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SuMMARY

Nutritional assessment is an indispensable tool for the evaluation and clinical monitoring
of patients with acute kidney injury (AKI). Acute loss of renal function interferes with
the metabolism of all macronutrients, responsible for proinflammatory, pro-oxidative
and hypercatabolic situations. The major nutritional disorders in AKI patients are hyper-
catabolism, hyperglycemia, and hypertriglyceridemia. Those added to the contributions
of the underlying disease, complications, and the need for renal replacement therapy can
interfere in the nutritional depletion of those patients. Malnutrition in AKI patients is
associated with increased incidence of complications, longer hospitalization, and higher
hospital mortality. However, there are few studies evaluating the nutritional status of
AKI patients. Anthropometric parameters, such as body mass index, arm circumference,
and thickness of skin folds, are difficult to interpret due to changes in hydration status
in those patients. Biochemical parameters commonly used in clinical practice are also
influenced by non-nutritional factors like loss of liver function and inflammatory status.
Although there are no prospective data about the behavior of nutritional markers, some
authors demonstrated associations of some parameters with clinical outcomes. The use
of markers like albumin, cholesterol, prealbumin, IGF-1, subjective global assessment,
and calculation of the nitrogen balance seem to be useful as screening parameters for
worse prognosis and higher mortality in AKI patients. In patients with AKI on renal
replacement therapy, a caloric intake of 25 to 30 kcal/kg and a minimum amount of
1.5 g/kg/day of protein is recommended to minimize protein catabolism and prevent
metabolic complications.
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INTRODUCTION

Nutritional assessment is an indispensable tool to moni-
tor and follow-up patients with acute kidney injury (AKI).
This is a complex syndrome and develops in different
situations, with clinical manifestations that can vary from
minimal elevations in creatinine until renal failure that
needs dialysis. Its incidence varies according to the clini-
cal conditions of patients, being higher in the Intensive
Care Unit (20% to 40%)?, where it has a high mortality rate
of about 60%”. Recently, the expression acute renal failure
has been substituted by AKI, which expresses the amplifi-
cation of its concept, allowing its early diagnosis'.

AKT affects not only water, electrolytic, and acid-basic
balance, but it also interferes with the metabolism of every
macronutrient, responsible for proinflammatory, pro-oxi-
dative, and hypercatabolic states. The consequences relat-
ed to AKI are added to the contributions of the underlying
disease and its complications, which can interfere with the
nutritional depletion of those patients*.

Among the metabolic changes more common in AKI
are included hypercatabolism, hyperglycemia, and hyper-
triglyceridemia®.

Factors like insulin resistance, circulation of inflam-
matory mediators, acidosis, increased secretion of cata-
bolic hormones, and inadequate delivery of nutritional
substrates are among the major causes of hypercatabo-
lism in those patients, contributing for the marked loss of
lean body mass through the activation of muscle-protein
catabolism, gluconeogenesis, and changes in amino acid
metabolism seen in those situations*.

Dialysis, which is necessary in many AKI patients, also
shows a harmful interference with the nutritional status by
leading to direct loss of nutrients in the dialysate and inter-
fering with protein homeostasis, according to Ikizler et al.®
in a study with patients on chronic hemodialysis. In that
study, dialysis was responsible for a 133% increase in mus-
cle protein degradation and sustained degradation of total
body protein even after the end of the dialysis.

Due to several conditions that can have important con-
tributions for the reduction of food ingestion and malnu-
trition of patients with AKI, the ISRNM Expert Panel (In-
ternational Society of Renal Nutrition and Metabolism)
proposed a more encompassing and adequate terminol-
ogy. It is known that depletion of muscular and adipose
tissue that characterizes malnutrition is a consequence of
low or inadequate ingestion of nutrients. However, several
conditions inherent to renal disease can also contribute to
this depletion, even with adequate ingestion. Therefore,
considering the several kidney disease-related influences
on malnutrition, the use of the expression “protein-en-
ergy-wasting” (PEW) was considered more adequate to
characterize this situation®. This expression better repre-
sents the negative metabolic consequences of acute loss of
kidney function on the nutritional state.

