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Abstract
Background: assess whether the current protein intake
recommendations may improve the biochemical parameters of critical patients receiving parenteral nutrition.
Methods: longitudinal study with three evaluations
made (during the first 72 hours, on the 7th and the 14th
days of PN). The following tests were applied: albumin,
C-reactive protein, prealbumin, total cholesterol, HDL,
triglycerides, lymphocytes, and glutathione peroxidase.
The severity was determined by SOFA. The statistical
analysis included the Spearman and Mann-Whitney
tests, as well as ANOVA (analysis of variance).
Results: among the 53 patients evaluated, 20 (37.74%)
died. The mean calorie was 24.68 ± 9.78 kcal/kg (beginning of PN), 26.49 ± 8.89 kcal/kg (3rd to 7th days of PN),
and 30.9 ± 12.19 kcal/kg (7th to 14th days of PN). The
mean protein was 1.19 ± 0.44 g/kcal/kg (first 72 hours
of PN), 1.29 ± 0.44 g/kcal/kg (3rd to 7th days of PN) and
1.49 ± 0.69 g/kcal/kg (7th to 14th days of PN). Prealbumin, albumin, total cholesterol and HDL were below
the reference values, while the CRP levels were high.
Throughout the three evaluation times, there was no a
significant improvement on the levels of laboratory examinations. A strong and negative correlation was found
between SOFA and prealbumin (r = -0.64, p = 0.05).
Conclusions: the protein offer, according to the traditional recommendations, was not enough to improve the
biochemical parameters of critical patients undergoing
parenteral nutrition.
(Nutr Hosp. 2015;32:250-255)
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LAS NECESIDADES PROTEICAS DE
PACIENTES EN ESTADO CRÍTICO QUE
RECIBEN NUTRICIÓN PARENTERAL
Resumen
Introducción: evaluar si las recomendaciones de ingesta de proteínas actuales pueden mejorar los parámetros
bioquímicos de los pacientes críticos que reciben nutrición parenteral.
Métodos: estudio longitudinal con tres evaluaciones
realizadas (durante las primeras 72 horas, en el séptimo y los días decimocuarto de nutrición parenteral). Se
aplicaron las siguientes pruebas: albúmina, proteína C
reactiva, prealbúmina, colesterol total, HDL, triglicéridos, linfocitos y glutatión peroxidasa. La gravedad se
determinó por SOFA. El análisis estadístico incluyó las
pruebas de Spearman y Mann-Whitney, así como ANOVA (análisis de varianza).
Resultados: de los 53 pacientes evaluados, 20 (37,74%)
fallecieron. La caloría media fue de 24,68 ± 9,78 kcal/kg
(comienzo de PN), 26,49 ± 8,89 kcal/kg (tercero-séptimo
días de PN), y 30,9 ± 12,19 kcal/kg (séptimo-décimo cuarto días de PN). La proteína media fue de 1,19 ± 0,44 g/
kcal/kg (primeras 72 horas de PN), 1,29 ± 0,44 g/kcal/kg
(tercero-séptimo días de PN) y 1,49 ± 0,69 g/kcal/kg (séptimo-decimocuarto días de PN). La prealbúmina, la albúmina, el colesterol total y la HDL estaban por debajo de
los valores de referencia, mientras que los niveles de PCR
eran altos. A lo largo de los tres tiempos de evaluación,
no hay una mejora significativa en los niveles de los exámenes de laboratorio. Una correlación fuerte y negativa
entre SOFA y prealbúmina (r = -0,64, p = 0,05).
Conclusiones: la oferta de proteínas, de acuerdo con
las recomendaciones tradicionales, no fue suficiente para
mejorar los parámetros bioquímicos de los pacientes críticos sometidos a nutrición parenteral.
(Nutr Hosp. 2015;32:250-255)
DOI:10.3305/nh.2015.32.1.8913
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Introduction
Total or partial parenteral nutrition (PN) is necessary when the enteral nutrition (EN) may not be used
or does not meet the needs of patients1. In general,
using nutritional support is challenging on an intensive care unit2.
Patients who received care on an intensive care unit
(ICU) do not characterize a homogeneous group, since
diagnostics and complication degrees vary3. However,
the aggression, whether infectious or not, creates a
body response that is similar to stress or trauma. This
response is commonly referred to as systemic inflammatory response syndrome (SIRS) with a major involvement of oxidative stress. It results from an excessive
production of oxidant substances (free radicals) that
require a major production of antioxidants, such as
glutathione peroxidase (GPx)4.
In the case of SIRS, there is a strong glyconeogenesis with mobilization of amino acids from the skeletal
muscle, conjunctive tissue and viscera to repair tissues
and for immunity stimulation (synthesis of immunoglobulins, acute phase proteins), characterizing hypercatabolism5. Considering this great mobilization of
protein reserves, the nutritional support is notoriously
important.
