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INTRODUCTION

Kidney function plays a role in regulation of the acid-base ba-
lance, water and electrolyte balance, calcium and phosphorus
metabolism, and nitrogen balance. Hence, acute (ARF) or ch-
ronic renal failure (CRF) particularly affect the nutritional
metabolic state of patients.'?

Patients with CRF have a high prevalence of protein-ca-
lorie malnutrition, with an impaired fat and protein com-
partment, as well as a marked change in serum proteins.
Different studies have shown the relationship between
maintenance of a good nutritional status and a decreased
morbidity in these patients.** Even if patients have a good
nutritional status, they should be monitored every 6 months
if they are younger than 50 years and every 3 months if
older than 50 years. Protein-restricted diets have been used
for decades to relieve uremic symptoms, and have also pro-
ved to be able to decrease progression of kidney function
loss. Development of haemodialysis and peritoneal dialysis
has resulted in an increased survival in these patients, with
a clear improvement in quality of life. These advances have
led to recommend specific nutritional requirements as a
function of treatment received.’

Nutritional problems in patients with ARF and CRF will be
successively reviewed, as well as tools used to assess them
and dietary and advanced nutritional support recommenda-
tions published in the literature.

MALNUTRITION AND NUTRITIONAL ASSESSMENT

IN RENAL FAILURE

A hypercatabolic state occurs in ARF, causing an increased
glucose consumption. If there is no adequate glucose supply
in diet, a gluconeogenesis phase starts when hepatic glycogen
deposits are depleted.*® Uptake of new glucose molecules
from visceral and skeletal muscle proteins causes an unfavou-
rable metabolic situation. On the other hand, proteolysis cau-
ses metabolic acidosis, which in turn promotes protein cata-
bolism, leading to an increasing muscle mass and impairment
of the nutritional status of the patient. In addition, accumula-
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tion in blood of nitrogenated products causes anorexia and
nausea, maintaining the catabolic state by not allowing an
adequate intake. To sum up, it is important to maintain an
adequate energy supply, with a good supply of carbohydrates
to maintain nitrogen balance.

In patients with chronic renal failure, protein-calorie mal-
nutrition’ results from failure of kidney function itself, cau-
sing increases in neuroendocrine factors and cytokines. This
hormonal change causes hypertriglyceridemia and an impai-
red carbohydrate metabolism, with insulin resistance that may
lead to diabetes. Increased levels of nitrogen products and
electrolyte changes cause gastrointestinal disorders that redu-
ce intake, with nausea and vomiting. On the other hand, treat-
ments received by these patients also have an impact on their
nutritional status. One of the most common dietary recom-
mendations is protein restriction in diet, that reduces progres-
sion of nephropathy.” However, this dietary change may indu-
ce in uremic patients a decrease in their calorie intake due to
their poor compliance with changes required in nutritional ha-
bits.® Dialysis may also condition the nutritional status. It
should not be forgotten that patients on haemodialysis have a
higher protein consumption than those on peritoneal dialysis,
and also a greater risk of deficiency of water soluble vitamins
and iron.

In order to achieve a good protein and calorie intake and
maintain and adequate nutritional state, appropriate assess-
ment tools are therefore required. Different parameters to as-
sess the nutritional state of these patients’ and protocols to
evaluate the different tools used' have been traditionally em-
ployed, and it has been concluded that the most useful tools
are those integrating parameters related to different fields of
nutritional evaluation (subjective, anthropometric, and bio-
chemical parameters, etc.).

The most important among these include data derived from
physical examination using anthropometric data (current
weight, ideal weight, usual weigh, dry weight, oedema-free
adjusted weight, skin folds, arm circumference).

The precise definition of the different procedures to assess
body weight should be known to avoid errors:

1. Current weight, the weight seen at that given time.

2. Ideal weight, or weight obtained from reference tables.
3. Usual weight, or historical weight of the patient.

4. Dry weight, or weight found after dialysis.

333



D. de Luis et al. Nutritional aspects of RF

continued training

5. The oedema-free adjusted weight is calculated as (dry
weight — (ideal weight — dry weight) x 0.25)

Body mass index (BMI) is another commonly used anthro-
pometric parameter. The results of a study with a cohort of
more than 10,000 patients conducted in the USA and Europe"
showed that mortality significantly decreased in patients with
a higher BMI. Another study (Dialysis Outcomes and Practice
Patterns Study)’ showed that a BMI decrease greater than
3.5% was associated to a higher mortality. The significance of
this parameter in nutritional monitoring of these patients has
also been evaluated in our setting."