Thus, PEW is a consequence of situations of malnu-
trition (low ingestion of nutrients), action of uremic tox-
ins, inflammation, and hypercatabolism. And among
the causes for these factors are several related to kidney
disease, such as dialysis (dialysis membrane), loss of nu-
trients that occurs during this procedure, endocrine dis-
orders, presence of comorbidities (diabetes, cardiovascu-
lar disease, infection, advanced age), anorexia, acidosis,
increased inflammatory cytokine production, oxidative
stress, hypervolemia, reduction in ingestion of nutrients,
and prescription of restrictive diets®.

As a consequence of all factors that trigger this syn-
drome, one can observe reduced levels of albumin, preal-
bumin, and lipids, weight reduction, BMC and body fat,
leading to higher rates of hospitalization and mortality®.

The data presented in this review originate from analy-
sis of PubMed data base in the last 20 years by investigating
AKIT and assessment of nutritional status-related key words.

NUTRITIONAL ASSESSMENT

Malnutrition in AKI patients is associated with a higher
incidence of complications, longer hospitalizations, and
higher mortality’. However, it is very difficult to obtain a
reliable nutritional diagnosis considering, mainly, the in-
fluence of non-nutritional factors, such as inflammation
and changes in hydration status, on the interpretation of
available markers. Table 1 summarizes the main nutrition-
al markers that can be used in AKI patients, as well as their
limitations®.

BIOCHEMICAL PARAMETERS

Laboratorial evaluation, composed mainly by visceral pro-
teins (albumin, transferrin, and prealbumin), is a tool used
in several pathologies to monitor the metabolic response to
nutritional support. Factors like reduction of food inges-
tion, disruption of liver function, and inflammatory status
can result in reduction in the levels of those proteins’.
Albumin, the classic malnutrition marker, can lose its
accuracy in AKI patients, since the reduction in its levels is
not always a consequence of the limited energy and protein
substrate intake'. The presence of inflammation, which
prioritizes the production of acute-phase proteins, can be
intense in those patients, making albumin of little value as
a nutritional marker®. However, its use as predictor of mor-
tality has been described in patients with AKI. Chertow et
al." observed hypoalbuminemia as a predictor of mortality
in patients with acute tubular necrosis. In this study, each
1 g/dL increase in serum albumin levels reduced by 44% the
risk of mortality and dialysis. More recently, Obialo et al."?,
in a retrospective study with 100 AKI patients, observed
that, in the absence of multiple organ failure, patients with
serum albumin levels lower than 3.5 g/dL had a relative risk
of death of 3.6 regardless of the presence of sepsis. The use
of this marker in critical AKI patients can be more useful
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Table 1 — Nutritional markers and their limitations in acute kidney injury patients®

Albumin, prealbumin, and cholesterol

Leukocyte count
Changes in body weight

Anthropometry (triceps skin fold,
arm circumference etc)

Protein catabolic rate or protein equivalent
of nitrogen emergence

Energy spending

Nutritional score (SGA and its modifications)
Other potential tools or under development

Growth hormone and IGF-1 levels

Inflammatory markers
(CRP, serum interleukins, and etc)

Bioelectrical impedance analysis

Low specificity

May be reduced regardless of PEW (negative inflammation markers)

Total body water is increased in AKI
Hypervolemia can mask changes in muscle mass

Influence by edema

Measurements require calculations based on urea kinetics during renal RRT
+ collection of the dialysate

Prediction formulas are not always accurate in critically ill patients (they are
usually based on body weight)

Most data are from patients with chronic renal disease

Few data available on AKI

Patient PEW prognostic/risk markers; non-nutritional parameters (they are not
useful for nutritional diagnosis and monitoring)

No data available on AKI

AKI, acute kidney injury; PEW, proteine energy-wasting; RRT, renal replacement therapy.

as a predictor of mortality than a marker of the nutritional
status. The ISRNM recommends that levels below 3.8 g/dL
of albumin can be used as a diagnostic parameter of PEW
in AKI and chronic kidney disease®.

