance, has been found by some (36), but not by all
investigators (9). Thus, in nutritional intervention trials in
cirrhotic patients, quantitative liver function tests improved
more, or more rapidly in treatment groups. This included
antipyrine (34), aminopyrine (65) and ICG clearance.. (66),
as well as galactose elimination capacity (67, 68).
Quantitative liver function tests seem to be useful for
following the effects of nutritional intervention on liver
function. They are not useful, however, for identification
of patients who will benefit from nutritional intervention,
since none of the tests can distinguish between impaired
liver function due to a reduction in functional hepatic
mass as opposed to impaired liver function secondary to
inadequate nutrition.
Conclusions. PEM impairs liver function but rarely causes
morphological alterations. Quantitative liver function tests
can be used as global indicators of functional impairment
but are not capable of separating between malnutritioninduced and disease-induced liver malfunction.

Association with clinical course

PEM is associated with an unfavourable clinical outcome.
In cirrhotic patients in general, there is an association
between nutritional status and mortality (4). Furthermore,
within Child groups A and B, there is an association
between nutritional status and mortality (7). Malnutrition
when defined by low dietary intake is associated with
high mortality (35). Malnutrition has been shown to be an
independent predictor of both the first bleeding episode
and survival in cirrhotic patients with oesophageal varices
(69). Malnutrition also is associated with the presence
of refractory ascites or the persistence of ascites (4),. Preoperative nutritional status is related to postoperative
morbidity and mortality in patients with cirrhosis (70).
In controlled trials, the rate of complications (ascites,
gastrointestinal bleeding, encephalopathy, infection and
mortality) tended to respond favourably to nutritional
intervention that successfully increased nutrient intake in
treated patients over controls (32-34, 66, 68, 71, 72).
Conclusions. Malnutrition negatively affects clinical outcome in terms of survival and complications. The relative
contribution to clinical outcome of either PEM associated
liver dysfunction or PEM associated malfunction of extrahepatic tissues cannot readily be differentiated. Ap~L from
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improvement of nutritional status and/or liver function, a
beneficial effect of nutritional intervention should be
demonstrated on clinical outcome.

(80, 81). Long-term BCAA supplementation seems to be
associated with better nitrogen accretion and liver function,
while anthropometric measures are not clearly improved
(82, 83).

Ways to influence the nutritional status in liver disease

Vegetable protein diets. Such diets do not consistently
improve nitrogen economy. The apparent increase in nitrogen retention as judged by urinary excretion apparently may
result from a nitrogen shift to increased incorporation
and elimination in fecal bacteria (84).

Tools and strategies to influence nutritional status
Nutritional status can be influenced by manipulations in
the delivery of macro- and micronutrients with regard to
composition and quantity in order to ensure an adequate
supply with nutritious substrates. Secondly the regulation
of substrate metabolism may be modified by use of special
substrates and/or mediators or hormones. In another strategy,
poor nutrient intake due the loss of appetite could be
corrected by modifiers of the central nervous regulation
of appetite. Effective treatment of anorexia certainly would
have a major impact on nutritional state and prognosis
of these patients (35). At present, however, it is not known
which mechanisms are involved in the loss of appetite in
cirrhotic patients.
Nutritional intervention by means of increased nutrient
supply, modified eating patterns or administration of nitrogenous substrates such as branched chain amino acids
(BCAA) can improve a number of static variables of nutritional status such as nitrogen balance, serum protein
concentrations, anthropometric measures, or mortality (29,
33-36, 57, 73). Other investigators have studied the effect
of nutritional interventions on dynamic variables such as
substrate utilisation, energy expenditure and extra-hepatic
tissue function (17, 55, 74-79), and their observations are
discussed elsewhere in this paper.

Conclusion. Nutritional status may be influenced by altering
substrate availability, use of special substrates, manipulation of metabolic regulation or treatment of anorexia.

Nutritional intervention
All patients who are eating not enough to cover their
estimated/measured caloric needs should be offered systematical nutritional/dietary surveillance, advice and therapy
aimed at provision of adequate nutrient intake. All interventions by dietary counselling or nutritional supplementation
require cooperative and willing patients.