As regards biochemical data, albumin has been used as a
parameter to assess the protein-calorie status of patients on
dialysis.” In the abovementioned study (DOPPS),’ a 1.38%
increase in mortality was seen in patients with albumin levels
lower than 3.5 g/dL. Prealbumin has also been shown to be a
predictor of mortality in patients at the start of dialysis the-

rapy.’

Among integrated nutritional assessment methods, the
Subjective Global Assessment (SGA) test is the most com-
monly used. The SGA is a simple method for assessing and
monitoring the nutritional status of patients using a number of
nutritional, clinical, and anthropometric data that are easy to
obtain. This method has been shown to be of value in renal
failure patients (fig. 1)."

Questionnaires to evaluate food intake may also be used
for detecting deviations from the recommendations that will
subsequently be analysed" or from those of other diets, such
as the Mediterranean diet.">'® These questionnaires should be
administered with some regularity and in several different
days because of the inherent variability of the results obtained
and the possibility that the intake level of patients may be mo-
dified by multiple intercurrent factors.

Other more sophisticated techniques may be used, such as
single or multiple frequency impedanciometry (including
vectorial analysis), X-ray absorptiometry, or neutron activa-
tion analysis.

Subjective Global Assessment

A. Clinical history

1. Change in weight
Weight loss in the past 6 months
Change in the past 2 weeks:

Total: #
increase,

2. Changes in food intake (as compared to usual intake)

(Tick the adequate category or write the numerical value after #)

no change,

kg, % lost#
decrease

loss of subcutaneous fat tissue (triceps, chest)
loss of muscle mass (quadriceps, deltoid)
ankle oedema

sacral oedema

ascites

H* o o H*

C. Subjective Global Assessment (grading)

A = well nourished
B = moderate or suspected undemutrition
C = severely undemourished

no change
change duration = # weeks
type: suboptimal solid diet liquid diet
low-calorie fluids fasting
3. Gastrointestinal symptoms (> 2 weeks in duration)
none, nausea, vomiting, diarrhoea, anorexia
4. Functional capacity
no dysfunction
dysfunction duration = # weeks
type: working suboptimal
ambulatory
bedridden
5. Disease and its relationship to energy requirements
Primary diagnosis (especify):
Metabolic demand (stress): no stress, low stress
moderate stress, high stress

B. Physical examination (specify for each: 0 = normal, 1 = mild, 2 = moderate, 3 = severe)

Figure 1. Subjective global assessment
test.
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DIETARY REQUIREMENTS IN RENAL FAILURE

Energy requirements may be calculated by formulas used for
nutritional evaluation in general patients (with no renal failu-
re), such as the Harris-Benedict formula' or other special for-
mulas'® (table I).

However, various authors use approximations to facilitate
daily practice ranging from 35-40 calories per kg and day in
chronic kidney disease.”” Once energy requirements are calcu-
lated, nutrient distribution® in the diet should be balanced.
The recommended proportions are 10%-15% of protein,
55%-T70% of carbohydrates, and 20%-30% of lipids. The wi-
despread recommendation of protein restriction to
0.6-0.8 g/kg/day has only been shown to be beneficial for pa-
tients with CRF receiving conservative treatment (evidence
A), because it slows progression of kidney disease to its end
stage.” However, patients on replacement therapy need
1-1.2 g/kg when on haemodialysis and 1-1.5 g/kg when on
peritoneal dialysis.*"

After calculating energy and protein supply, water require-
ments of our patients should be considered. Water balance
should be calculated, taking into account the residual urine
output of patients. Fluid intake should usually be approxima-
tely 500-600 mL, added to the residual urine output of pa-
tients.