Low cholesterol levels have also been described as pre-
dictors of complications and mortality. Extremely low cho-
lesterol and LDL-cholesterol levels have been described in
critically ill patients due to several factors, such as trauma,
sepsis, hemodilution secondary to bleeding, and liver dys-
function”. In AKI patients, studies have demonstrated
that cholesterol levels have a significant association with
survival. Obialo et al." identified a 50% reduction in sur-
vival of AKI patients who had cholesterol levels lower than
150 mg/dL on admission. More recently, Guimaraes et al.",
in a study with 56 AKI patients admitted to the ICU, dem-
onstrated that cholesterol levels below 96 mg/dL reduced
significant and independently the rate if survival in those
patients. The ISRNM Expert Panel proposed cholesterol
levels below 100 mg/dL among the criteria of biochemical
assessment for the clinical diagnosis of PEW in AKI®.

Prealbumin (transthyretin), also used as a nutritional
marker, has a half-life of about two days, inferior to that of
albumin. Although its interpretation can also be hindered
by the presence of infection, inflammation, and trauma,
some authors have demonstrated interesting data of the
use of this marker as a predictor of survival and marker
of nutritional support. In a longitudinal study evaluating
161 AKI patients, Perez-Valdivieso et al.” demonstrated
that level below 11 mg/dL of prealbumin was associated
with greater mortality in patients with the same prognos-

tic index, classification, and treatment for AKI. Besides, a
5 mg/dL increase was associated with a 29% reduction in
hospital mortality. As a marker of nutritional support, a
prospective randomized controlled study with 120 criti-
cal patients in the ICU showed that, despite a reduction in
length of hospitalization and mortality was not observed,
those patients with greater caloric intake (25 kcal/kg x
11 kcal/kg) had a significant increase of 40 mg/L in pre-
albumin levels at the end of a 7-day follow-up'’. However,
data on its use as a marker of nutritional support in AKI
patients were not found.

Insulin-like growth factor 1 (IGF-1) is a peptide analo-
gous to insulin whose synthesis is influenced by hormonal
and nutritional factors. Its reduction is associated to a lower
survival in AKI patients, as shown by Guimarées et al.".
By evaluating 56 AKI patients, the authors observed that
IGF-1 levels lower than 50.6 ng/mL showed a significant
association to decreased survival regardless of the presence
of sepsis. Patients with lower levels had up to 80% reduc-
tion in survival at the end of 28-day follow-up. The good
correlation of this parameter with nutritional status, serum
stability, and short half-life allow its use as an early and sen-
sitive marker of mortality in critically ill AKI patients™.

HYPERCATABOLISM

Marked hypercatabolism is the main nutritional character-
istic in AKI patients. Situations mentioned, such as insulin
resistance, increased circulation of catabolic hormones,
and acute phase reaction, are among the main factors re-
sponsible for this change.
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It is possible to estimate the extension of catabolism in
those patients through a specific formula for patients with
acute kidney disease. The calculus of the emergence of urea
nitrogen, proposed by Wilfred Druml*, is a method that
allows quantification of catabolic stress in AKI patients
through the sum of the excretion of urine urea nitrogen
and variation in body urea nitrogen. The author also asso-
ciated this extension with the clinical picture of the patient,
mortality rate, and need of dialysis. Thus, in patients with
lower catabolism (loss of nitrogen exceeding up to 5 g the
ingestion of dietary nitrogen), nephrotoxicity is usually
the etiology of AKI, they have a low mortality rate (20%),
and they rarely need dialysis. Surgery and infections are
among the causes of AKI in patients with moderate catab-
olism (nitrogen losses exceeding 5 to 10 g/day) who have
higher mortality rates (approximately 60%), and they may
need dialysis. Finally, patients with marked catabolism are
those with sepsis or severe injuries, with a high mortality
rate (80%), and they frequently need dialysis.

Patients on dialysis, losses in the dialysate should be
added to the total nitrogen losses to provide the final val-
ue for the classification of the catabolism®.