Considering that previous studies indicate that the
amount of protein offered may influence the clinical
condition of the critical patient2-6, the objective of this
study was to evaluate whether the current protein intake recommendations may improve the biochemical
parameters of critical patients receiving parenteral nutrition.
Methods
This longitudinal study was conducted with patients
using PN, admitted to the ICU of a tertiary hospital
of Campinas, SP, Brazil. This study was approved by
the Ethics Committee of the School of Medical Sciences of UNICAMP. The evaluations were conducted on
three different times (during the first 72 hours of PN,
on the 7th and 14th days). Patients were monitored up to
the end for prognostic evaluation (hospital discharge
and death or admission time superior to 8 months –
limit date for data collection).
The criteria to participate in the research were: ICU
admission, use of PN indicated by the physician responsible for the patient and filling out the free and
clear consent term.
The body mass index (BMI)7 was calculated from
the weight and height values that were measured according to Lohman, Roche and Martorell8. When the
patient showed an edema, the weight of the edema was
subtracted from the total body weight, as recommended by Duarte Castellani9.
In circumstances where it was not possible to determine the body weight due to bed rest, an indirect me-
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thod was used to estimate the body weight according
to Chumlea et al.10. Similarly, in order to estimate the
height, the arm spread was considered, according to
Mitchell & Lipschitz11, and the knee height, as suggested by Chumlea, Steibaugh & Guo12.
The anthropometric evaluation was conducted by an
adipometer (Lange Skinfold Caliper®), a stadiometer,
a digital scale (Lider®) with capacity for 300 kg, and
an inextensible tape measurement with 0.1 cm precision.
The albumin, C-reactive protein (CRP), prealbumin,
total cholesterol, HDL cholesterol, triglyceride (TGL)
and lymphocyte levels were dosed at the Laboratory of
Clinical Pathology of the Hospital, using the following
methods, respectively: colorimetric (bromocresol
green), nephelometry, enzymatic colorimetric, direct
enzymatic colorimetric, enzymatic colorimetric and
automated global count (electronic counter) / differential count by microscopy automation.
Regarding glutathione peroxidase (GPx), the
dosage was performed in the Exercise Laboratory
of the Institute of Biology, Unicamp, based on the
technique proposed by Paglia and Valentine13. The
Randox Laboratory’s RANSEL (RS504) ® kit was
used to determine the GPx, which was analyzed
from a 1 ml blood sample collected in a heparinized vial, stored at -80ºC. RANSEL RX Daytona at
340nm was used for reading the samples. Randox
Laboratory’s ransel control (SC692) ® was used as
a control.
Reference values: prealbumin 20 - 40 mg/dL, albumin 3.5 - 5.2 g/dL, total cholesterol < 200 mg/dL and
≥ 150 mg/dL, CRP ≤ 0.3 mg/dL, GPx 4171 - 10881
U/l, Lymphocytes 1000 - 4000/mm3, TGL ≤ 150 mg/
dL and HDL ≥ 40 mg/dL.
In order to classify the risk of complications (no,
low, moderate and high risk of complications), the
CRP/albumin relation was used, according to Correa
et al14.
The evaluation of severity was determined by calculating the score of sequential organ failure assessment
(SOFA)15.
The ESPEN recommendations16 were used to calculate the energy and protein requirement. Subsequently,
the sum of macronutrients actually received by parenteral, enteral and oral routes was made.
Statistical treatment of collected data was performed using the statistical analysis system (SAS), version 9.2 software (SAS Institute Inc, 2002-2008, Cary,
NC, USA). The Spearman correlation coefficient was
used to assess linear association between parameters.
The classification of values of this correlation was
performed according to Mitra and Lankford17, considering from 0.30 to 0.40, a weak correlation; from 0.40
to 0.60, a moderate correlation; and over 0.60, a strong
correlation.
The Mann-Whitney test was used for comparing variables between two groups (death and no death). In
addition, aiming to compare the parameters evaluated,
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considering times and the final outcome, the repeated
measures of ANOVA with rank transformation was
used. A significance level of 5% was adopted.
Results
Fifty-three patients were evaluated (75.47% males
and 24.53% females, with average age of 58.14 years
old) and 20 patients (37.74%) died.
There was no significant difference dead patients
and those who survived in relation to age (p = 0.13).