Mineral and electrolyte requirements are marked by the
nutritional status and the degree of renal failure of the pa-
tient. In highly malnourished patients, mineral requirements
may be increased due to the anabolism they experience
when adequate oral diet and/or a nutritional support proce-
dure are started, so that an excessive and/or rapid supply of
calories and proteins may lead to a refeeding syndrome with
a sudden decrease in potassium and phosphorus levels and
severe heart failure. Kidney function should also be taken
into account. For instance, oligoanuric patients (urine output
< 500 mL/day) excrete little or no sodium, potassium, mag-
nesium, or phosphate, which should therefore be restricted

Table I. Formulas to calculate energy expenditure

Harris Benedict formula':

Males. Energy expenditure = 66 + (13.7 x weight) + (5 x height) - (6.8 x age)
Females. Energy expenditure = 655.1 + (9.6 x weight) + (1.8 x height) - (4.7 x age)

Special formulas':

De Luis.
Males: Energy expenditure = 58.6 + (6.2 x weight) + (1,023 x height) - (9.5 x age)
Females: Energy expenditure = 1,272.5 + (9.8 x weight) - (61.6 x height) - (8.2 x age)

Schofield.

Males
18-30 years: Energy expenditure = 15.3 x weight + 679
30-60 years: Energy expenditure = 11.6 x weight + 879
> 60 years: Energy expenditure = 13.5 x weight + 487

Females
18-30 years: Energy expenditure = 14.7 x weight + 496
30-60 years: Energy expenditure = 8.7 x weight + 829
> 60 years: Energy expenditure = 10.5 x weight + 596
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in the diet. A finer adjustment of minerals, based on measu-
rement of electrolytes and minerals in urine and creatinine
clearance, may be considered, particularly in patients with
preserved urine output, having widely variable require-
ments. On the other hand, because of the deficient hydroxy-
lation of vitamin D at the 1-hydroxy position, calcium
supply should be increased up to a minimum of 1 gram
daily. An increased intake of foods rich in vitamin D could
involve complications because these are a usual source of
protein (fish, milk products, etc.).

Another important issue is the metabolic acidosis suffered
by patients. Administration of bicarbonate as oral supple-
ments to maintain pH > 7.2 or serum bicarbonate levels >
17 mEq/L is therefore recommended. A possible dietary mea-
sure is to recommend intake of bicarbonate waters, though
most patients require oral bicarbonate at different doses.

Vitamin requirements also depend on treatment received
by patients.” For instance, patients who follow restrictive die-
tary recommendations as a conservative measure in their tre-
atment plan should receive supplements of water soluble vita-
mins and active vitamin D as 1,25 dihydroxyvitamin D.
However, for patients on dialysis (peritoneal or haemodialy-
sis), vitamin A, D, and B, supplements are recommended be-
cause these vitamins are bound to proteins and, thus, easily
removed at dialysis sessions. Decreased levels are also seen
of water soluble vitamins such as vitamins C and B1 and folic
acid. However, supplements of vitamin C and folic acid are
only required.

Iron is one of the minerals that should be paid special atten-
tion.” The general population requires 10-15 mg/day of iron,
but patients with renal failure and ferritin levels < 100 mg/dL
should receive supplements of at least 60 mg/day of ferrous
sulphate. Concomitant intake of iron with a citrus juice, pro-
moting iron absorption together with vitamin C, may be re-
commended.

SPECIAL NUTRITIONAL ASPECTS IN ARF

AREF causes a wide variety of changes in intermediate meta-
bolism, the most sever of which is a severe hypercatabo-
lism.* The primary nutritional objective in these patients is
to accelerate kidney function recovery and preserve lean
mass.

As regards energy requirements (table II), 30-40 kcal/kg
body weight are recommended, with a protein supply of
0.8-1 g/kg ideal weight, that is increase as glomerular filtra-
tion rate normalises. Potassium intake should be limited to
30-50 mEqg/day and sodium intake to 20-40 mEqg/day in the
oliguric phase, with replacement of losses in the diuretic
phase. In order to apply these electrolyte recommendations,
diets with fixed menus may be used, or tables are routinely
used to limit electrolyte intake. It should also be reminded
that removal of water used to cook vegetables and legumes
may decreased potassium content by up to 40%. However,
this also results in a substantial loss of water soluble vitamins.
Fluid intake should consist of daily expenditure plus an addi-
tional 500 mL.
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However, many patients are unable to cover the abovemen-
tioned nutritional requirements because of their clinical sta-
tus, therefore requiring advanced nutritional support. The Eu-
ropean Society of Parenteral and Enteral Nutrition (ESPEN)*
recently prepared guidelines listing all requirements of pa-
tients with ARF. Non-protein energy requirements range from
20-30 kcal/kg/day, and 3-5 g/kg/day of carbohydrates and
0.8-1.2 g/kg/day of fat should be administered. Protein supply
may range from 0.6 g/kg/day in patients on conservative tre-
atment and up to 1.5 g/kg/day in patients on extracorporeal
treatment.