By calculating the difference between ingestion of
dietary nitrogen and total nitrogen losses, we obtain the
nitrogen balance, whose main objective is to evaluate nu-
tritional nitrogen support. In stable patients, one tries to
achieve a positive nitrogen balance between 4 and 6 g/day.
Unfortunately, critically ill patients are hardly capable of
maintaining a positive balance, especially while the situa-
tion of stress is not resolved. Besides, even higher delivery
of dietary proteins can be insufficient to obtain a neu-
tral or positive nitrogen balance in situations of marked
catabolism, such as polytrauma and sepsis’”. The main
objective is the offer of adequate diet to obtain the least
negative nitrogen balance possible to reduce protein ca-
tabolism in those patients.

In the literature, the association of this parameter with
the clinical prognosis in AKI patients on dialysis has been
reported. Scheinkestel et al.’® observed that the nitrogen
balance was inversely associated with hospital and ICU
outcomes. Besides, an increase of 1 g/day in nitrogen bal-
ance caused a 21% increased in survival of those patients.

ANTHROPOMETRY
Anthropometry, which is easy to apply and low cost, is
one of the methods used more often in nutritional evalua-
tion. Although measurements like arm circumference and
skin folds are used as representative of adipose and mus-
cular tissue body compartments'® in several types of pa-
tients, its use in critically ill patients is very limited, since
it seems to reflect more total body water rearrangement
than modifications in body composition®.

On the other hand, Fiaccadori et al.” were able to
demonstrate that AKI patients with prior malnutrition,

according to the diagnosis of the Subjective Global As-
sessment (SGA), also have anthropometric markers, such
as triceps skin fold and circumference of the arm, below
normal for the population investigated had higher mor-
tality rates.

However, the difficulty to standardize those measure-
ments in critically ill patients, as well as the interference
of factors related to changes in the hydration status, make
the use of these data not trustworthy as a tool for nutri-
tional follow-up.

Boby mass INDEX (BMI)

The increase in body mass is classically described as one
of the main risk factors for increased mortality and worse
prognosis in the general population. However, among
AKIT patients, the presence of reverse epidemiology, also
observed in other pathologies, such as chronic kidney
disease, chronic obstructive pulmonary disease, and con-
gestive heart failure, also seems evident. In those patients,
higher BMI values seem to have more advantage in sur-
vival and clinical prognosis®.

A prospective study that analyzed the data of 5,232
AKI patients on dialysis showed that patients with a BMI
between 30 and 35 kg/m? had a 20% reduction in the sur-
vival probability. In this study, despite obesity being an in-
dependent risk factor for the development of AKI, patients
with higher BMI had higher survival rate compared to
those with BMI lower than 25 kg/m?*. One should con-
sider that the BMI is not a perfect measure of body com-
position, since it is influenced by the presence of edema.

BioeLECTRICAL IMPEDANCE ANALYSIS (BIA)

Bioelectrical impedance analysis is a non-invasive method
of body evaluation, easy to use, and low cost. Its analysis is
based on the resistance of the body to the flow of low am-
plitude (800 mA) and high frequency (50 KHz) electrical
current, providing results like impedance, resistance, reac-
tance, and phase angle. To estimate total body water, lean
body mass, cellular body mass, and body fat, BIA assumes
the concept that hydration of bodily tissues is constant in
all individuals, and the human body is similar to a cylinder
that conducts electrical current homogeneously. These are
the main reasons why it is difficult to use it in critically
ill patients, since they have frequent changes in tissue hy-
dration as a consequence of edema, ascitis, IV fluids, and
diuretics?»*%. Due to the lack of validation of the predictive
equation specific for acute situations, there are very few
studies in the literature that have used this tool for nutri-
tional diagnosis and follow-up in AKI patients.

SUBJECTIVE GLOBAL ASSESSMENT (SGA)

Used as an independent predictor of survival in several
diseases, SGA is a simple method based on loss of body
weight, changes in food ingestion, gastrointestinal symp-
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toms, functional capacity, and physical exam for loss of fat
and body mass**. Fiaccadori et al.”, applied this evalu-
ation in 309 AKI patients, of which 67% needed dialy-
sis; it identified 58% who were malnourished, of which
16% were moderately malnourished (SAG B class) and
42%, severely malnourished (SAG C class). Patients
who were severely malnourished had anthropometric and
biochemical parameters, and immunologic nutritional in-
dices significantly reduced compared to those who were
well nourished (SAG A class). Besides, they were also
twice as likely to die regardless of the presence of acute
and chronic comorbidities and complications during hos-
pitalization. These data demonstrate that the diagnosis of
malnutrition, according to the SGA, is an important risk
factor for mortality, regardless of the severity of baseline
disorders in AKI patients.