However, there was a significant difference on the
SOFA values between the groups (death and no death)
(Table I).
A trend was verified, suggesting a higher mortality
rate among patients with lower BMI values (p = 0.056)
(Table I). According to the BMI, most patients 19/26
(73.1%) had a normal weight and 5/26 (19.2%) were
overweight.
There was no significant correlation between SOFA
and CRP, SOFA and GPx. However, a negative and
strong correlation was found between SOFA and prealbumin (Table II).

Table I
Comparison of markers and inflammatory and nutritional status between the groups I (no death) and II (death)
Variable

Group

N

Mean

SD

P-value

SOFA0

I

16

3.39

2.80

0.01*

SOFA0

II

10

6.40

2

CRP

I

32

11.83

8.55

CRP

II

13

11.70

2.50

GPx

I

14

4638.78

1229.44

GPx

II

8

4457.33

3397.30

Albumin

I

28

2.96

2.68

Albumin

II

17

2.22

0.47

Prealbumin

I

29

11.54

6.07

Prealbumin

II

11

8.83

1.84

CRP/albumin

I

28

4.54

0.23

CRP/albumin

II

13

6.24

1.39

BMI

I

19

23.77

15.89

BMI

II

7

21.02

16.36

0.73
0.63
0.30
0.34
0.75
0.056

CRP = C-reactive protein; GPx = glutathione peroxidase; BMI = body mass index
*
significance value, p < 0.05 - Mann-Whitney test.

Table II
Statistically significant correlations between nutritional and clinical markers
Correlations
Albumin and BMI