Eating pattern. A modified eating pattern with four to
seven small meals including at least one late evening meal
improves nitrogen economy and substrate utilisation in
stable cirrhotic patients (73, 78).
Dietary supplements. Oral supplementation may provide
the patient with the desired amount of a particular substrate, while permitting the continuation of an oral diet.
Short-term supplementation with BCAA enables proteinintolerant patients with cirrhosis to attain positive nitrogen
balance without increasing the risk of encephalopathy

Artificial feeding. Many malnourished cirrhotic patients
are anorexic and cannot meet their nutrient requirements
by oral intake 'ad lib'. This has been demonstrated in
intervention trials when artificial feeding by use of liquid
formulae proved to be more effective in providing adequate
amounts of nutrients than normal oral nutrition 'ad lib'.
Moreover, in patients with predominantly alcoholic liver
disease the magnitude of daily caloric intake in general is
positively correlated with survival (35).
Intervention by enteral nutrition using liquid formulae
to supplement spontaneous oral nutrition is associated with
improved survival and liver function (33-35, 57). Improvement of nutritional state, however, is not attained unequivocally when judged by improvement in serum proteins
(albumin, transferrin, retinol binding protein), immunoreactivity (lymphocyte count, recall antigen test) and anthropometric variables (32-35, 57). In these trials, a protein
intake of up to 1.3-1.5 g.kg-l.d -1 was tolerated by many
patients without adverse effects on mental state (33-36, 57,
77, 79, 85).
Tube feeding. The decision, when to initiate tube feeding
is debated. While tube feeding yields superior results over
'ad lib' oral feeding due to inadequate voluntary intake
(33, 34), others are hesitant because of the risk of variceal
bleeding. From the evidence of published trials, however,
there is no suggestion that enteral tube feeding increases
the incidence of variceal bleeding (33, 34). Slow or intermittent gastrointestinal (GI) bleeding is not an absolute
contraindication to enteral feeding. In any case, patients
must not be fasted and thus the introduction of tube feeding
should not be delayed.
There is no general agreement as to whether enteral
feeding should be intermittent (common clinical practice) or
continuous (33, 34). Liquid enteral formulae for cirrhotic
patients should preferably be of high energetic density
(1.5 kcal/ml) with a low sodium content (40 mmol/d) so
that they can be used in patients with fluid retention (33).
Questions like optimal composition of non-nitrogenous
caloric substrates or the nutritional efficacy of increased
BCAA content in patients without encephalopathy have not
been adressed in controlled trials.
Parenteral nutrition. Parenteral nutrition should be reserved
for those not capable or willing to participate in oral nutrition or enteral tube feeding. Regarding energy and nitrogen
provision the same guidelines should be followed as given
for enteral nutrition.
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Liver-adapted amino acid solutions. Solutions with an increased content of BCAAs (40-45%) and reduced amounts
of aromatic amino acids and methionine have been introduced for the treatment of patients with liver disease (86).
While they may have some value in the treatment of hepatic
encephalopathy (vide infra) they have no documented effect
on nutritional state. In some countries 'coma-solutions' are
marketed containing only BCAAs and other compounds
believed to be effective in hepatic encephalopathy. These
are unbalanced solutions and not recommended as a
nitrogen source for parenteral nutrition.
Special substrates. Ammonia lowering compounds such
as arginine, ornithine-aspartate or ornithine-o~-ketoglutarate
have no effect on the nutritional status of patients with liver
disease. Likewise, the nutritional value of special substrates
like glutamine, nucleotides or co-3-fatty-acids and of 'supernutrients' such as phosphatidylcholine or S-adenosyl-Lmethionine remains to be established.
Micronutrients. Apart from correcting established nutritional deficiency states no effect on nutritional state is
obtained by administration of the micronutrients zinc,
selenium, vitamin A/carotenoids, or vitamin E/tocopherols.
Both, vitamin A and zinc supplementation, however, may
indirectly alter nutritional state by improving gustatory
function (87, 88) and thereby probably also volitional food
intake. Also, hepatic urea production capacity has been
shown to increase following oral zinc supplementation
when accompanied by normalization of previously low
plasma zinc levels (89). Since trace element deficiency may
be difficult to diagnose, oral supplementation may be
instituted liberally. In chronic cholestasis supplementation
with fat soluble vitamins either by parenteral route (Vitamin
ADEK) or orally using d-a-tocopheryl polyethylene glycole
100 succinate (TPGS) as a vehicle for vitamines E and D
(90, 91) can prevent or correct deficiency states.
Anabolic hormones. Only moderately malnourished patients
may benefit from anabolic steroids such as oxandrolone
(40-80 mg/day) provided their caloric intake is adequate,
whereas in severely malnourished patients this regimen is
not effective (35).
Growth hormone (GH) has been successfully given for
promotion of protein accretion, prevention of loss of intracellular water, and improvement in clinical outcome of
patients with gut, renal, or pulmonary failure (92-95). In
patients with cirrhosis, plasma levels of GH and IGFBP-1
are elevated, whereas IGF-1 and IGFBP-3 levels are decreased (96-98) suggesting possible GH resistance (99).
Data from preliminary trials in patients given GH document
an increase in IGF-1 and IGFBP-3 in patients with cirrhosis
but no change in liver function, body weight or body mass
index (100).
Intravenous IGF-1 (a potent mediator of biologic GH
effects) promotes protein anabolism as efficiently as subcutaneous GH in human volunteers made catabolic by
caloric restriction (101). No data are available yet on the
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effects of IGF-1 on nutritional state in cirrhotic patients,
although it is not clear as to whether this compound will
be available in the near future because of its side-effects.
Conclusions. Nitrogen economy can be improved !in the
majority of patients by frequent small meals and by special
dietary supplements in those who are intolerant of protein.
Nutrient intake can be increased by supplemental enteral
nutrition and nutrient intake can be ensured by tube or
parenteral feeding. Anabolic steroids may improve nutritional state, but only in moderatly malnourished cirrhotics
who also receive adequate oral or enteral nutritional supplementation. The role of anabolic hormones GH and IGF-1
remains to be established.

