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Background & aims: To evaluate the impact of energy deficit during hospitalization and the biomarkers
albumin and C-reactive protein (CRP) on the clinical outcomes length of stay (LOS) and duration of
mechanical ventilation (DMV) in children and adolescents admitted to the pediatric intensive care unit
(PICU) of a private hospital in Rio de Janeiro.
Methods: A longitudinal, retrospective study was conducted of the medical records of patients admitted
to the PICU from May 2016 to June 2017 who received enteral nutrition (EN) for 72 h or longer. The cut-
off points for serum albumin and CRP were set at �3.5 and <2.0, respectively. The energy balance was
calculated as the difference between the energy prescribed and the energy received by the patient. The
comparison of continuous variables related to LOS and DMV was assessed using Student's t-test and the
ManneWhitney test. The significance value was set at p < 0.05.
Results: Ninety-three patients were selected, with a median age of 32 (±39.49) months. The mean serum
albumin and CRP levels were 4.04 (±0.59) and 4.67 (±7.40), respectively. In linear regression models
adjusted for length of stay, reduced albumin, increased CRP, and negative energy balance were positively
associated. In the models adjusted to DMV, the values for reduced albumin and increased CRP were
significant.
Conclusion: A significant association was found between serum albumin and CRP at admission and the
outcomes under investigation, LOS and DMV. Energy deficit was also associated with LOS.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

In pediatric intensive care units (PICUs), enteral nutrition (EN) is
often chosen as a feeding route because of its recognized role in the
treatment of critically ill patients, when it is preferred over
ical ventilation; EN, enteral
PICU, pediatric intensive care
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parenteral nutrition [1,2]. The equations that are most widely used
to calculate nutritional needs in EN the ones proposed by Schofield
[3] and Holliday and Segar [4e6]. To define protein needs, re-
searchers and practitioners follow the ASPEN recommendation of
1.5 g/kg/day for critical children and adolescents [1,6e11], although
some authors suggest protein intake of over 2.5 g/kg/day [12].

Laboratory parameters, such as albumin, transferrin, pre-
albumin, and C-reactive protein (CRP), are routinely measured in
hospitals and can be used to supplement the nutritional evaluation
of critically ill children [7,12e14].

In critical patients, drops in plasma albumin concentrations may
be caused by decreased liver synthesis, increased degradation, and/
or capillary leakage caused by infection or inflammation.
y Elsevier Ltd. All rights reserved.
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Nevertheless, this protein is used as a marker of nutritional status,
and some authors have found results relating hypoalbuminemia to
worse clinical outcomes [13,15,16].

CRP is often measured on admission because it is a marker of
acute inflammation. This biomarker has not been shown to be
effective in the prognosis of critically ill children, and researchers
have recommended further investigation of this relationship in the
PICU setting [17,18].

A high percentage of critical pediatric patients on EN receive a
lower calorie and protein intake than recommended and pre-
scribed for them, and consequently lose weight and become
malnourished during their stay in the PICU. Several studies have
shown that when patients’ nutritional status is impacted by calorie
and protein deficits, this has a negative impact on their outcomes
[1,10,11,13,19,21].

Although some authors have shown, by comparing the pre-
scribed and actual dietary intake of patients, that a negative energy
and protein balance is common in PICUs, there are few results in
the literature on the effect of such deficits on two specific clinical
outcomes: length of stay (LOS) and duration of mechanical venti-
lation (DMV).

The aim of the study was to evaluate what impact an energy
deficit throughout hospitalization and albumin and CRP measured
on admission have on LOS and DVM in patients in a PICU.
2. Materials and methods

2.1. Study design, population, and sample

A retrospective longitudinal study was conducted of children
and adolescents admitted to a private PICU in Rio de Janeiro, Brazil,
who received EN during hospitalization. The sampling method
chosenwas non-probabilistic, meaning that all the eligible patients
in the 14 months prior to the beginning of data collection were
included.
2.2. Eligibility criteria

Patients of both sexes aged between 1 month and 16 years on
exclusive EN who were admitted to the PICU under study were
included. The exclusion criteria were: patients with exclusionary
diseases, patients receiving palliative and/or end-of-life care, pa-
tients with less than three days’ stay in the PICU, and patients who
died within 48 h of admission.
2.3. Data collection

Data for up to 60 days per patient were collected from paper
files with the aid of a data collection instrument developed for the
research.
2.4. Anthropometric evaluation

For the nutritional status evaluation, weight, height and body
mass index (BMI) data were collected and the following ratios were
calculated for the classification: weight/age, weight/height, and
BMI/age.