R-value

P-value

Classification

0.41

0.05

Moderate

Albumin and Total cholesterol

0.45

0.00

Moderate

Albumin and prealbumin

0.43

0.01

Moderate

Prealbumin and CRP

-0.43

0.01

Moderate

Prealbumin and CRP/Alb

-0.50

0.00

Moderate

Prealbumin and total cholesterol

0.35

0.04

Weak

Total cholesterol and CRP

0.34

0.03

Weak

Total cholesterol and CRP /Alb

-0.44

0.01

Moderate

Total cholesterol and TGL

0.46

0.00

Moderate

SOFA and prealbumin

-0.64

0.05

Strong

CRP = C-reactive protein; BMI = body mass index
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Considering the CRP/albumin relation, 29/41
(70.73%), the patients showed a high risk of complications. Among them, 9 (31.03%) died, 2 (6.9%)
remained hospitalized, and 18 (62.07%) were discharged from the hospital. Regarding those patients classified as patients with low or no risk of complications
(5/41; 12.2%), all of them were discharged from the
hospital.
In patients in general, while the prealbumin, albumin, total cholesterol and HDL cholesterol levels were
below the reference levels, the CRP levels were high.
Throughout the three evaluation times, there was no
statistically significant improvement on the levels of
laboratory examinations.
Table III shows the mean calories and macronutrients received by parenteral, enteral or oral nutrition.
Discussion
The negative correlation between the high CRP levels and the low levels of the other examinations (total
cholesterol, HDL cholesterol, and prealbumin) characterized the inflammatory process, according with the
literature18,19,20.
We verified a strong correlation of SOFA and prealbumin. On the research by Sullivan, Sun and Walls21,
they observed that patients with low levels of prealbumin showed a higher death rate. This protein is the
one that is less affected by hepatic diseases and by the
hydration condition22.
In addition, a low activity of GPx was verified (in
the total blood) in most part of the population. Such
enzyme, which depends on selenium, is part of the
defense mechanism, which, according to the severity
of the lesion or the infection, is consumed in a higher
amount.
A trend that suggests a higher mortality rate among
patients with lower BMI values was verified. It is
possible that with a higher sample such correlation is
confirmed and, thus, evaluating the nutritional condition through BMI could be considered a prognostic
factor.
Other studies23,24 reported that low BMI values were
associated with high mortality.

The CRP/albumin relation was not considered a
prognostic instrument. However, all patients classified
as low and no risk patients were discharged from the
hospital. The CRP/albumin relation is effective to classify the risk of complications14,25.
During the inflammation process, a hypoalbuminemia condition is common, mainly on critical patients,
due to the severe reduction on the protein synthesis
and to an increased protein degradation26.
In our study, the offer of 1,19 ± 0,44 g/kg/day of
protein (during the first 72 hours of PN), 1,29 ± 0,44
g/kg/day (3rd to 7th days of PN) and 1,49 ± 0,69 g/kg/
day of protein (7th to 14th day of PN) (according to the
recommendation by ESPEN16) was not enough to improve the levels of prealbumin and other biochemical
parameters, throughout the three evaluation times. It is
possible that this may have happened due to the persistence of a severe inflammation, as indicated by the
consistently high values of CRP.
Gentile et al.27 state that patients who survive infection, sepsis and the systemic inflammatory response
syndrome (SIRS) may progress to persistent inflammation, immunosuppression and catabolism syndrome
(PICS), with rare possibilities of reverting the clinical
condition.
Despite the fact that not all parameters were collected to diagnose PICS, since this was not the objective of this study, most patients met some of the criteria (admission time > 10 days; albumin < 3; CRP >
150 mg / dL; lymphocytes < 800 / mm3).
Therefore, it is undeniable that innovative strategies
are necessary to rebalance the immunological system,
making it possible for the condition to improve and for
the patient to recover.
In the area of nutritional support, one of the strategies that is under discussion is the contribution of
infusing amino acids for protein synthesis28.
In a retrospective study, the offer of 1.2 g/kg/day
of protein was considered ideal29. Another research30
showed a reduction of catabolism due to the ingestion
of protein (1.1-1.5 g/kg/day). Allingstrup et al31 and
Weijs et al6 reported that the supply of protein (1.2-1.5
g/kg/day) was associated to lower mortality.
Singer et al2 recommend the initial offer of 1.5 g/kg/
day of protein, regardless of the calorie intake. In case

Table III
Mean calories and nutrients received by the patient during the three times of assessment
Time

Calories

Cal/Kg

Ptn(g)

Ptn/kg

CHO(g)

CHO/kg

Lip(g)

Lip/kg

Weight (kg)