Effect of nutritional therapy on outcome

Oral diet
In general, patients with liver disease tolerate a normal diet.
The majority of patients do not need any dietary restrictions
and they may even be harmed by them. A decrease in
dietary fat may be useful to reduce symptoms of steatorrhea
in patients with cholestatic liver disease, but it is associated
with the risk of inadequate energy intake and is not
supported by appropriate clinical trials.
If patients are able to eat more than 70 g protein.d-1
without deterioriation of mental status, no modification
of their diet is necessary or effective. The definition of intolerance to dietary protein, however, depends on the methods
used to document changes in mental status. In patients
with borderline protein intolerance (60-70 g protein.d-1) a
vegetable diet (102, 103), or a diet rich in fibre (84) may
help to prevent hepatic encephalopathy.
Salt restriction is of potential value in patients with
ascites not responding to diuretic treatment.
Supplements to oral nutrition
Supplementation of a normal oral diet is necessary only
when daily requirements of energy, protein, electrolytes,
trace elements or vitamins are not met by actual intake.
Energy. At present, it can safely be assumed that patients
with compensated cirrhosis do not require modification
of their intake of non-nitrogenous substrates. In patients
with severe hepatic insufficiency, frequent carbohydrate
feedings may help to avoid hypoglycemia and counteract
the metabolic situation of advanced liver failure (104).
Protein. Besides pharmacological methods to improve
mental status (disaccharides, antibiotics) supplementation
of a low protein diet with BCAA may be useful. Patients
with stable cirrhosis improved in psychometric testing
when their normal diet was supplemented with BCAA
(0.25 g.kg-l.d -1) rather than with isonitrogenous amounts
of casein (82, 83). It is unclear what minor improvements
of psychometric tests mean for the quality of life of

48

ESPEN GUIDELINES FOR NUTRITION IN LIVER DISEASE AND TRANSPLANTATION

patients. Patients with abnormal psychometric tests may do
quite well when their performance in daily life is tested
(105).
In patients intolerant of a daily protein intake of
1.0 g.kg-l.d -1 dietary protein may need to be reduced to
an intake of 0.5 g-kg-l.d-I, but this should be avoided at
all cost. In this situation, positive nitrogen balance and
improvement in nitrogen intake can be achieved by oral
supplementation of BCAA at 0.25 g.kg -l.d -1 without undue
risk of encephalopathy (80-82). It should be recognized,
however, that protein intolerance may present as a transient
phenomenon and that patients may later be tolerant of a
higher protein intake when the increment in daily dietary
protein has been slow (106). Generally, periods of protein
restriction should be kept as short as possible.