Subsequently, the z-score was calculated using the software of
the WHO Anthro and AntrhoPlus: Anthro for children up to 5 years
of age and AnthroPlus for patients between 5 and 18 years of age,
version 3.2.2 [22].
2.5. Laboratory evaluation

The variables used included serum albumin and CRP, which
were determined by colorimetric assay and immunoassay, respec-
tively. The results of all the exams requested within 60 days of
admission to the PICU were collected.
2.6. Calculation of nutritional needs

The equation proposed by Holliday and Segar was used to es-
timate energy requirements [4].

In order to estimate protein requirements, the ASPEN [5] rec-
ommendations were used, which range from 3 to 4 g/kg/day for
children under 1 year of age with low birth weight to 2e3 g/kg/day
for children under 1 year of age, and 1.5 g/kg/day for seriously ill
children and adolescents.
2.7. Nutritional therapy

For nutritional therapy (NT) monitoring, data on the type of
catheter used (gastrostomy or nasoenteric tubes), NEC (gastric or
enteric) positioning, the start date of NT, type of enteral formula
(polymeric, oligomeric, or elemental), the prescribed and admin-
istered volume of EN, the type of administration (intermittent or
continuous), duration of NT, the reason for EN suspension, fasting
time, and time taken to reach target energy intake were collected
and evaluationed.
2.8. Clinical evaluation

Patients' risk was classified by the medical team at the time of
admission according to the severity of the disease using the Pedi-
atric Risk of Mortality (PRISM [23]) score and the Pediatric Index of
Mortality 2 (PIM 2 [24]) score.We also collected the number of days
the patients were on mechanical ventilation and the patients’main
diagnoses upon hospitalization.
2.9. Variables

2.9.1. Independent variables
Weight, height, and BMI were evaluated continuously and

categorically.
CRP was evaluated continuously and categorically, and its

reference value was set at <2 mg/dL.
Serum albumin was evaluated continuously and categorically,

and its reference value was set at �3.5 g/dL.
Assessment of severity was based on PRISM and PIM 2, as

recorded in the PICU database by the pediatric intensivist physi-
cian; the data are expressed in points.

Cumulative energy deficit was obtained by calculating the
difference between estimated energy needs and the energy in the
NE received by the patient, and was expressed as an average [5].

Cumulative Protein Deficit was obtained by calculating the
difference between estimated protein requirements and the pro-
tein in the NE received by the patient, and was expressed as an
average [5].
2.9.2. Dependent variables (clinical outcomes)
Length of stay (LOS) was defined by the number of days of

hospitalization, from admission to discharge from the PICU.
Duration of mechanical ventilation (DMV) was defined as the

number of days of ventilatory support during the stay in the PICU.



Table 1
Characteristics of the population sample in the private PICU (pediatric intensive care
unit) in Rio de Janeiro.

Variables Average
(interquartile range)/% (n)

Age (months; n ¼ 93) 32.4 (26.5)
Sex (n ¼ 93)
Female 52.7 (49)
Male 47.3 (44)
Weight (kg; n ¼ 92) 12.4 (6.2)
Height (cm, n ¼ 29) 80.9 (23.8)
Diagnosis during hospitalization (n ¼ 91)
Respiratory insufficiency 70.3 (64)
Sepsis 9.9 (9)
Hematological cancer 3.3 (3)
Solid tumors 2.2 (2)
Post operative 1.1 (1)
Others 13.2 (12)
Albumin on admission (g/dL; n ¼ 71) 4.0 (0.8)
CRP at admission (mg/dL; n ¼ 85) 4.7 (6.0)
PRISM score (n ¼ 93) 1.5 (1.2)
PIM 2 score (n ¼ 93) 5.3 (3.7)
Length of hospital stay (days; n ¼ 93) 13.6 (5.5)
Time on mechanical ventilation (days; n ¼ 93) 11.7 (5.8)

CRP ¼ C-reactive protein; PRISM ¼ Pediatric Risk of Mortality; PIM 2 ¼ Pediatric
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2.10. Data analysis

The data obtained were inputted into the statistical program
Statistical Package for the Social Sciences (SPSS) for Windows,
version 21.0. In the description of the sample, descriptive statistics
were calculated for the data according to the nature of the variables
under study.