Despite these recommendations, various studies have
shown** the difficulty for achieving an adequate protein in-
take with the artificial formulas available in the market. This
problem is more marked in the subgroup of patients requiring
dialysis. An alternative measure consists of supplementing
the nutritional supply with parenteral amino acids.” Standard
amino acid solutions are recommended to maintain a neutral
balance. Non-essential amino acids have been shown® to play
an essential role in certain stress conditions in ARF patients.
Only in cases where avoidance of dialysis is intended, use of
solutions containing essential amino acids as the only source,
at doses of 0.3-0.5 g/kg, and for less than three weeks would
be indicated. Finally, the ESPEN guidelines provide a number
of recommendations for this type of patients:

1. Macronutrient requirements are not so much determined
by ARF as by the severity of the condition triggering it,
the type and intensity of extracorporeal renal replace-
ment therapy, and the nutritional status and associated
complications (Evidence C).

2. Extracorporeal treatments induce losses of micronu-
trients which should be supplemented (Evidence C).

3. Micronutrient level should be monitored to prevent
supplementation from resulting in toxic levels (Evi-
dence C).

4. In AREF patients in intensive care units, electrolytes con-
tained in an enteral formula providing 1,500-2,000 calo-
ries are usually adequate. However, individual require-

Table Il. Summary of dietary recommendations in
acute renal failure

Nutrients Amounts

Protein 0.8-1 g/kg ideal weight, increased on normalisation of
glomerular filtration rate.

Energy 30-40 kcal/kg body weight.

Potassium 30-50 mEg/day in oliguric phase, replace losses in diu-
retic phase.

Sodium 20-40 mEg/day in oliguric phase, replace losses in diu-
retic phase.

Fluid Replace daily urine output plus 500 mL.

Phosphorus Limit as required.

336

Table lll. Nutritional support requirements in patients
with acute renal failure (protein-free calorie

supply)
Energy 20-30 kcal/kg/d
Carbohydrates 3-5 (max. 7) g/kg/d
Fat 0.8-1.2 (max. 1.5) g/kg/d
Protein (essential and non-essential
amino acids)

Conservative therapy
Extracorporeal therapy

0.6-0.8 (max. 1.0) g/kg/d
1.0-1.5 g/kg/d

ments may differ, and monitoring is required. Special
care should be taken to avoid hypokalemia and/or hy-
pophosphoremia after starting enteral nutrition (refee-
ding syndrome) (Evidence C).
5. In patients with uncomplicated ARF, enteral nutrition
should be used if requirements are not met with oral
supplements (shakes) (Evidence C).
6. In ARF patients in critical care units, enteral nutrition
should be started early (within 24 hours) (Evidence C).
7. In patients with uncomplicated ARF, when spontaneous
oral feeding is insufficient, oral supplements (shakes)
should be used (Evidence C).
8. The nasogastric tube should be the access route of choi-
ce for enteral nutrition. Jejunal access is indicated in
conditions causing a severe impairment in gastrointesti-
nal motility.
9. In cases where nutritional requirements are not met
using enteral support, parenteral support should be used
(Evidence C).
10. Standard enteral formulas are the products of choice in
most cases (Evidence C).

11. In ARF patients with water and electrolyte disturban-
ces, special nephrological nutritional formulas may be
useful (Evidence C).

As regards the last recommendation, table IV shows that
various nutritional oral supplements have changes in their
composition for patients with acute renal failure.

However, these recommendations may be qualified taking
into account the guidelines published in Nutricion Hospitala-
ria (the official journal of the Spanish Society of Enteral and
Parenteral Nutrition):*

1. ARF patients should receive 3-5 g/kg/day of glucose,
i.e. a similar amount as in other clinical conditions (Evi-
dence C).

2. Fat infusion should be limited to 1 g/kg/day, and lipid
supply should be discontinued if triglyceride levels hig-
her than 300 mg/dL are reached (Evidence C).