Micronutrients, electrolytes. While an association between
encephalopathy and zinc defidiency could be demonstrated
(107, 108), three randomized controlled trials of oral
supplementation (600 mg zinc daily) produced conflicting
results in patients with subclinical encephalopathy (109111). Improved zinc status, however, may be associated
with improvement of liver function as discussed above.
Supplementation with calcium and vitamin D has been
recommended for treatment of patients with osteopenia
in chronic liver disease, although these measures failed
to improve bone mineral density in patients with primary
biliary cirrhosis; estrogen replacement was more effective
(112, 113).
Conclusion. Supplements to oral nutrition are of value in
the small subgroup of protein-intolerant patients (BCAA)
and in patients with documented deficiencies of micronutrients (zinc, vitamin A).
Enteral nutrition
There are several controlled trials of enteral nutrition
involving a substantial number of patients (32-34, 57,
114-116) with predominantly or exclusively alcohol related
liver disease. Most patients had either stable liver disease
or acute alcoholic hepatitis, but no patients were proteinintolerant and protein restriction was not necessary.
Since many patients had reduced volitional oral intake,
the observed beneficial effects seem to be arisen because
energy and nitrogen intake increased in the treatment
groups. No information is available on the effects of enteral
nutrition in patients with non-alcoholic liver disease.
In general, the observed results reflect effects of nutritional supplementation in treatment groups. A significant
effect on mortality was observed only in association with
longer nutritional support (> 3 weeks) and low spontaneous
nutrient intake (33). In addition, in a trial comparing
oxandrolone with placebo a drug effect was only observed
when adequate nutrition was provided (35). Beneficial
results have been obtained with standard as well as with
BCAA-enriched formulae and therefore standard formulae
may be used except in cases of protein intolerance.

Conclusions. Supplementary enteral nutrition is of documented value in cirrhotic patients resulting in an improvement in nutritional status and possibly mortality. Liver
function as well as hepatic encephalopathy may improve.
Parenteral nutrition in patients with alcoholic hepatitis
Parenteral nutrition using conventional amino acid solutions
has been given as a nutritional supplement in addition to
oral nutrition ad lib in seven controlled trials. Parenteral
energy and nitrogen supply were in the range of 2003000 kcal.d -1 and 35-130 g protein-d-1, while oral intakes
ranged from 13 to 39kcal.kg-1.d -1 (58, 66-68, 71, 72,
115-118).
Using this approach, mortality remained unaffected most
likely due to the inclusion of patients with only moderately
severe disease. No detrimental effects of the increased
nitrogen intake were observed as far as neuropsychiatric
status was concerned, although this was not optimally monitored. Improvement in visceral protein status was demonstrated by a majority of studies. Also, an improvement
in liver function (galactose elimination capacity, serum
bilirubin) was found.

Conclusions. Parenteral nutrition provides a useful therapeutic option for the treatment of malnutrition in alcoholic
hepatitis patients not suitable for or not tolerating enteral
nutrition. It seems to have a beneficial effect on liver function, but in these patients studied it is difficult to separate
the effects of nutritional therapy from those of cessation
of alcohol abuse and liver disease. There are no published
randomized trials comparing enteral vs parenteral nutrition
in patients with alcoholic hepatitis or cirrhosis.
Perioperative parenteral nutrition in chronic liver disease
Patients with stable cirrhosis probably do not need any
specific treatment preoperatively, but no well-designed
prospective studies are available which have addressed
this topic. Malnourished cirrhotic patients undergoing
non-shunt laparotomy are at higher risk of postoperative
complications including death than those who are not
malnourished (119). In cirrhotic patients undergoing hepatic
resection, esophageal transection with splenectomy or
distal splenorenal shunting procedures no difference in the
frequency of encephalopathy was observed during 14 days
postoperative parenteral nutrition with a conventional or
a BCAA-enriched solution (120).
In patients having surgery for hepatocellular cancer
pre- and postoperative parenteral nutrition has a beneficial
effect on mortality and nutritional status as assessed by
visceral protein concentrations (56). More detailed information on liver function and mental state were not available
and it should be noted, that only 10% of the patients were
malnourished. The treatment group received parenteral
nutrition with increased BCAA-content whereas controls
received isotonic glucose and electrolyte solutions.