The means/medians of the continuous variables related to LOS
and DVT were compared using Student's t-test and the
ManneWhitney test, according to the distribution of the variables.
For the categorical variables, statistical association was verified by
the chi-square test and Fisher's exact test, according to the fre-
quencies in the contingency tables.

Additionally, the linear regressionmodels were adjusted. Simple
linear regression models were used to estimate the crude effect of
each covariate on the study outcomes. Later, in order to estimate
the effect adjusted by the variables considered important by either
statistical or clinical criteria, a multiple linear regressionmodel was
used. The explanatory capacity of the models was measured by the
coefficient of determination (R2). A residue analysis was also per-
formed for eachmultiple regressionmodel. The level of significance
adopted in all the analyses was 0.05.
Index of Mortality 2.

Table 2
Details of nutritional therapy.

Variables Average
(interquartile range)/% (n)

Fasting time before onset of NT (hours; n ¼ 89) 21.1 (17.5)
Time to reach target energy intake (days; n ¼ 93) 2.8 (3.0)
2.11. Ethical considerations

The research was conducted in accordancewith the standards set
forth in Brazilian National Health Council (Conselho Nacional de
Saúde) and received approval from the Research Ethics Committee of
Instituto D’Or de Pesquisa e Ensino (protocol 63829317.5.0000.5249)
on January 26, 2017.
Type of EN administration (n ¼ 93)
nasoenteric 80.6 (75)
gastrostomy 19.4 (18)
Infusion type (n ¼ 87)
Continuous 85.1 (74)
Intermittent 14.9 (13)
Type of formula (n ¼ 93)
Polymeric 79.6 (74)
Hydrolyzed 16.1 (15)
Elementary 1.1 (1)
3. Results

The medical records of 93 patients who received EN in the PICU
and fitted the eligibility criteria were included (Fig. 1). Of this total,
49 patients (52.7% of the sample) were female, with a mean age of
32 months. Despite being a mixed unit, most of the patients had
Total PICU 
admissions in 14 

months 
n = 500

Study total
n = 93 patients

Selected for 
Enteral Nutrition

n = 117

Excluded - oral 
nutrition, 

hospitalization of 
less than 3 days, 

parenteral nutrition
n = 383 

hospitalizations

Records not located
n = 24 

hospitalizations

Fig. 1. Sample flowchart.

Modulated 3.2 (3)
Complications (n ¼ 29)
Diarrhea 8.6 (8)
Intestinal constipation 18.5 (17)
Nausea and vomiting 3.2 (3)
Obstruction 1.1 (1)
Interruption of diet (n ¼ 22)
Intolerance 4.3 (4)
Exams and procedures 19.4 (18)

NT ¼ nutritional therapy; EN ¼ enteral nutrition.
clinical diagnoses on admission, 70.3% of which were for respira-
tory failure. The characteristics of the sample are shown in Table 1.

NTwas evaluated as shown in Table 2. Themean time to onset of
the diet was 21 h and the mean time to reach target energy intake
was 2.8 days. The most frequent route of administration, type of
infusion, and type of formula were nasoenteric, continuous infu-
sion, and polymeric formula, respectively. There were interruptions
Table 3
Average estimated energy requirement and energy received by the sample.

Variables Average ± SD

Estimated energy requirement (Kcal, n ¼ 93) 1024.5 ± 344.4
Energy received (Kcal, n ¼ 93) 809.3 ± 187.7

SD ¼ standard deviation; Kcal ¼ kilocalorie.



Table 4
Adjusted linear regression models of energy deficit and clinical and laboratory variables for the outcome “length of stay” in days.

