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SUMMARY. Chronic liver disorders predisposeto com-
plex metabolic disturbances that lead to malnutrition,
which is universally present in patients with hepatic fa-
ilure undergoing liver transplantation and is associated
with increased morbidity and mortality. The nutritional
statusisanimportant factor for survival after liver trans-
plantation. Aggressive nutritional support is essential
during all phases of liver transplantation. This review
article focuses on nutritional problems seen in patients
with hepatic failure, with emphasis on the nutritional
assessment and support of patients before and after li-
ver transplantation.

Key words: Chronic liver disorders, hepatic failure, li-
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Malnutrition is a common complication of hepatic
failure and progressive deterioration of the nutritional
status has been associated with poor outcomein patients
with cirrhosis.*

The liver is the metabolic organ that regulates com-
plex biochemical and physiologic pathwaysthat control
the metabolism of carbohydrate, fat, and protein. Pro-
tein-energy malnutrition (PEM) is highly prevalent in
all formsof chronic liver disease? and has been reported
to be as high as 100% in patients undergoing liver trans-
plantation (LT).** PEM has been associated with decrea-
sed patient and graft survival following LT.2

The pathogenesis of malnutrition in cirrhosisis com-
plex and multifactoria (Table 1), and is influenced by
metabolic disturbances, increased energy expenditure,
reduced calorie intake and inadequate intestinal absorp-
tion of nutrients.

RESUMEN. La enfermedad hepética cronica predispo-
ne a alteraciones metabdlicas que conducen ala malnu-
tricion, la cual se evidencia de manera universal en los
pacientes con insuficiencia hepética que se someten a
un trasplante de higado y esta asociada con un incre-
mento en lamorbilidad y la mortalidad. El estado nutri-
cional esunfactor importante parala supervivencialue-
go del trasplante hepético. El soporte nutricional intenso
esesencial durantetodaslasfasesdel trasplante hepati-
co. Este articulo de revision explora los problemas nu-
tricionales que ocurren en pacientes con insuficiencia
hepatica, poniendo énfasisen la evaluaciony el soporte
nutricional antesy después del trasplante hepético.

Palabras clave: Enfermedad hepatica crénica, insufi-
ciencia hepatica, trasplante hepatico.

METABOLIC DISTURBANCES

Patients with cirrhosis have abnormal carbohydrate, li-
pid and protein metabolism, which is associated with
muscle depletion.* Muscle wasting is an important ma-
nifestation of hepatic failure and is always present in
patients undergoing liver transplant evaluation.5®

Cirrhotic patients tend to use fat as a substrate for
energy and may develop a fasting catabolic state of
starvation because of alack of adequate glycogen sto-
res,” leading to increased gluconeogenesis, which exa-
cerbates musclewasting. A late evening snack appears
to improve this catabolic starvation phenomenon in
cirrhosis.

Patientswith ESLD may devel op glucoseintolerance
and insulin resistance, with areported preval ence of dia-
betes mellitusin cirrhosis of 38%.8°
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TABLE 1
ETIOLOGY OF MALNUTRITION IN PATIENTSWITH
HEPATIC FAILURE

Decreased ord intake
Anorexiaand early satiety
Dietary restriction (sodium and protein)
Taste abnormalities
Ascites/encephal opathy
Gastroparesis, nausea and vomiting

Nutrient malabsorption
Pancreatic insufficiency
Cholestatic liver disease

Drug induced losses
Neomycin, lactulose, diuretics

Protein catabolism is increased in decompensated li-
ver disease. There is an imbalance between branched-
chain amino acids (BCAA) (leucine, isoleucine, and va-
line) and aromatic amino acids (AAA) (phenylalanine,
methionine, and tyrosine) as the expected ratio of 3.5:1
falsto 1:1 in patients with hepatic failure, allowing in-
creased cerebral uptake of AAA’s, which promote the
synthesis of false neurotransmitters (octopamine, phen-
ylethylamine, and phenylethanolamine) that may affect
neurocognitive function.