Conclusions. Cirrhotic patients benefit from immediate
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postoperative nutrition and, in the absence of encephalopathy, there is no need to use BCAA-enriched rather
than conventional amino acid solutions. Most likely, early
enteral nutrition may be at least as effective as parenteral
nutrition, but this has not been formally investigated.

of fat soluble vitamins. At present, only the role of vitamin
D has been investigated to any greater extent as referred
to in the section on supplements. In the presence of
vitamin deficiency the respective vitamins should be given
parenterally.

Parenteral nutrition in cirrhosis

Nutrition in liver transplantation

Compensated cirrhosis. If patients with compensated
cirrhosis require parenteral nutrition then this can be
supplied by standard solutions.

Impact of preoperative nutritional status on outcome of
liver transplantation

Cirrhosis with encephalopathy. Most of the controlled
studies performed 10-15 years ago adressed the question of
the value of BCAA in the treatment of hepatic encephalopathy (121-127). Their results are conflicting (for review
see 128). Studies cannot be compared directly because of
differences in design, patient selection, treatment schedules
and study endpoints. The effect on hepatic encephalopathy
is not readily discernable if complications of cirrhosis
such as GI bleeding, sepsis, or renal failure are present
which determine the final outcome. A meta-analysis (129)
found a trend in favour of beneficial effects of BCAAenriched solutions on hepatic encephalopathy, but the
authors concluded that more and better designed studies
are needed to definitively prove or disprove the role of
this treatment. From these short-term interventional studies
no meaningful data regarding the effect of BCAA-enriched
solutions on nutritional status or liver function are available.
Less information is available on the optimal formulation
and composition of the energy-yielding substrates carbohydrate and fat. In certain patients, the increase in fat intake
to cover 50% of non-protein calories may aid in reaching an
adequate energy intake.
Conclusions. Adequate nutrition per se counteracts hepatic
encephalopathy; parenteral nutrition is only indicated, when
oral or enteral nutrition (including tube feeding) is not
possible. BCAA may improve mental state in patients with
hepatic encephalopathy provided that liver function does
not further deteriorate and major clinical complications
are absent. The improvement of encephalopathy by BCAA
is not necessarily a result of better nutrition alone. The
use of BCAA-enriched solutions has no effect on survival.
Parenteral nutrition in fulminant hepatic failure
There are no controlled studies in these patients. It is unknown whether such patients can appropriately metabolize
amino acids or fat at all. Glucose administration is mandatory to prevent or treat hypoglycemia. In clinical practise,
plasma levels of lactate, glucose and triglycerides may be
used as a guide to monitor substrate utilisation.

Chronic cholestasis
From the point of nutrition, the basic defect in these conditions is impaired fat digestion and impaired absorption

Malnutrition is uncommon in individuals transplanted for
fulminant hepatic failure, whereas it is often observed in
those suffering from advanced chronic liver disease (62,
130, 131). Subjective global assessment of variables such
as muscle wasting, loss of subcutaneus fat, dietary intake,
and functional capacity and physical activities have been
recommended for assessing nutritional state in transplant
candidates (132, 133). Composite scores to identify high
risk patients have been used with some success in one (130)
but not in another study (62). In one large study bioelectrical impedance analysis was used to estimate body
cell mass and fat free mass and in a subgroup of patients
body cell mass was also determined by total body potassium
counting showing a close correlation to fat free mass values
obtained by BIA (9).
From these studies it can be concluded that poor nutritional state before transplantation is associated with prolonged stay in intensive care unit, on respirator therapy and
in hospital and with increased mortality (9, 130, 133, 134).
Also, hypermetabolism prior to transplantation seems to
be associated with the persistence of hypermetabolism and
an unsatisfactory course postoperatively (135). Judging
from answers to a questionnaire European transplant centers
do not regard malnutrition per se as a general contraindication to liver transplantation, since in cirrhosis it is part
of the spectrum of clinical manifestations of the disease.
In malnourished children, growth, in terms of height and
body weight, prior to transplantation was observed only in
those on oral BCAA supplementation but not in controls
(136). In view of these findings, it would be desirable
to have more information on the efficacy and impact of
nutritional support prior to transplantion.