Models not set Adjusted models

Estimate CI 95% P Estimate CI 95% P

Energy deficit (%) 0.25 0.07 e 0.43 0.01 0.23 0.07 e 0.40 <0.01
PRISM 1.18 �0.43 e 2.79 0.15 0.18 �1.39 e 1.76 0.82
Albumin on admission �11.31 �17.40 e 5.21 <0.01 �13.35 �20.18 e 6.52 <0.01
CRP on admission 0.03 �0.44 e 0.49 0.91 �0.58 �1.07 e 0.09 0.02
Fasting time before onset of NT (hours) 0.26 0.05 e 0.47 0.02 �0.02 �0.22 e 0.19 0.84
Time taken to reach target energy intake (days) 0.87 �0.57 e 2.32 0.23 0.88 �0.47 e 2.24 0.2
Aged up to 24 months �7.7 �14.66 e 0.75 0.03 �0.84 �7.70 e 6.02 0.81

CI ¼ confidence interval, PRISM ¼ Pediatric Risk of Mortality, CRP ¼ C-reactive protein, NT ¼ nutritional therapy. R2 of the adjusted model ¼ 0.32.

Table 5
Adjusted linear regression models of energy deficit and clinical and laboratory variables, for the outcome “duration of mechanical ventilation”.

Models not set Adjusted models

Estimate CI 95% P Estimate CI 95% P

Energy deficit (%) 0.22 0.02 e 0.42 0.03 0.19 �0.02 e 0.39 0.08
PRISM 0.95 �0.77 e 2.68 0.28 �0.09 �2.04 e 1.86 0.93
Albumin on admission �11.4 �18.29 e 4.51 <0.01 �13.98 �22.50 e 5.47 <0.01
CRP on admission 0.02 �0.49 e 0.53 0.93 �0.66 �1.27 e 0.05 0.03
Fasting time before onset of NT (hours) 0.26 0.04 e 0.49 0.02 0.02 �0.23 e 0.27 0.85
Time taken to reach target energy intake (days) 0.94 �0.61 e 2.48 0.23 0.81 �0.88 e 2.50 0.34
Age up to 24 months �8.56 �15.98 e 1.13 0.02 �1.33 �9.88 e 7.23 0.76

CI ¼ confidence interval, PRISM ¼ Pediatric Risk of Mortality, CRP ¼ C-reactive protein, NT ¼ nutritional therapy. R2 of the adjusted model ¼ 0.20.
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in the diet in 23.7% (n ¼ 22) of the patients and complications
associated with NT in 31.4% (n ¼ 29) of the sample. The cumulative
energy deficit was calculated as the difference between the esti-
mated energy requirements and actual energy administered (see
Table 3). On average, the patients in the sample received 21% fewer
calories than were prescribed by the PICU team.

For the analysis of the clinical outcomes, the adjusted linear
regression models (Tables 4 and 5) related serum albumin and CRP
on admission to both outcomes, LOS and DVT. The cumulative en-
ergy deficit significantly increased LOS.

4. Discussion

In this study, we found an association between the clinical
outcomes length of stay (LOS) and duration of mechanical venti-
lation (DMV) and the serum albumin concentration and CRP of
critically ill children on admission to a PICU. The energy deficit in
the EN received during hospitalizationwas associated with a longer
LOS in the children in the PICU, but not with DMV.

Hypoalbuminemia is well established as a predictor of mortality
in critically ill patients, including children, however its association
with LOS and DMV is not well established [15]. In a review, Ong
et al. [13] found eight studies that evaluated albumin and clinical
outcomes in critically ill children, five of which were conducted in
mixed PICUs, like the unit under study here. Only one study
revealed an association between albumin and LOS. Kittisakimontri
et al. [15] found a similar result to that of the PICU under study here
when comparing the variables between the hypoalbuminemic and
nonhypoalbuminemic groups. Patients with hypoalbuminemia had
prolonged LOS and DMV.

A Brazilian study of a PICU in a teaching hospital that evaluated
60-day mortality, LOS, and DMV revealed that albumin and CRP on
admission were associated with the outcomes under study, in line
with our findings. Hypoalbuminemia was found to be a factor in-
dependent of the magnitude of the inflammatory response,
severity of the disease, and nutritional status [16].

In the models adjusted to the other variables, CRP was signifi-
cantly associated with LOS and DMV. In a classic study of critically
ill postoperative children, Alaedeen et al. [25] found CRP to be a
major determinant of clinical outcomes, obtaining significant re-
sults in the relation between CRP and LOS. However, in Rey et al.‘s
[17] evaluation of biomarkers, including CRP, they reported no
relationship between protein and mortality among critically ill
children. Evaluating associations with patient mortality was not an
objective of this research, an event that was not significant among
the sample (n ¼ 3), but the other clinical outcomes were still
questioned, making the association found important data for the
literature.