INCREASED ENERGY EXPENDITURE

The body composition is represented by two compart-
ments: thelean body mass (LBM), and fat mass. LBM is
made by muscle mass, visceral proteins, glycogen, and
intracellular water. Body cell mass (BCM) isthe active
metabolic compartment, whichisresponsiblefor the basal
energy expenditure (BEE). BEE can be predicted with
several formulas, such as the Harris-Benedict equation:
Men: 66.5 + [13.8 x Wt (kg)] + [5.0 x Ht (cm)] —[6.8 X
Age (yr)] = kcal/d. Women: 655.1 + [9.6 x Wt (kg)] +
[1.8 x Ht (cm)] — [4.7 x Age (yr)] = kcal/d., or can be
measured with indirect calorimetry. Predicted BEE from
the Harris-Benedict equation may be different from mea-
sured values in patients with hepatic failure as the for-
mulais based on weight, which can be altered by fluid
retention, therefore, BEE should be measured and not
predicted in patients with hepatic failure and ascites.1*1

BEE measurement in liver disordersis variable; hy-
permetabolism has been described in 34% of patients
with cirrhosis and represents a prognostic factor inde-

pendent of the Model of End-stage Liver Disease
(MELD) or Child-Pugh scores.”*2 Cirrhotic patientswho
are hypermetabolic have a more rapid progression to li-
ver transplantation or death.'? Hypermetabolism has been
associated with decreased survival after LT.1

REDUCED CALORICINTAKE

Patientswith chronic liver disease frequently have early
satiety, altered gastric motility, taste abnormalities, nau-
seaand anorexia, leading to an inadequate oral intake.***
Elevated inflammatory cytokines (tumor necrosis fac-
tor, interleukin-1b, and interleukin -6) have been descri-
bed in patients with cirrhosis and may have an anorexic
effect.’® Other factors associated with the progression of
anorexiainclude unpal atable dietsrel ated to sodium and
protein restriction.

Patients with tense ascites have reduced postprandial
gastric volumes and large-volume paracentesis increa-
ses fasting gastric volumes, leading to an improved oral
intake.*

DECREASED INTESTINAL ABSORPTION

Abnormal absorption of nutrients occursin patientswith
chronic cholestatic disorders, such as primary biliary ci-
rrhosis, primary sclerosing cholangitis and autoimmune
cholangiopathy. Inadequate absorption of fat-soluble vi-
tamins (A, D, E, and K) is most common in alcoholic
patients with pancreatic insufficiency.

Celiac disease has been associated with chronic au-
toimmune hepatitis, primary sclerosing cholangitis,*® and
non-alcoholic steatohepatitis (NASH).%® Elevated liver
enzymes had been described in 40% of patients with
untreated celiac disease, which frequently improve after
the ingtitution of a gluten-free diet.’®

ASSESSMENT OF NUTRITION STATUS

Assessment of the nutritional status of patients with he-
patic failure is challenging because weight changes are
affected by fluctuationsin fluid retention and traditiona pa-
rameterssuch asserum protein concentrations, total lympho-
cyte count, delayed hypersensitivity testing, and creati-
nine-height index are affected by liver disease.

A through clinical and nutritional evaluation isrequi-
red in al patients with hepatic failure as malnutrition is
multifactorial. A dietary history is essential to assess
weight changes, taste abnormalities, early satiety, degree
of anorexia and chronic diarrhea. Physical exam may
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show stigmata of chronic liver disease, such as pamar
erythema, spider angiomas, temporal muscle hypotro-
phy, loss of subcutaneous fat, and muscle wasting; subt-
le changes in oral mucosa, skin, and hair may suggest
nutrient deficiencies. Zinc deficiency is frequent in de-
compensated cirrhosi sand has been associated with chan-
gesin smell, taste, protein metabolism, and hepatic en-
cephal opathy.®

Anthropometric measurements include triceps skin
fold and mid-arm muscle circumference are still useful
to assess subcutaneous fat and muscle mass.? Mid-arm-
muscle circumference and handgrip strength measure-
ments appear to be sensitive markersof BCM depl etion.??

The Subjective Global Assessment (SGA), anuitritio-
nal evaluation based on present weight, height, nutritio-
nal history, changes on physical examination and exis-
ting medical conditions has been found to be areliable
tool to evaluate the nutritional status of cirrhotic patients
undergoing liver transplant evaluation.?*?* Patients are
classified as being well nourished or having mild, mo-
derate, or severe malnutrition.