Up to 72 h

1595,85 ±
541,24

24,68 ±
9,78

76,85 ±
25,75

1,19 ±
0,44

232,33 ±
84,97

3,49 ±
1,55

49,87 ±
16,95

0,79 ±
0,30

65,92 ±
10,7

3rd to 7th day

1790,32 ±
576,8

26,49 ±
8,89

87,44 ±
29,22

1,29 ±
0,44

263,06 ±
90,06

3,70 ±
1,39

54,06 ±
18,58

0,83 ±
0,24

64,07 ±
12,2

7th to 14th day

1947,33 ±
625,6

30,9 ±
12,19

97,80 ±
30,66

1,49 ±
0,69

283,27 ±
93,23

4,45 ±
1,92

57,27 ±
22,41

0,94 ±
0,24

53,0 ±
4,32

Cal = calorie; Ptn = protein; CHO = carbohydrate; Lip = lipids.
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the patients remains under hospitalization, the high
protein intake may be combined with the calories to
avoid proteolysis.
In a systematic review, the authors refer to the lack
of strong evidence, but suggest that offering 2.0-2.5
g/kg/day of protein may be ideal and safe for critical
patients32.
There is a trend in the literature to recommend higher doses of protein to critical patients, however, a
point to be explored would be the maximal protein
dose that may be administered with no adverse effects
and that reflects s noticeable benefits on the laboratory
examinations.
Limitations of the study

4.
5.

6.

7.
8.
9.

BMI is imprecise in critically ill patients because
their hydration condition may alter the body weight.
We tried to minimize the imprecision of the BMI using
the recommendation by Duarte & Castellani9, discounting the weight of the edema found in patients.
To determine the energy requirements, indirect calorimetry is recommended, but, according to ESPEN16
in the absence of indirect calorimetry, 25 kcal/kg/day
of energy is recommended in the initial acute phase,
increasing the target over the next 2–3 days.

10.
11.
12.

13.
14.

Conflict of interest
15.

There are no conflicts of interest to declare.
Financial support of the Coordination for the Improvement of Higher Education Personnel (Capes)
and Fund to Support Teaching, Research and Extension (FAEPEX).

16.
17.
18.

Acknowledgements

19.

Appreciation is mainly to the research participants
who volunteered for the study. The authors thank the
financial support of the Coordination for the Improvement of Higher Education Personnel (Capes) and Fund
to Support Teaching, Research and Extension (FAEPEX). The research was carried at the State University
of Campinas UNICAMP - São Paulo, Brazil.

20.
21.
22.
23.

References
24.
1. Kreymann KG, Berger MM, Deutz NE, et al. ESPEN guideline on enteral nutrition: intensive care. Clin Nutr Edinburgh
2006;25(2):210-223.
2. Singer P, Hiesmayr M, Biolo G, Felbinger TW, Berger MM,
Goeters C, et al. Pragmatic approach to nutrition in the ICU:
Expert opinion regarding which calorie protein target. Clinical
Nutrition 33; 2014: 246-251.
3. Moreno R, Vincent JL, Matos R, Mendonca A, Cantraine F,
Thijs L, et al. The use of maximum SOFA score to quantify or-

254

036_8913 las necesidades proteicas.indd 254

Nutr Hosp. 2015;32(1):250-255

25.
26.
27.

