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Nutritional status has been shown to be an important
prognostic factor in patients with end-stage liver dis-

ease undergoing liver transplantation (1-7). In these pa-
tients, malnutrition may be related to poor nutritional
intake, malabsorption and liver disease itself. Muscle wast-
ing, fat store depletion, impaired immunological function,
and decreased vitamin and trace element serum levels may

influence patient outcome by prolonging catabolic state, in-
creasing risk of septic complications, and causing long term
weaning and intensive care unit stay (8,9). However, there
are no detailed clinical guidelines and recommendations with
regard to the perioperative nutrition of the liver transplant pa-
tient. Only limited data from controlled studies are available,
which may well be attributed to transplant units placing a
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MINI-REVIEW

A Weimann, M Plauth, SC Bischoff, ER Kuse. Nutrition of liver
transplant patients. Can J Gastroenterol 2000;14(Suppl D):
85D-88D. Good cooperation between the hepatologist, surgeon
and anesthesiologist is required to determine the appropriate pe-
rioperative nutritional management for the liver transplant pa-
tient. For preoperative risk stratification, nutritional assessment
according to resting energy expenditure by indirect calorimetry,
and body cell mass by bioelectrical impedence analysis, may be su-
perior to anthropometric parameters. When considering impaired
glucose tolerance in the early postoperative period, requirements
of energy intake and macronutrients are no different from those es-
tablished in major abdominal surgery. Preference should be made
to use the enteral route whenever possible. Fat emulsions contain-
ing medium- and long-chain triglycerides have neither a negative
impact on reticulo-endothelial system recovery of the graft, nor
any obvious metabolic advantages. There is no evidence for the
routine use of branched-chain amino acids. Even in the case of
good graft function, long term dietary evaluation and counselling
may be useful. Impaired glucose tolerance, hyperlipidemia and hy-
percholesterolemia should be considered carefully. The role of
preoperative nutritional therapy using oral supplements and the
value of immune-enhancing substrates should be evaluated with
special regard to a decrease in postoperative septic complications
and for possible impact on immune tolerance after transplanta-
tion.
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La nutrition chez les greffés du foie
RÉSUMÉ : Il faut une bonne coopération entre l’hépatologue, le chirur-
gien et l’anesthésiste pour déterminer quel sera le traitement nutritionnel
approprié chez le greffé du foie. Pour la stratification du risque préopéra-
toire, l’évaluation nutritionnelle periopératoire calculée en fonction des
dépenses énergétiques au repos mesurées par calorimétrie indirecte et de la
masse cellulaire de l'organisme mesurée par analyse de l’impédance bio-
électrique pourrait être préférable aux paramètres anthropométriques.
Lorsque l’on tient compte de l’intolérance au glucose au cours de la période
postopératoire immédiate, les exigences énergétiques et en macronutri-
ments ne diffèrent pas de celles qui sont fixées pour une intervention abdo-
minale majeure. On préférera la voie entérale dans la mesure du possible.
Les émulsions graisseuses renfermant des triglycérides à chaîne intermé-
diaire et longue n’exercent pas d’impact négatif sur le rétablissement du sys-
tème réticulo-endothélial du greffon et n’offrent aucun avantage
métabolique clair. Rien ne milite en faveur de l’utilisation d’emblée d’acides
aminés à chaîne ramifiée même dans le cas du bon fonctionnement du gref-
fon, une évaluation et un counselling diététiques à long terme pourraient
être utiles. Il faut tenir compte de l’intolérance au glucose, de l’hyperlipidé-
mie et de l’hypercholestérolémie. Le rôle du traitement nutritionnel préopé-
ratoire à l’aide de suppléments oraux et l’utilité de substrats stimulant
l’immunité doivent être évalués et une attention particulière doit être accor-
dée à la prévention des complications septiques postopératoires et à un im-
pact possible sur l’immunotolérance après la transplantation.

 



higher priority on prospective clinical trials investigating im-
munosuppressive drugs. This review presents the available
data from prospective randomized controlled trials (A); well-
designed, nonrandomized, prospective retrospective studies
(B); and the clinical practice in 16 experienced European
transplant units that was evaluated by a questionnaire in
1996 (10) and the consensus statement of the European So-
ciety for Parenteral and Enteral Nutrition and Metabolism
(ESPEN) (11) (C).

MALNUTRITION AS A RISK FACTOR
To improve the outcome of liver transplantation, it has been
proposed that candidates should be selected according to nu-
tritional state (3). However, the European questionnaire re-
veals an agreement that a bad nutritional state per se reflects
the severity of liver disease but should not be considered a
reason to exclude candidates (10). Several authors have sug-
gested criteria to identify candidates at high risk (B) (Table
1): subjective global assessment (7,12,13); anthropometric
parameters (5,6,9); and resting energy expenditure and body
cell mass as determined by bioelectrical impedance analysis
(4). For hypermetabolism and reduced body cell mass, a di-
rect correlation with survival after transplantation could be
shown, while ascites, clinical edema and the Child-Pugh
score had no prognostic value (4). Although risk stratifica-
tion is possible, most transplant units have no standardized
pretransplant nutritional protocol (10). To date, only one
prospective controlled trial has focused on the possible benefit
of supplemented nutrition before transplantation. Chin et al
(14) performed a crossover study in 19 children, administer-
ing nasogastric infusions with a branched-chain, amino acid
(BCAA)-enriched formula versus an isonitrogenous and iso-
caloric standard formula for 28 days. In the BCAA group,
there was a significant improvement in weight and height, an
increase in mean arm circumference and subscapular skin-
fold thickness, and an increase in total body potassium,
while no significant changes were observed in the control
group. Clearly, these data demonstrate that nutritional

status can be improved before transplantation, at least in
children (A).