NEED OF MACRONUTRIENTS

Nutritional support of AKI patients should be similar to
that of other patients in catabolic situations to achieve op-
timal energy, protein, and micronutrient requirements to
prevent PEW, preserve muscular mass, improve healing,
improve immunologic function, and reduce the mortality
rate®.

To achieve the nutritional needs of AKI patients, first,
we should consider the severity of the disease, prior nutri-
tional status, presence of complications, and the type and
intensity of RRT. Those factors have more important role
in determining the supply of nutrients than AKI itself*>%.

CALORIES

Acute renal injury by itself does not cause an increase in
energy spending, and the recommended supply should
not exceed 130% of baseline energy spending>**. To
determine energy requirements, indirect calorimetry
should be applied. Whenever this tool cannot be used,
25 to 30 kcal/kg/day should be supplied®**. Greater
supplementation does not bring any advantages when
their effects on nitrogen balance and metabolic compli-
cations in AKI patients on RRT are analyzed. Fiaccadori
et al.*, comparing individual on diets of 30 kcal/kg and
40 kcal/kg, both with 1.5 g/kg/day of protein, demon-
strated that the higher intake was not associated with ad-
vantages regarding significant improvement in nitrogen
balance, contributing with negative factors, such as hy-
perglycemia, hypertriglyceridemia, greater need of insu-
lin, and greater volume of fluid intake.

According to the European directives, recommenda-
tions for lipids range from 0.7 to 1.5 g/kg/day®. Other
authors recommend the use of about 30% or 1/3 of total
non-protein calories, both using lipid emulsions com-
posed of medium- and long-chain triglycerides®*'. Since
fatty acid oxidation is decreased in AKI, serum triglycer-
ides should be closely monitored, and the administration
of the diet should be discontinued whenever their levels
exceed 400 mg/dL?.

Regarding carbohydrates, the recommendations sug-
gest that 2/3 of total non-protein calories or between 2 to
5 g/kg/day of glucose should be administered®*. Note that
AKI patients on peritoneal dialysis can absorb approxi-
mately 40% to 50% of the total prescribed glucose in the
dialysate, which is an important contribution to the supply
of glucose and it should be considered when calculating
total requirements®.

PROTEINS

Considering that the catabolic rate of protein in AKI pa-
tients on RRT ranges from 1.4 to 1.8 g/kg, the objective of
the upper recommended dose of 1.5 g/kg/day is to mini-
mize nitrogen loss in those patients®. Fiaccadori et al.”!
suggest that protein supply should be based on the degree
of catabolism, according to Table 2.

MICRONUTRIENTS

There are very few studies on the requirements of minerals
and vitamins in AKI patients. The majority of the studies
are on patients with chronic kidney disease. In AKI pa-
tients, losses during dialysis are among the most important
causes of micronutrient depletion. Studies have shown
plasma levels of C vitamin, thiamin, and folic acid below
normal in AKI patients on RRT?**. Table 3 shows nutrient
losses during RRT, as well as the recommended intake.

To conclude, there are very few studies in the literature
assessing the nutritional status of AKI patients. Although
prospective data on the behavior of nutritional markers
are lacking, some authors were able to demonstrate asso-
ciations with clinical outcomes. The use of parameters like
albumin, cholesterol, prealbumin, IGF-1, ASG, and calcu-
lus of the nitrogen balance seem to be useful as screen-
ing parameters for worse prognosis and higher mortality
in AKI patients. In AKI patients on RRT, a calorie intake
of approximately 25 to 30 kcal/kg and a minimum
intake of 1.5 g/kg/day of proteins is recommended to min-
imize protein catabolism and metabolic complications.

Table 2 - Protein recommendations for acute kidney failure patients3!