3. Protein supply should be adapted to the clinical situa-
tion and to the catabolic state, as assessed by the occu-
rrence of urea nitrogen. Urea nitrogen occurring is the
sum of urinary urea nitrogen plus urea nitrogen in
dialysis fluid plus change in the organic urea pool (Evi-
dence B).
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4. Amino acids formulas consisting only of a mixture of
essential amino acids should not be used (Evidence A).
5. Amino acids such as tyrosine, histidine, taurine, and
branched amino acids should be provided in amounts
higher than recommended for other patients (Eviden-
ceC.)
6. Use of glutamine is recommended (Evidence B).
7. Protein supply should be increased in patients with ARF
on haemodialysis (Evidence C).
8. Assessment of vitamin A, C, and D supply is impor-
tant (Evidence A). At least 60-100 mg/day of vitamin
C are recommended. Minimum supplies of pyridoxine
(5-10 mg) and folic acid (1 mg/day) are also recommen-
ded.
9. Use of standard enteral nutrition diets poses no problem
if patients are being treated with clearance techniques
(Evidence B).
10. Enteral diets adapted to renal failure could be indicated
for patients with multiorgan failure who are being trea-
ted with clearance techniques (Evidence C).

11. Clearance techniques could be used for providing nu-
trients (Evidence C).

SPECIAL NUTRITIONAL ASPECTS IN CRF
In CRF patients, nutritional objectives include achieving an
adequate nutritional status, helping control azotemia and its
effects to improve quality of life, and delaying progression of
renal failure.

With regard to the first objective, various series have
shown an improved prognosis in these patients when they are

continued training

well nourished."”*>' As to the delay in progression of kidney
function loss, there are also general recommendations on the
matter, even with an Evidence A." In most studies, protein-
and phosphorus-restricted diets delay reduction of glomerular
filtration rate and progression to end-stage renal disease in
renal failure patients in general and type 1 diabetics in parti-
cular, in the latter irrespective of glucose control.’® Thus,
CARI guidelines (Caring for Australasians with Renal Im-
pairment) give the following recommendations:*

1. A protein-controlled diet (0.75-1 g/kg/day) should be
prescribed to all patients with CRF. Low protein diets
(< 0.6 g/kg/day) are not justified because they mini-
mally improve glomerular filtration rate and their im-
pact on the nutritional status advises against their use
(Evidence A).

2. In children, reduction of protein intake to the minimum
levels recommended by the World Health Organisation
(0.8-1.1 g/kg/day depending on patient age) has not
been shown to decrease progression of chronic renal fai-
lure, and should therefore not be recommended.

For the group of diabetic patients, the American Diabetes
Association (ADA) guidelines33 specifically recommend,
with an Evidence B, reduction of protein intake to
0.8-1 g/kg/day in patients with diabetes and early stages of
CRF, and to 0.8 g/kg/day in patients in the final stages of
CRF. The Cochrane Collaborative Group™ showed that a
small reduction in protein intake resulted in a slight but not
statistically significant decrease in progression to renal failu-
re. However, because of the great individual variability of pa-

Table IV. Nephrological nutritional formulas

Nepro® Suplena® Nutrison low sodio® Nefronutril® Resource 2.0° Novasource renal®

How supplied (mL) 236 236 500 mL 91 g sachet 200 237
Kcal/mL 2 2 1 1 2 2

Protein (g/L) 68.9 29.6 40 27 90 734
(TCV* percentage) 14 6 16 11 18 17.4
Lipids (g/L) 95.8 95.6 39 18.5 87 100
(TCV percentage) 43 43 35 39 45

Carbohydrates (g/L) 215 255 123 181 214 200
(TCV percentage) 43 51 49 73 43 40

Na (mg/L) 830 784 250 257 600 1,000
K (mg/L) 1,056 1,116 1,500 78 1,600 840
PO4 (mg/L) 686 728 720 126 900 650
Mg (mg/L) 210 210 230 16 300 200
Ca (mg/L) 1,372 1,386 800 128 1,900 1,300

TCV: Total caloric value.

Nefrologia (2008) 3, 333-342
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tients, a therapeutic trial of protein restriction for 6 months
may be started in all patients, continuing treatment in only
those patients with a favourable response.

As shown, great doubts exist about the true effectiveness of
this type of diets because of poor patient adherence.”® Howe-
ver, use of diet as a therapeutic tool must always be our first
option, as it may be useful even for management of complica-
tions of CRF such as osteodystrophy.*

Despite dietary recommendations, some patients with CRF
required advanced nutritional support. As a general recom-
mendation, nutritional support should be given when a
5-7 day fasting period is expected or when oral intake does
not meet patient requirements. The first step consists of use of
oral nutritional supplements (table III), which have been
shown to improve the course of disease.” The nutritional
support type and requirements depend on the treatment recei-
ved by the patient."”* Two possibilities should be distinguis-
hed: nutritional support for CRF patients on conservative tre-
atment-predialysis, and nutritional support for patients on
dialysis treatment (haemodialysis and/or peritoneal dialysis).