Conclusions. Malnutrition is not a contraindication to transplantation but may negatively affect outcome. Systematic
evaluation of the effects of nutritional intervention prior
to elective transplantation is needed with regard to substrate
metabolism, body composition and clinical outcome.
Postoperative nutrition in liver transplantation
Reilly and colleagues (137) compared the effects of two
parenteral nutritional regimens using either a standard or
a BCAA-enriched amino acid solution with isotonic electrolyte or glucose infusions in postoperative transplant
patients. Both groups of patients, who also received parenteral nutrition, had a better outcome in terms of shortened
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ventilator and intensive care treatment than those without
nutritional support and there was no difference between
those receiving a standard and those receiving a BCAAenriched solution.
Hasse and colleagues (138) compared early enteral
feeding, commenced at 12h after transplantation, with
conventional intravenous electrolyte solutions until oral
feeding was started. Significantly fewer viral infections and
better nitrogen retention were found in patients who were
enterally fed. Most frequently, nasogastric feeding tubes
are used, but jejunostomy tubes, placed at the time of
transplantation have been used without undue risk of
serious complications (139).
Direct comparison of parenteral and early enteral nutrition revealed comparable efficacy of both strategies with
regard to provision of nutrients and nutritional state on
postoperative day 10 (140). At present, it may be concluded
that early postoperative enteral nutrition is well tolerated
(138, 140, 141) and may reduce complication rates and
cost (140).
Considering long-term results, protein turnover seems to
decrease but not normalized 12 months after transplantation
(142). At that time body composition analysis reveals a
decrease in total body water, an increase in total body fat
but no change in body cell mass (135, 142). Despite supposedly normal dietary intake, excessive weight gain and
hypercholesterolemia were observed within the first 18
months after transplantation (143, 144). This has been
attributed to obesity prior to transplantation as well as to
changes in energy expenditure and disturbance in cholesterol metabolism by immunosuppressive agents such as
cyclosporine (143, 144). Therefore, after transplantation
long-term metabolic and dietary evaluation and counseling
may prove useful.

Conclusions. Early postoperative nutrition is clearly beneficial following liver transplantation in terms of morbidity.
Nutrition should be given preferably by the enteral route
as early as possible. Few data are available on substrate
metabolism and body composition from long-term followup after transplantation.
Substrate requirements
Energy. In general, non-protein energy requirement in
the graft recipient does not differ from other patients with
abdominal surgery (145) and can be estimated from Harris
and Benedict's equations (37) using ideal body weight plus
30% (141, 146). At present, there are insufficient data
to delineate special patterns of substrate requirement and
utilisation unique to patients with a liver graft. Some
authors have used indirect calorimetry in the pre- and
post-transplant period to estimate substrate requirements
with particular regard to impairment of glucose utilization
and compensation by fat emulsions (9, 141). In clinical
practice, adequate substrate utilisation may be monitored
by determination of glucose, lactate, and triglyceride
levels in serum. In the early postoperative period glucose

metabolism may be disturbed and insulin resistance may
be observed. In preoperatively nondiabetic patients hyperglycemia should be treated by reducing glucose administration since in the presence of insulin resistance high
doses of insulin fail to improve glucose oxidation (147).