Protein (essential and non-essential amino acids)

Conservative treatment — low catabolism

On extracorporeal therapy — moderate hypercatabolism

Extended or continuous hemodialysis — severe hypercatabolism

0.8 g/kg/day
1.0 to 1.5 g/kg/day
1.510 2.0 g/kg/day

Rev Assoc Med Bras 2011; 57(5):587-592
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Table 3 — Micronutrient dialysate losses and recommendations3?

Micronutrients

Mean dialysate losses/24 hours

Recommendations (parenteral nutrition)

Chrome 25 pmol 15 pg

Copper 0.41 mg 10to1.2mg

Selenium 110 pg 60 pg

Zinc 0.2 mg 6.5 mg

Vitamin B1 4.1 mg 3mg

Vitamin C 10 mg 100 mg

Vitamin E ND 101U

REFERENCES 16. Bauer P, Charpentier C, Bouchet C, Nace L, Raffy E Gaconnet N.

1. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG Parenteral with enteral nutrition in the critically ill. Intensive Care
et al. Acute Kidney Injury Network (AKIN): report of an intitiative M_ed 2000;26:893_9_00‘ . . . .
to improve outcomes in acute kidney injury. Crit Care 2007;11:1-8. 17. Dickerson RN. Using nitrogen balance in clinical practice. Hosp

2. Ikizler TA. Acute kidney injury: changing lexicography, definitions Phar.m 2005;12:1081-5. . . .
and epidemiology. Kidney Int 2007;71:971-6. 18. Scheinkestel CD, Kar L, Marshall K, Baylei M, Davies A, Nyulasi I et

3. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera al. Prospective randomized trial to assess caloric and protein needs
S et al. Acute renal failure in critically ill patients. A multinational, of critically ill. anuric. ventilated patients requiring continuous renal
multicenter study. JAMA 2005;294:813-8 replacement therapy. Nutrition 2003;19:909-16.

4. Druml W. Nutritional support in acute renal failure. Handbook of 19. We.litzberg .DL’ CorreLRA TI_)‘ Nutritional assessment in the hospi-
Nutrition and the Kidney. 5th ed. Philadelphia: Lippincott Williams talized patient. C.urr Opin Clin Nutr Metab Care _2003;6:531_8'

& Wilkins; 2005. pp.95-114. 20. Druml W, Metnitz B, Schaden E, Bauer P, Metnitz PGH. Impact of

5. Ikizler TA, Pupim LB, Brouillette JR, Levenhagen DK, Farmer K, !Jody mass on incidence and prognosivs of acute kidney injury requir-
Hakim RM et al. Hemodialysis stimulates muscle and whole body ing renal rep lacement therapy. Intenslve Car.e Med 2010;36:122,1_8’_
protein loss and alters substrate oxidation. Am J Physiol Endocrinol 2L B.arbosa—Sllva MC,G’ Barros AID‘_ Bioelectric impedance a.nd indi-
Metab 2002:282:E107-16. vidual characteristics as prognostic factors for post-operative com-

6. Fouque D, Kalantar-Zadeh K, Kopple J, Chauveau P, Cuppari L, phcaFlons. Clin Nutr _2005;24:8?0_8' . ,

Franch H et al. A proposed nomenclature and diagnostic criteria for 22. Karr.urriura Ma, Dra{bf AS, Sigulem DM, .Cupparl L. M.etodfm de
protein-energy wasting in acute and chronic kidney disease. Kidney avah?rga.lo da composicio corporal em pacientes submetidos 4 he-
Int 2008:73:391-8. modidlise. Rev Nutr 2004;17:97-105.

7. Fiaccadori B, Lombardi M, Leonardi S, Rotelli CE, Tortorella G, Bor- 23. Barbosa-Silva MCG, Barros AJD. Indications and limitations of the
ghetti A. Prevalence and clinical outcome associated with preexist- use of st%bject.ive global assessment in clinical practice: an update.
ing malnutrition in acute renal failure: a prospective cohort study. J Curr Opin Clin Nutr Metab Care 2006;9:253_9‘ . .

Am Soc Nephrol 1999;10:581-93. 24. Detsky AS, Smalley PS, Chang J. Is this patient malnourished?