Nutrition in CRF patients on conservative

treatment

According to recommendations by the National Kidney
Foundation® (table V), the goal is to achieve the normal
weight for the patient. An energy supply of 35 kcal/kg/day,
to be adjusted based on the nutritional state of the patient, is
recommended. As regards protein supply, this organisation

gives different objectives depending on stage of kidney di-
sease:

a) For patients with more than 50% kidney function (plas-
ma creatinine levels less than 2 mg/dL or glomerular fil-
tration rate > 70 mL/min), 0.8-1 g/kg/day of protein of a
high biological value should be provided, plus an addi-
tional 1 g per g of proteinuria.

b) For patients with 20%-50% kidney function (plasma
creatinine levels 2-5 mg/dL or glomerular filtration rate
25-70 mL/min), protein intake must be reduced to
0.6 g/kg/day, the amount considered minimum for a he-
althy adult. Sixty percent of protein should be of high
biological value.

c¢) For patients with less than 20% kidney function (plasma
creatinine levels higher than 8 mg/dL or glomerular fil-
tration rate < 25 mL/min), protein must be restricted to
0.30 g/kg/day.

d) Patients with more reduced kidney function (glomerular
filtration rate < 10 mL/min) are amenable to extrarenal
clearance. Only in the event that clearance is not possi-
ble, a protein-free diet would be used, supplemented
with essential amino acids or their keto analogues.

As regards carbohydrates, they should represent the main
energy source (approximately 60%) and consist of complex
carbohydrate because of protein restriction. Fat represents
30% of calorie supply, and consists of at least 10% saturated
fats and more than 10% monounsaturated fats. The recom-

Table V. Nutritional requirements in renal failure

Predialysis Haemodialysis Peritoneal dialysis

Energy kcal/day 30-35 35 35
Fluids (mL) Water balance Water balance + 500 mL Water balance
Protein
(g/kg/day) 0.6-0.8 based on GFR* 1.2-1.4 1.5
Electroytes
Na RDA** 60-100 Segun tolerancia
K RDA 1 mEg/kg/day 2-3 g/day
Minerals
Ca (g/day) 1.5-2 1-1.5 RDA
P (magrkg/d) 5-10 17 RDA
Iron If EPO If EPO If EPO
Trace elements

RDA RDA RDA
Vitamins (mg/day)
Pyridoxine 5 10 10
Vit C 30-50 30-60 100
Folic acid 0.25 100 100

*GFR: Glomerular filtration rate. See text.
**RDA (Recommended dietary allowance).
(reference 38) According to Kidney Foundation.
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mended daily amount of cholesterol is less than 300 mg. As
regards electrolytes, sodium intake should be limited to
1,000 mg/day, and potassium intake to 40-60 mEq/day.

Mineral and vitamin provision to these patients is essential.
Patients have a deficient intestinal absorption of calcium due
to vitamin D3 deficiency, and should therefore receive cal-
cium supplements (1,500-2,000 mg/day). By contrast, phosp-
horus intake should be restricted to 5-10 mg/kg/day, limiting
consumption of milk products, eggs, meat, and some vegeta-
bles, because increased phosphorus levels contribute to hy-
perparathyroidism and kidney function impairment. Iron
should be provided to patients treated with erythropoietin. In
these patients, supplementation is recommended with the fo-
llowing vitamins: vitamin B,, 5 mg/day; vitamin D(1,25-dihy-
droxyvitamin D), 0.25 micrograms/day; vitamin C,
30-50 mg/day. Multivitamin complexes are generally used
(table VI).

The ESPEN also provided a number of recommendations
in patients having some unique characteristics:

1. Energy intake should be approximately 35 kcal/day in
patients with stable CRF and weights within + 10% of
ideal weight (Evidence A).

2. Energy supply should be adjusted in patients with obe-
sity or low weight.

3. With an evidence B, a protein intake of 0.55-0.6 g/kg/day
(2/3 of high biological value) is recommended in pa-
tients with creatinine clearance ranging from
25-70 mL/min, and 0.55-0.6 g/kg/day (2/3 of high bio-
logical value) or 0.28 and the rest as essential amino
acids.