Protein. Grafted patients may exhibit considerable nitrogen
losses with a persistantly negative nitrogen balance for
28 days postoperatively (146); therefore, protein or amino
acid requirements may be increased. In reported trials, however, a protein or amino acid intake of 1.0-1.5 g-kg-l.d-1 has
been used (133, 137), which does not differ from recommendations for surgical patients in general. Monitoring
of postoperative urinary urea excretion may help to
determine actual nitrogen requirement. There seems to be
no advantage in using BCAA-enriched amino acid solutions
over conventional amino acid solutions (137).
Micronutrients and electrolytes. At present, no recommendations can be given on the basis of published trials.
Caution should be exerted when attempting to rapidly
correct chronic hyponatremia because of the risk for pontine
myelinolysis (148). Magnesium levels should be monitored
to look for cyclosporine or tacrolimus induced hypomagnesemia (149).
Conclusions. With the exception of potentially elevated
nitrogen requirements transplanted patients do not differ
from surgical patients in general with regard to macronutrient requirements. Micronutrient and electrolyte status
should be monitored in order to identify and correct
deficiency states.
Requirements and recommendations
Energy and substrate requirements
Energy. Measured energy expenditure has been found
increased over controls (38, 150, 151) or predicted values
(9, 152) in patients with cirrhosis who therefore have
been classified as hypermetabolic. But this is not a uniform
finding since hypometabolism as well as normometabolism
have been observed in patients with cirrhosis (9-11, 17, 39,
150, 152). The diagnosis and the degree of hypermetabolism, however, are highly dependent not only the reference
population (controls or predicted values), but also on
the expression of energy expenditure in relation to either
body weight (ideal, actual, or 'dry' weight), fat free mass
or body cell mass and this is discussed in detail elsewhere
(52, 153). When related to predicted energy expenditure
among stable cirrhotics a subgroup of 15-20% may be
considered as hypermetabolic, 25-30% as hypometabolic
and the large majority as normometabolic (9, 152). Hypemetabolism may be an indicator of a high risk population
characterized by more severe malnutrition, greater hemodynamic abnormalities and a poorer outcome after transplantation (52, 135) and, therefore, the diagnosis should
be based on a sound assessment of body cell mass as a
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major determinant of energy expenditure (153). Increased
resting energy expenditure has also been observed during
complications of liver disease, such as acute hepatic failure
(154), high volume ascites (39), or presence of hepatoellular
carcinoma (155).
Total energy expenditure in cirrhosis has been determined only occasionally and increased requirements appear
to be offset by reduced physical activity. Diet-induced
thermogenesis has been found normal in cirrhotics (15, 17,
156) and energy requirements for physical activity do not
seem to be increased (157, 158).
Although resting energy expenditure is difficult to predict
in patients with clinically stable liver cirrhosis, for practical
purposes energy requirement may be calculated from the
Harris and Benedict equation (52).
Protein. In clinical intervention trials protein or amino

acids were given in amounts of 0.6-1.2 g.kg-l.d -1 in
patients with cirrhosis and severe encephalopathy (129) and
0.5-1.6 g.kg-l.d-1 in patients with alcoholic hepatitis or
cirrhosis with or without low grade encephalopathy (32-34,
57, 58, 66-68, 71, 72, 117, 118). In only a few studies,
however, were protein requirements assessed systematically. From these findings, patients with stable cirrhosis
appear to have increased protein requirements of
1.2 g.kg-kd -~ to maintain nitrogen homeostasis as opposed
to 0.8 g-kg-l.d-1 in normal individuals (29, 36, 106). The
reasons for this phenomenon are not yet clear, but the
increased protein requirement seems to be due to increased
whole body protein degradation which may be due to low
plasma levels of IGF-1 (159, 160).
Micronutrients. Deficiency of fat-soluble vitamins is ob-

served in patients with steatorrhea due to cholestasis and
bile salt deficiency und in alcohol abusers (112, 161). A
depletion in water soluble vitamins is not uncommon
in cirrhosis, particularly in alcohol induced cirrhosis
(162, 163).
Zinc and selenium deficiency has been observed in
both alcoholic and non-alcoholic liver disease (164-166)
and may be associated with neurological symptoms (167).
The causes are multiple: reduced dietary intake, malabsorption, increased metabolic demands, impaired conversion
of vitamins into their active forms and reduced hepatic
storage.
Conclusions. In patients with clinically stable chronic liver
disease energy requirements are similar to healthy subjects.
Energy expenditure is increased in patients with cirrhosis
and complications. Protein requirements are increased in
patients with cirrhosis. Micronutrient deficiencies are not
uncommon in cirrhosis, but no data on requirements are
available in this patient group.
Recommendations