8. Fiaccadori E, Cremaschi E, Regolisti G. Nutritional assessment JAMA. 1994;2,71,:54_8‘ . . .
and delivery in renal replacement therapy patients. Semin Dial 25. Canf’ N, Aparicio M, B.run(.)rl G, Carrero J], Clanc%a.ruso B, Fiacca-
2011;24:169-75. dori E et al. ESPEN Guidelines on Parenteral Nutrition: adult renal

9. Raguso CA, Dupertuis YM, Pichard C. The role of visceral proteins failure. Clin Nutr 2009;28:401-14. . . .
in the nutricional assessment of intensive care unit patients. Curr 26. Brown RO’ Compher C. A‘S'P‘l_:“N‘ Chnl.cal Guidelines: mutrition
Opin Clin Nutr Metab Care 2003;6:211-6. support in adult acute and chronic renal failure. JPEN | Parenter En-

10. Kamimura MA, Baxmann A, Sampaio LR, Cuppari L. Avaliagdo nu- teral Nutr.2010;34:36.6—77. X
tricional. In: Cuppari L. Nutrigao clinica no adulto: guias de medic- 27. S?hn.eewelss B, Graninger W, Stqcker}huber E Druml VV, Ferenc1.P,
ina ambulatorial e hospitalar - UNIFESP. Sao Paulo: Manole; 2002. Eichinger S et al. Energy metabolism in acute and chronic renal fail-
pp.71-108 ure. Am J Clin Nutr 1990;52:596-601.

11. Chertow GM, Lazarus JM, Paganini EP, Allgren RL, Lafayette RA, 28. Wooley JA, Btaiche IF’_ Goo.d' KL. Metab(?lic and nl.lt}‘itional aspects
Sayegh MH. Predictors of mortality and the provision of dialysis in of acute renal failure in critically }ll patients requiring continuous
patients with acute tubular necrosis. The Auriculin Anaritide Acute rénal replacement therapy. Nutr Clin Prac.t 2005;:20:176-91.

Renal Failure Study Group. ] Am Soc Nephrol 1998:9:692-8. 29. Singer P, Berger MM, Van der Berghe G, Biolo G, Calder P, Forbes A.

12. Obialo CL, Okonofua EC, Nzerue MC, Tayade AS, Riley LJ. Role of ESPEN Guidelines on Parenteral Nutrition: intensive care. Clin Nutr
hypoalbuminemia and hypocholesterolemia as copredictors of mor- 2909;281387400‘ . . . o .
tality in acute renal failure. Kidney Int 1999;56:1058-63. 30. Fiaccadori E, Maggiore U, Rotelli C, Giacosa R, Picetti E, Parenti E

13. Gordon BR, Parker TS, Levine DM, Saal SD, Wang JC, Sloan BJ et al. et al. Effects of diferent energy ifltakes on nitrogen b.alance in pa-
Low lipid concentrations in critical illness implications for prevent- tients with acute renal failure: a pilot study. Nephrol Dial Transplant
ing and treating endotoxemia. Crit Care Med 1996;24:584-9. 2905;2011?7&80‘ . . . .

14. Guimardes SM, Lima EQ, Cipullo JP, Lobo SM, Burdmann EA. Low 31. F.1accad.0r.1 E, Parenti E, Maggiore U. Nutritional support in acute
insulin growth factor-1 and hypocholesterolemia as mortality pre- kidney injury. ,] Nephrol 2008;21:645-56. .
dictors in acute kidney injury in the intensive care unit. Crit Care 32. Podel], I-I.odehn»'v.\/etze.:l R, Saha DC, Burns G. Glucose absorption in
Med 2008:36:3165-70. acute peritoneal dialysis. ] Ren Nutr 2000;10:93-7.

15. Perez-Valdivieso JR, Bes-Rastrollo M, Monedero P, de Irala J, 33. Chioléro R, Berger MM. Nutritional Support during renal replace-

Lavilla FJ. Impact of prealbumin levels on mortality in patients
with acute kidney injury: an observational cohort study. ] Ren Nutr
2008;18:262-8.

ment therapy. In: Ronco C, Bellomo R, Kellum JA. Acute Kidney
Injury. Contrib Nephrol. Basel: Karger; 2007. pp.267-74.

592

Rev Assoc Med Bras 2011; 57(5):587-592