EARLY POSTOPERATIVE PERIOD
In the early postoperative period, graft function is primarily
related to donor conditions and preservation and/or reperfu-
sion injury. Graft steatosis is common and is accompanied by
disturbances in energy metabolism. Glucose oxidation and
the tricyclic acid cycle may be inhibited. Ketogenesis is not
accelerated, although more free carnitine is produced (15,16).
Regarding substrate utilization, impaired glucose tolerance
should be expected. Therefore, early administration of lipids is
recommended (B) (15).

Reilly et al (17) demonstrated the value of postoperative
total parenteral nutrition (TPN) by comparing no support
versus isocaloric and isonitrogenous TPN with standard
amino acids and BCAA, respectively. TPN patients had a
significantly better nitrogen balance and a shorter length of
stay in the intensive care unit (A). Wicks et al (18) pro-
spectively compared enteral feeding and TPN. Enteral nu-
trition was started within 18 h after transplantation via
nasojejunal tubes. No difference was shown concerning an-
thropometric parameters, intestinal function and infectious
complication rate, and the authors concluded that enteral
feeding was just as effective at maintaining nutritional status
as TPN (A). Hasse et al (19) found beneficial effects of early
enteral nutrition comparing enteral nutrition versus par-
enteral electrolyte solutions (A). While the nonisocaloric
regimen has to be discussed critically, the nitrogen balance
was significantly better on postoperative day 4 in the tube-
fed group. Furthermore, viral infections occurred in 17.7% of
control patients compared with none of the tube-fed pa-
tients (P<0.05). No difference was found for resting energy
expenditure, overall infection rate, rejection rate, hours on
the ventilator, length of stay in intensive care unit or hospi-
tal, hospital costs and rehospitalization rate. In common
practice, most transplant units perform a combination of
parenteral and enteral nutrition (C). Nasoduodenal and na-
sojejunal tubes are preferred for the enteral route (C). Pesco-
vitz et al (20) retrospectively showed in 108 patients that
jejunostomy tubes can be safely placed during transplanta-
tion, carrying a low risk for serious complications (B). Nev-
ertheless, complications occurred in 16 patients (14.8%)
and resulted in six laparotomies.

Plevak et al (21) prospectively investigated caloric and
protein requirements. No increase of resting energy expendi-
ture above preoperative values was found. However, there
was a persistent catabolic state, with a significant increase
of urinary nitrogen and 3-methyl-histidine excretion after
transplantation, and a negative nitrogen balance up to
postoperative day 28. Therefore, caloric intake using the
Harris-Benedict equation at ideal body weight plus 20%, and
1.2 g protein/kg of body weight/day, was recommended (B).
This is in line with the common practice in European trans-
plantation units. Many centres prefer BCAA-enriched amino
acid solutions as well as fat emulsions containing medium-
chain triglycerides (MCT) and long-chain triglycerides

86D Can J Gastroenterol Vol 14 Suppl D November 2000

Weimann et al

TABLE 1
Identification of high risk liver transplant candidates

Assessment Reference

Subjective global assessment Pikul et al (7), Hasse et al (13)

Anthropometric measurements

Midarm circumference Harrison et al (6)

Triceps skin fold DiCecco et al (9)

Children: Z-score (x-x/SDx) for
height and weight

Moukarzel et al (3)
Roggero et al (5)

Indirect calorimetry

Resting energy expenditure
(increase >20%)

Selberg et al (4)

Bioelectrical impedance analysis

Body cell mass (BCM <35% BW) Selberg et al (4)

BW Body weight

 



(LCT). With regard to the use of BCAA, no significant ad-
vantage was found by Reilly et al (17) versus standard amino
acids (A). Kuse et al (22) measured postoperative reticulo-
endothelial system function and showed that fat emulsions
containing MCT and LCT have no negative impact on
reticulo-endothelial system recovery (A). Recently, Delafosse
et al (23) compared administration of LCT versus MCT and
LCT. The results from indirect calorimetry and isotopic label-
ling with 13CO2 and 13C plasma glucose could not prove a
clear-cut advantage of MCT and LCT, with regard to lipid
oxidation (A). No data from published trials exist with regard
to the supplementation of immunomodulating substances, ei-
ther on the parenteral or enteral route. Most European trans-
plant units reported that they lack appropriate experience and
some are concerned about the potential negative influence on
graft rejection.