Other noninvasive methods include bioelectrical im-
pedance analysis (BIA), it evaluates the body electrical
conductivity and resistance (impedance). Although BIA
determines|ean body massand fat in patientswith hepa-
ticfailure, it'saccuracy in patients with edemaand asci-
tiesis questionable.”

Dual-energy x-ray absorptiometry (DEXA) has been
used to measure total body bone mineral, fat and fat free
mass (FFM), however, it is aso influenced by fluid re-
tention.?® In patientswith hepatic failure, DEXA hasbeen
found to be a good method to assess both fat mass and
fat-free mass, however, it cannot provide accurateinfor-
mation about the quality of the FFM, particularly in re-

|ation to its water content.?”

MALNUTRITION BEFORE LIVER
TRANSPLANTATION

Liver transplantation (LT) revolutionized the manage-
ment of liver disease.?® The nutritional status of patients
with hepatic failure undergoing liver transplant evalua-
tion continues to deteriorate, therefore, once malnutri-
tion is diagnosed, efforts should be made to correct any
vitamin and mineral deficiencies present and prevent
further complications (Table 2).2

The main purpose of nutritional support before liver
transplantation is to prevent further nutrient and muscle
depletion. Improvement in nutritional status influences
liver metabolism and immune status and may decrease
therisk of infection.'

The energy needs of cirrhotic patients are highly va-
riable and can be determined by indirect calorimetry. In
patients with decompensated cirrhosis, BEE can be cal-
culated with the Harris-Benedict formulausing ideal body
weight; the total amount of calories provided should be
at least 1.2 timesthe BEE (30 to 35 kcal/kg/d) and 60 %
should be administered as simple and high complex car-
bohydrates.'

Protein restriction should not be routinely established in
all patientswith hepatic failure. Protein intake should be at
least 1 g/kg/day, and 24-hour urinary ureanitrogen can be
measured to assess the catabolic rate in patients with pre-
served rend function. Further protein intake can be adjus-
ted accordingly, with progressiveincrementsin protein su-
pplementation up to 1.8 to 2.0 g/kg/day astolerated.

Liver osteodystrophy (osteopenia and osteoporosis)
is highly prevalent in patients with cirrhosis and repre-

TABLE 2
NUTRITIONAL RECOMMENDATIONS FOR PATIENTS
WITH HEPATIC FAILURE UNDERGOING LIVER TRANSPLANT EVALUATION

« Hepatic encephalopathy should be treated aggressively before protein restriction is instituted.

«  Protein restriction should not be performed routinely to prevent aggravating protein deficiency.
e Smaller and more frequent meals are better tolerated.

« Monitor calorie count and consider enteral feeding supplementation if oral intake if suboptimal.
e Water restriction is not recommended unless serum sodium is less than 125 mEg/L.

e Dietary sodium restriction to less than 2 gm/day in patient with ascites.

« BEE should be measured and not predicted in patients with edema and ascites.

« Energy needs are variable and best determined by indirect calorimetry.

e Cirrhotic patients should take a daily multivitamin.

e Calcium supplementation (1200-1500 mg/day) in patients with osteopenia.
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TABLE 3
NUTRITIONAL RECOMMENDATIONSAFTER LIVER TRANSPLANTATION

Correct nutritional deficiencies in theimmediate post-transplant phase

Early dietary consulation to prevent excessive weight gain

Screening for metabolic bone disease, biphosphonates in patients with osteoporosis
Tight glucose control in patients with diabetes mellitus

sent amajor cause of morbidity after LT.% Osteoporosis
has been described in 12%-55% of patients with cirrho-
sis and increase the risk of vertebral fractures.* Serum
vitamin D measurements should be performed in patients
with osteoporosis and replaced if deficient. Calcium su-
pplementation is recommended in patients with osteo-
penia (1,200-1,500 mg/day) and in combination with
bi sphosphonatesin patients with osteoporosis or history
of fractures.®

Adequate oral intake should be monitored with calo-
rie counts, if suboptimal, enteral feedings should beini-
tiated. The efficacy of tube-feeding formulas has been
evaluated in patients with chronic liver disease, and the
best results were seen in patients with moderate to seve-
re PEM treated with aggressive nutritional intervention.
Feeding tubes do not increase risk of esophageal vari-
ceal hemorrhage, but may be associated with an increa-
sed risk of sinusitis with long-term use. Standard amino
acid formulasare usually well tolerated, which contain a
significant proportion of BCAA's, preparationswith hig-
her concentrations should be reserved for patients with
refractory hepatic encephal opathy.* Late evening snac-
kswith aBCAA mixture have been suggested to impro-
ve serum abumin levels, nitrogen balance and energy
metabolism when compared to ordinary food in patients
with cirrhosis.®