4. Mineral intake should be 600-1000 mg/day of phospho-
rus, 1500-2500 mg/day of potassium, and 1.8-2.5 g/day
of sodium (Evidence B).

5. Enteral nutrition should be started when requirements
are not met despite diet and oral supplements (shakes).

continued training

Evidence C. The main indications for this dietary moda-
lity would be in patients with CRF and some comorbid
condition in which oral intake is not possible, i.e. pa-
tients in whom dietary recommendations cannot be met
using the oral route alone. In these cases, the procedure
of choice is enteral support by night using nasogastric
tube, maintaining oral intake during the day. Finally, el-
derly patients with CRF are a group with a high nutritio-
nal risk.

6. The recommended type of formula is a standard formula
(Evidence C).

7. In patients receiving enteral nutrition for more than
5 days, special formulas with modified electrolyte con-
tents (table V) may be used (Evidence C).

8. Essential amino acids and their keto analogues, in asso-
ciation with enteral formulas low in protein, may pre-
serve kidney function (Evidence B).

Nutrition in CRF patients on haemodialysis

and peritoneal dialysis

In these patients, calorie requirements are 35 kcal/kg/day
under baseline conditions (table V). The goal is to achieve a
protein supply of 1.2-1.4 g/kg/day (2/3 of high biological
value).. Water requirements depend on residual urine output,
to which 500-800 mL/day may be added. If protein-calorie re-
quirements are not covered by the normal diet, oral nutritional
supplements and even parenteral nutrition may be given du-
ring haemodialysis.

Intradialysis parenteral nutrition is administered during the
dialysis session using the high flow of the arteriovenous fistu-
la. This allows for administration of a hyperosmolar solution,
thus minimising the volume overload from haemodialysis it-
self.” Approximately 16 kcal/kg and 0.08 g of nitrogen per kg
of weight are provided. Despite its initial advantages, intra-
dialysis parenteral nutrition has a number of disadvantages:

Table VI. Multivitamin complexes

AlU D3IU EIU Kimg Cmg B, mg B,mg B mg B,ug  Folate ug Biotin ug Pantothenate mg

Multicentrum 2,666 200 (5ug) 149 30 60 14 1.6 2 1 200 150 6
Micebrina complex 1,500 400 30 150 10 5 6 12 400 45 15
Micebrina 1,500 400 30 100 10 5 2 3 10
Micebrina ginseng 1,500 400 30 60 1.5 1.7 2 3 400 45 10
Supradyn 800 retinol

and 400 carotene 200 10 mg 30 60 14 1.6 2 1 200 150 6
Dayamineral 5,000 1,667 83.33 2.5 2 0.83
Hidropolivit 2,500 500 1 mg 100 40 2 1 1 2 100 250 2
Rochevit 2,500 400 15 mg 100 1.6 1.8 2.6 4 400 250 10
Nefrologia (2008) 3, 333-342 339
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1. Administration of a great amount of nutrients in a very
short time causes hyperglycemia and hyperlipidemia.

2. In addition, nutrition is provided two or three times per
week, only during the dialysis session, so that it should
be considered a nutritional supplementation method,
rather than a total nutritional support.

3. As compared to other possibilities of nutritional sup-
port, intradialysis parenteral nutrition has a high econo-
mic cost.

It should therefore be carefully indicated, being reserved to
patients with severe malnutrition and hypoalbuminemia* or
to very special situations.* The main criteria for administra-
tion of intradialysis parenteral nutrition reported in the litera-
ture®™*' include:

* Predialysis serum creatinine levels < 8 mg/dL for
3 months.

* Predialysis serum albumin levels < 3.4 g/dL for
3 months.

* > 10% loss of ideal weight.

* Protein intake < 0.8 g/kg/day and calorie intake <
25 kcal/kg.

* Grade C Subjective Global Assessment (severe malnutri-
tion).

The presence of three of the previous criteria plus impossi-
bility to increase oral intake or failure of oral supplements or
rejection of enteral nutrition. There are also criteria for dis-
continuation of intradialysis parenteral nutrition:

* Achievement of predialysis serum albumin levels >
3.8 g/dL for 3 months.

* Achievement of predialysis serum creatinine levels >
10 mg/dL for 3 months.

* Dry weight increase.

* Subjective Global Assessment A or B.

* Increase in protein intake to > 1 g/kg/day and in calorie
intake to > 30 kcal/kg.