When supplementing electrolytes for chronic hyponatre-
mia, there should be cautious adjustments of not more than
10 mmol/L per day, because of the risk of pontine myelinoly-
sis (24) (C). Cyclosporine- or tacrolimus-induced hypomag-
nesemia has to be considered (25) (A). While most
transplant units supply parenteral nutrition – supplemented
with vitamins and trace elements (C) according to general
recommendations – no precise and specific suggestions can
be made from the available clinical data.

According to the ESPEN consensus (Table 2), metabolic
monitoring should include assessment of serum glucose, lac-
tate, triglycerides and urea, as well as urine urea excretion (C).
Indirect calorimetry may be used as a facultative tool. Hyper-
glycemia may be tolerated to a serum level no higher than 180
to 200 mg/100 mL (C). As a general rule, a reduction in infu-
sion rate is preferable to increasing insulin administration.
According to the results of the ESPEN survey, postoperative
nutritional support is performed for a median of three to five
days, with a maximum of 20 days and more. In case of Roux-
en-Y bile duct anastomosis, oral and/or enteral feeding via a
nasoduodenal tube usually starts no earlier than postoperative
day 5 or 6 (C).

LATE POSTOPERATIVE PERIOD
Surprisingly, few data are available on body composition and
substrate metabolism in patients after successful liver trans-
plantation. Protein turnover seems to decrease but is not
normalized 12 months after transplantation (26). At that
time, there is an increase in body fat but still no increase in
body cell mass (27). While no specific dietary measures are
necessary in the case of uneventful progress, metabolic
monitoring should focus on impaired glucose tolerance, hy-
perlipidemia, hypercholesterolemia and obesity. Some immu-
nosuppressive drugs potentially lead to diabetes – tacrolimus
being more harmful than cyclosporine. Significant improve-
ment of glucose metabolism and insulin secretion has been
achieved by a dose reduction of tacrolimus to trough levels of
3 to 8 ng/mL (28) (B). Obesity before transplantation reliably
predicts obesity after transplantation. The extent of obesity
does not correlate with hypercholesterolemia (29). Hyperlipi-
demia and hypercholesterolemia are very common and may
be correlated with cyclosporine A serum levels. Therefore,
these phenomena may be attributed more to specific changes
in energy expenditure and cholesterol metabolism than to ex-
ogenous dietary factors (30). Chronic impairment of graft
function may be related to diminished arterial perfusion, re-
current cholangitis or chronic rejection with special regard to
‘vanishing bile duct syndrome’. Retransplantation may be
considered in individual cases. In patients with hepatic graft
insufficiency, nutritional guidelines should be followed in
analogy to liver cirrhosis (11).

FUTURE DIRECTIONS
The benefit of specific nutrients (such as immune-
enhancing substrates) for patients awaiting liver transplan-
tation has to be clinically investigated. Focusing on the short
term nutrition of the organ donor with anti-inflammatory
substrates (eg, glycine or antioxidants) might decrease pres-
ervation and reperfusion injury (31). Better understanding
of the metabolism of the grafted liver and the impact of ap-
propriate substrate supplements in the early postoperative
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TABLE 2
Nutritional support of the liver transplant patient – Consensus recommendations of the European Society for Parenteral and
Enteral Nutrition and Metabolism (10)

Postoperative period Nutritional requirement

Early

Nonprotein energy requirement Use Harris-Benedict equation by ideal body weight plus 20% to 30%

Nonprotein calories ratio 50% to 60% glucose: 40% to 50% fat; avoid insulin

Protein requirement 1.0 to 1.5 g/kg of body weight/day; no clear advantage of BCAA

Electrolytes Caution: pontine myelinolysis due to rapid correction of chronic hyponatremia; cyclosporine- and
tacrolimus-induced hypomagnesemia

Vitamins and trace elements No published trials: combined supplementation daily

Monitoring Serum: glucose, electrolytes, lactate, triglycerides, urea; urine: urea excretion

Late

Monitoring for diabetes Diabetic potential of tacrolimus greater than cyclosporine; improvement of glucose metabolism by dose reduction

Monitoring for hyperlipidemia
and hypercholesterolemia

Changes in cholesterol metabolism, correlation with cyclosporine serum levels: dietary limitations

Obesity Dietary counselling; physical activity

BCAA Branched-chain amino acids. Data from reference 10

 



period might also help to improve outcome (32). The rou-
tine use of perioperative immunomodulating nutritional
supplements might diminish systemic inflammatory re-
sponse syndrome (33), morbidity (34) and even mortality.
However, possible interaction with immunosuppressive
agents cannot be completely excluded. Alexander et al (35)
recently showed in rats that immunonutrition including ar-
ginine, omega-3-fatty acids and ribonucleotides after heart
transplantations might induce oral graft tolerance. It is hy-
pothesized that arginine induces a shift from cytotoxic T-cells

to a downregulation of immune response and subsequent graft
acceptance. With regard to immunosuppression, experimen-
tal data suggest that prevention of cyclosporine-induced
nephrotoxicity might be possible by supplementation of
glycine (36).

To elucidate these fascinating interactions between nu-
trition and transplant immunology, and to improve the pe-
rioperative care and outcome of patients undergoing liver
transplantation, more well-designed, prospective metabolic
and nutritional intervention studies are required.
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