Total parenteral nutrition (TPN) should be conside-
red when enteral feeding is contraindicated to provide
adequate nutritional support and maintain the metabolic
needs of hospitalized cirrhotic patients. TPN is more
expensive and has been associated with higher inciden-
ce of infections and electrolyte imbal ances than enteral
nutrition.

NUTRITIONAL
MANAGEMENT AFTER LIVER
TRANSPLANTATION

Liver transplantation leadsto a significant improvement
of nutritional deficienciesand metabolic disturbancesin
patients with hepatic failure; however, several factors

such as preoperative malnutrition, stress from surgery
and immunosuppressive medications enhance the need
for nutritional support after transplantation.®

Protein catabolismisincreased immediately following
liver transplantation.® Due to increased nitrogen | osses,
liver transplant patients should receive 1.5 to 2.0 grams
of protein per kilogram of dry weight in the immediate
post-transplant phase.23 Energy requirements are not
significantly higher in the uncomplicated patient after
transpl antation; calories should be provided at approxi-
mately 120%-130% of the calculated BEE.=

Early after transplant, oral nutritional supplementsor
nasoenteric tube feedings can be provided and are prefe-
rred over TPN, unless the patient has a nonfunctional
gastrointestinal tract. Enteral feedings have been asso-
ciated with decreased post-operativeinfection rates,® and
less metabolic complications following transplant when
compared to TPN.%

Patients should be advanced from nutritional support
to oral diets as soon as tolerated after liver transplanta-
tion. Smaller and more frequent feedings are helpful.
Nasoenteric feeding tubes should not be discontinued
until the patients are able to maintain an adequate oral
intake. Electrolyte disturbances in the acute post-trans-
plant period are common and may be related to abdomi-
nal drains, gastrointestinal losses, fluid overload; serum
potassium, phosphorus, and magnesium levelsshould be
monitored closely and replaced if needed.

Prevention is the main goa of long term nutritional
support after liver transplantation (Table 3). Metabolic
complications such as diabetes mellitus, hypercholeste-
rolemia, obesity and hypertension are common following
liver transplantation, increasing morbidity and mortali-
ty.37

Obesity iscommon after liver transplantation; the grea-
test weight gain occurs after the first 6 months.®® Nutri-
tionist consultation with dietary modifications should be
implemented early to minimize thelong-term morbidity
and mortality associated with obesity.

Hyperlipidemia also occurs frequently in post-liver
transplant patients® and representsamodifiabl e risk fac-
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tor for cardiovascul ar disease. Pre-transplant serum cho-
lesterol level isan independent risk factor for post-trans-
plant hypercholesterolemia; the incidence of elevated
cholesterol after liver transplant has been reported to be
43%.%°

Theincidence of new onset diabetes mellitus after i-
ver transplantation has been reported between 7 to 33 %,
and is higher in individuals older than 45 years and in
patients with chronic hepatitis C (41, 42).

Bone mineral density (BMD) decreases after liver
transplantation (31). Risk factors for bone loss include
prolonged steroid use, malnutrition, muscle wasting, pre-
transplant osteopenia and immunosuppression therapy.
Rapid bone loss occurs 3 to 6 months after liver trans-
plantation, with the highest incidence of fractures seen
in 20 to 30% of patientsin the first year.* Bisphospho-
nate therapy may prevent bone loss after LT and repre-
sent the most effective agents for the treatment of post-
transplant osteoporosis.*4

CONCLUSIONS

Nutritional therapy is essential in patients with hepatic
failure. An early and multidisciplinary approach invol-
ving clinicians, gastroenterologist/hepatologists, dieti-
tians and nurse practitioners should be established. Nu-
tritional support in the acute post transplant phase can
reduce complications; long-term management shouldaim
prevent metabolic complications. Adequate nutritional
support will lead to improved outcomes and better qua-
lity of life after liver transplantation.
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