The presence of three of the previous criteria plus occu-
rrence of complications or intolerance to parenteral nutrition
or no improvement after 6 months of parenteral nutrition.

The following supplements of vitamins and minerals are
recommended:® vitamin C, 30-60 mg/day; vitamin B .
10-20 mg/day; folic acid, 1 mg/day. Vitamin B1 supplementa-
tion is considered optional. No more than 60-100 mEq/day of
sodium should be provided. In anuric patients on haemodialy-
sis, water and sodium should be limited to a minimum during
week ends to limit interdialytic weight gain and prevent volu-
me overload. As regards potassium, 1 mEq/kg/day should not
be exceeded in patients in acidosis or with no urine output.
Iron should be provided to patients receiving erythropoietin.
Calcium requirements are 1-1.5 g/day. Phosphorus require-
ments are approximately 17 mg/kg/day.

ESPEN recommendations for this type of patients are simi-
lar:*
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1. In patients with acute disease in a regular haemodialysis
programme, nutritional requirements should be similar
to those for ARF patients.

2. Protein requirements are 1.2-1.4 g/kg/day (> 50% of
high biological value) in stable patients on haemodialy-
sis and 1.2-1.5 g/kg/day (>50% of high biological
value) in patients on peritoneal dialysis. With an energy
supply of 35 kcal/kg/day, taking into account the gluco-
se contained in the dialysis fluid for patients on perito-
neal dialysis (Evidence B).

3. Mineral requirements of metabolically stable patients inclu-
de 800-1,000 mg/day of phosphate, 2,000-2,500 mg/day of
potassium, 1.8-2.5 g/day of sodium. Fluid requirements
are 1,000 mL/day plus urine output. Dialysis sessions
cause loss of vitamins, particularly water soluble vita-
mins, which should be supplemented as follows: folic
acid, 1 mg/day; pyridoxine, 10-20 mg/day; vitamin C
(30-60 mg/day). Vitamin D should be supplemented de-
pending on calcium, phosphorus, and parathyroid hor-
mone levels. Loss of trace elements with haemodialysis
is minimal, but depleted patients should be administered
15 mg/day of zinc and 50-70 ug/day of selenium (Evi-
dence B).

4. Advanced nutritional support should be indicated for
undernourished patients on haemodialysis. Undernutri-
tion is defined as a body mass index < 20 kg/m? a
weight loss greater than 10% in 6 months, serum albu-
min levels lower than 3.5 g/L, and prealbumin levels
lower than 300 mg/L (Evidence C). The following pa-
tients deserve special attention:

a) Patients on haemodialysis with acute concomitant
diseases causing catabolism and in whom adequate
nutritional support is not possible.

b) Stable patients on haemodialysis not reaching the re-
commended oral requirements.

¢) Unconscious haemodialysis patients, e.g. with neu-
rological disease, in nursing homes.

5. The first nutritional support measure are oral supple-
ments (Evidence A).

6. If diet and oral supplements are of no value, nasogastric
tube support should be used (Evidence C).

7. In patients with gastroparesis and who do not respond to
prokinetics, a nasojejunal tube should be the procedure
of choice (Evidence C).

8. In patients who will receive nutritional support for a
long time, endoscopic gastrostomy or jejunostomy
should be used (Evidence C).

9. Standard formulas are recommended for nutritional sup-
port using oral supplements. However, specific formu-
las (taking into account phosphorus and potassium re-
quirements) are recommended for patients with
nasogastric tube nutrition (Evidence C).

Patients on peritoneal dialysis have a number of unique re-
quirements.”* Protein requirements are higher, approxima-
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tely 1.5 g/kg/day. Calories from carbohydrates, approxima-
tely 60% of the total amount, should include the glucose con-
tained in the dialysis fluid. There are studies evaluating the
effect of use of amino acid-based peritoneal dialysis solu-
tions. Results failed to show a significant improvement in
serum protein levels, but there was a trend to an improve-
ment.* No differences were seen in the incidence of peritoni-
tis, hospital stay, and mortality. Another essential difference
was a more liberal diet in these patients, as they undergo daily
dialysis. For instance, potassium intake may be increased to
2000-3000 mg/day. Losses of water soluble vitamins are less
striking. Provision of 10 mg/day of vitamin B, and
100 mg/day of vitamin C is recommended. If patients are re-
ceiving treatment with erythropoietin, iron supplements
should be given as in all other case.
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