In patients with chronic liver disease nutritional therapy
is of documented value in those with malnutrition who
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are failing to maintain an adequate oral nutrient intake.
Generally, nutrition should be provided by the oral or
the enteral route. Parenteral nutrition should only be used
when enteral feeding is not possible or impractable. For
parenteral nutrition energy should be provided by glucose
and fat in a ratio of 65-50 : 35-50% of non-protein calories.
Parenterally administered fat is cleared from the blood and
utilized efficiently by the majority of patients with cirrhosis
(23, 24); MCT/LCT emulsions are well tolerated in transplanted patients (168). As a standard, nitrogen should be
provided by conventional amino acid solutions for parenteral nutrition or high quality protein for enteral feeding
in amounts to meet requirements as outlined above.
Recommendations for various clinical conditions are
summarized in the Table. In patients with clinically stable
cirrhosis, available data on energy and nitrogen balance
suggest a recommended intake for maintaining body composition of 1.3 x REE or 25-30 kcal.kg-l.d-1 non-protein
energy plus 1.0-1.2 g.kg-l-d-1 of protein. In malnourished
patients requiring repletion, intakes should be higher.
According to the intervention studies available, malnourished patients who have an inadequate dietary intake
and are at risk of fatal complications of liver cirrhosis
(infection, bleeding, etc) should receive nutritional support.
In the studies suggesting a positive effect on liver function and clinical outcome, non-protein energy was given
in amounts of 35-40 kcal-kg-l-d-1 plus protein of up to
1.6 g.kg-l.d -J. In these patients, low grade encephalopathy
(I-II) should not be considered a contraindication to
nutritional support including an adequate protein supply.
In patients with encephalopathy as their main problem,
other precipitating causes should be excluded before
considering the patient protein-intolerant. Transient protein
restriction can be instituted, but after a few days adequate
nutrition should be reinstituted. In proven protein-intolerant
patients, oral BCAA-supplementation may be helpful in
Table Nutrition in chronic liver disease - recommendations of the 1997
ESPEN consensus group
Clinical condition

Non-protein energy
kcal.kgl-d 1

Protein or amino acids
g.kg-l.d -I

Compensated cirrhosis

25-35

1.0-1.2

35-40

1.5

25-35

Transiently 0.5,
then 1.0-1.5 if protein
intolerant: vegetable
protein or BCAA
supplement

25-35

0.5-1.2
BCAA-enriched
amino-acid solution

Complications
Inadequate intake
Malnutrition
Encephalopathy I-II

Encephalopathy III-I¥

Generally, the oral or enteral routes are preferred.
Parenteral nutrition should only be used when enteral feeding is not
possible or impractable. For parenteral nutrition energy should be
provided by glucose and fat with fat constituting 35-50% of non-protein
calories. Nitrogen should be provided using conventional amino acid
solutions unless indicated otherwise. For calculations ideal body weight
should be used.
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a c h i e v i n g an a d e q u a t e n i t r o g e n intake. V e g e t a b l e p r o t e i n
can

also b e tried, but the risk o f i n a d e q u a t e p r o t e i n

a s s i m i l a t i o n s h o u l d b e k e p t in m i n d .
P a t i e n t s in c o m a ( e n c e p h a l o p a t h y I I I - I V °) can safely
b e g i v e n T P N r e g i m e n s p r o v i d i n g 2 5 - 3 0 k c a l - k g - t . d -1 n o n p r o t e i n e n e r g y plus 1.0 g . k g - l . d 1 u s i n g B C A A - e n r i c h e d
a m i n o acid solutions.
In a d d i t i o n to the clinical c o n d i t i o n s g i v e n in the Table, it
also s e e m s a d v a n t a g e o u s to a d m i n i s t e r p o s t o p e r a t i v e nutrition to p a t i e n t s u n d e r g o i n g m a j o r surgery, i n c l u d i n g transplantation. F a s t i n g p e r i o d s s h o u l d n o t e x c e e d 6 h due to the
l i m i t e d g l y c o g e n stores in m a l n o u r i s h e d cirrhotic patients.
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