Both biomarkers, albumin and CRP, have known limitations in
critically ill patients and require further studies to define cutoff
points suitable for use in PICUs, but they are nonetheless widely
available in clinical practice and could be used both for assessments
of prognostic impact and for nutritional assessments [13,15].

The inadequate energy intake of patients receiving EN, causing
energy deficits, is common in PICUs and is corroborated by this
research. Kyle et al. [9] found that 75% of the calories and 40% of the
estimated total proteins were infused in the patients eight days
after initiation of NT. In another PICU, 49% and 44% of critically ill
children received an adequate supply of calories and protein,
respectively [26]. In Brazil, 40% of patients in a PICU had a satis-
factory total energy intake [20].

Currently, energy and protein deficit in NT has been widely
studied and has been found to have a significant impact on the
outcomes of critically ill children [27]. Mehta et al. [1], associ-
ating a negative balance of EN with higher mortality in PICUs, but
the literature is scarce in relation to clinical outcomes. Corrobo-
rating the results of the present study, Larsen et al. [27] evaluated
139 children in a PICU and found a significant association be-
tween calorie deficit and the outcomes LOS and DMV when
comparing underfeeding, overfeeding, and appropriate feeding,
while protein balance was not effective in demonstrating this
association.

There may be practical reasons for energy deficits to occur in
NT in PICUs, such as inadequate energy requirement estimates,
late onset of NT (over 48 h), frequent interruptions of the diet,
and factors related to the treatment and the patient (severity of
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the disease, use of vasoactive medications) [26,28]. In the unit
where the research was conducted, the time lapse between
admission and commencement of ET was considered satisfactory
(average of 21 h) according to the most recent ASPEN guidelines
for critically ill children, which sets this time at 24 h, and this
data was related to both outcomes when analyzed independently
[7]. Similarly, the number of interruptions (n ¼ 22) was below the
average of two interruptions per patient found in the literature
[29].

The PICU under study used the energy requirement calculation
proposed by Holliday and Segar [4], but several authors have sug-
gested that the predictive equations may underestimate patients'
energy expenditure. This could influence whether calorie intake is
sufficient and could impact nutritional status during hospitaliza-
tion and be related to worse outcomes [9,10]. In a review of data on
nutritional status in association with mortality, LOS, and DMV,
Costa et al. [14] found a significant association with at least one of
the outcomes in all the selected studies.

An important limitation of this research is related to nutritional
assessment. Since this was a retrospective study, the lack of data on
patients' height in the medical records made it impossible to
classify BMI/height, weight-for-height, and height-for-age formuch
of the sample. The ASPEN guidelines recommend that weight and
height be measured on admission, and thenceforth classified as
BMI/height and in the absence of stature, weight-for-age should be
used. In a systematic review, Costa et al. [14] found that these
indices are the most frequently used nutritional assessment
methods in PICUs, but that many of the studies mentioned the
difficulty of making anthropometric measurements a limiting fac-
tor for this population.

Poor nutrition was not a significant finding in this study, and
probably would not be statistically associated to the outcomes.
Weight-for-age was used to calculate the z-score; 75.5% of the
patients were found to be normal weight and 13% were malnour-
ished on admission. When using this isolated index for evaluation,
our sample was found to have a better nutritional status than the
children and adolescents from the PICU in southern Brazil, where
41.2% of the patients were classified as malnourished. Nutritional
status at admission in this Brazilian study was considered a pre-
dictor of DMV [30].
5. Conclusion

The cumulative energy deficit in this PICU was related to higher
LOS, corroborating other studies. This fact underscores the impor-
tance of the existence of defined protocols, the use of quality in-
dicators in NT, and trained staff, all of which could help reduce LOS,
which could result in lower costs for the hospital unit.

Albumin and CRP upon admissionwere related to worse clinical
outcomes for the critically ill children in our study, in terms of LOS
and DMV. This finding reaffirms the importance of using these
parameters in the evaluation of critical pediatric patients even
though they may be altered.
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