gan dysfunction/failure in intensive care. Results of a prospective, multicentre study. Working Group on Sepsis related Problems of the ESICM. Intensive Care Med 1999;25(7):686-696.
Shenkin A. Selenium in intravenous nutrition. Gastroenterology 2009;137(5): s61-s69.
Lucas MCS, Fayh APT. Estado nutricional, hiperglicemia, nutrição precoce e mortalidade de pacientes internados em uma
unidade de terapia intensiva. Rev Bras Ter Intensiva 2012;
24(2):157-161.
Weijs PJ, Stapel SN, de Groot SD, Driessen RH, de Jong E, Girbes
AR, et al. Optimal protein and energy nutrition decreases mortality in mechanically ventilated, critically ill patients: a prospective
observational cohort study. J Parenter Enteral Nutr 2012;36:60e8.
Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual. Champaign: human. Kinetics
books; 1988.
World Health Organization. Physical Status: the use and interpretation of anthropometry. Geneva, Switzerland: WHO;1995.
(WHO Technical Report Series, nº 854).
Duarte AC, Castellani FR. Semiologia Nutricional. Rio de Janeiro: Ed. Axcel books do Brasil Ltda;2002.
Chumlea WC, Guo S, Roche AF, Steibaugh ML. Prediction of
body weight for the nonambulatory elderly from anthropometry. J Am Diet Assoc 1988;88:564-586.
Mitchell, CO, Lipschitz DA. Arm length measurement as an
alternative to height in nutritional, assessment of the elderly.
JPEN 1982;6:226-229.
Chumlea WC, Guo S, Steibaugh ML. Prediction of stature
from knee height for black and white adults and children with
application to mobility-impaired or handicapped persons. J Am
Diet Assoc 1994;94(12):1385-1391.
Paglia DE, Valentine WN J. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase. Clin Med 1967; 70: 158.
Corrêa CR, Angeleli AYO, Camargo NR, Barbosa L, Burini
RC. Comparação entre a relação PCR/albumina e o índice de
prognóstico inflamatório nutricional. J. Bras. Patol. e Med.
Lab 2002;38:183-190.
Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive
Care Medicine. Intensive Care Med 1996;22:707-710.
Singer P, Berger MM, Berghe GVd, et al. ESPEN Guidelines on
Parenteral Nutrition: Intensive care. Clin Nutr 2009;28:387-400.
Mitra A, Lanforkd S. Research methods in park, recreation and
leisure services. Champaign: Sagamore Publishing; 1999.
Kaplan, M.H. C-reactive protein: relation to disease and pathological significance. Ann N York Acad Sci 1982;389:419-22.
Moldawer LL, Copeland EM. Proinflammatory cytokines, nutritional support, and the cachexia syndrome: Interactions and
therapeutic options. Cancer 1997;79:1828-1839.
Wendel M, Paul R, Heller AR. Lipoproteins in inflammation and sepsis. II. Clinical aspects. Intensive Care Med
2007;33:25-35.
Sullivan DH, Sun S, Walls RC. Protein-energy undernutrition among elderly hospitalized patients: a prospective study.
JAMA 1999;281:2013-9.
Beck FK, Rosenthal TC. Prealbumin: a marker for nutritional
evaluation. Am. Fam. Physician 2002;65:1575-1578.
Garrouste-Orgeas M, Troche G, Azoulay E et al. Body mass index. An additional prognostic factor in ICU patients. Intensive
Care Med 2004;30:437-443.
Escribano JA, Gómez-Tello V, Santana SR. Valoración del estado nutricional en el paciente grave. Nutr Hosp 2005; 20:5-8.
Claxtron, B. The prognostic inflammatory and nutritional index in traumatized patients receiving enteral nutrition support.
J. Parenter. Enteral Nutr,16: 85-6, 1992.
Plank LD, Connolly AB, Hill Gl. Sequential changes in the metabolic response in severely septic patients during the first 23
days after the onset of peritonitis. Ann Surg 1998;228:146e58.
Gentile LF, Cuenca AG, Efron PA, Ang D, McKinley BA,
Moldawer LL, Moore FA. Persistent inflammation and im-

R. G. B. de O. Nascimento Freitas et al.

11/06/15 20:23

munosuppression: A common syndrome and new horizon for
surgical intensive care. J Trauma Acute Care Surg 2012; 72(6):
1491-1501.
28. Biolo G, Toigo G, Ciocchi B, Situlin R, Iscra F, Gullo A, et
al. Metabolic response to injury and sepsis: changes in protein
metabolism. Nutrition 1997;62:S41e4.
29. Ishibashi N, Plank LD, Sando K, Hill GL. optimal protein requirements during the first 2 weeks after the onset of critical
illness. Crit Care Med 1998;26: 1529e35.

Protein needs of critically ill patients
receiving parenteral nutrition

036_8913 las necesidades proteicas.indd 255

30. Plank LD, Hill GL. Energy balance in critical illness. Proc
Nutr Soc 2003;62: 545e52.
31. Allingstrup MJ, Esmailzadeh N, Wilkens Knudsen A, Espersen K, Hartvig Jensen T, Wiis J, et al. Provision of protein and
energy in relation to measured requirements in intensive care
patients. Clin Nutr 2012;31:462e8.
32. Hoffer JL, Bistrian BR. Appropriate protein provision in critical illness: a systematic and narrative review. Am J Clin Nutr
2012;96:591–600.

Nutr Hosp. 2015;32(1):250-255

255

11/06/15 20:23

