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Abstract

Background: Nutrition of critically ill children is a frequently ignored issue. The purpose of this study was to describe
nutritional practices in the pediatric intensive care unit (PICU) in a resource-limited country and evaluate their associa-
tion with prognosis.

Methods: This was a prospective observational study, conducted on critically ill children admitted into PICU. Nutri-
tional status was assessed, and nutritional practices (enteral and parenteral) were recorded. The primary outcome was
PICU mortality.

Results: Two hundred twenty-one patients were recruited. Mortality rate was 17.6%. Parenteral nutrition (PN) admin-
istration and longer PN duration were associated with mortality (p<0.001 for each). Early enteral nutrition was associ-
ated lower rates of mortality (5.6% vs 26.9%, p<0.001); hospital-acquired infections (18.9% vs 67.3%, p<0.001); and
enteral feeding intolerance (13.3% vs 28.8%, p=0.018), compared with late enteral nutrition. Enteral nutrition onset
correlated with length of PICU stay (r,=0.66, p<0.001); mechanical ventilation duration (r,=0.53, p<0.001); vasoactive
infusion days (r,=0.25, p<0.001); central venous catheter days (r,=0.69, p<0.001); and time to full enteral caloric intake
(r,=0.63, p<0.001). Bolus nasogastric feeding was superior to continuous nasogastric feeding since it was associated
with a shorter time to full enteral caloric intake, without a higher risk of feeding intolerance or mortality. Malnutrition
was associated with higher PN (75.4% vs 60.3%, p=0.03) and mortality (26.2% vs 14.1%, p=0.032) rates, in addition to

longer mechanical ventilation duration (p=0.041) and time to full enteral caloric intake (p=0.010).

Conclusion: Malnutrition, PN, and late enteral nutrition are associated with poor outcome of PICU patients. Bolus
nasogastric feeding appears to be superior to continuous feeding.
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Background
Compared with adults, children have a need for growth
and have higher energy requirements, but their energy
reserves per unit of body mass are more limited [1].
Feeding of critically ill children, in particular, continues
to draw attention and raise controversies despite exten-
sive research. Many critically ill children have underlying
chronic health disorders which predispose to nutritional
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deficiencies. Prevalence of acute malnutrition among
hospitalized pediatric patients varies between 6.1% and
32% [1]. Among critically ill children, the rate is 24—45%
[2, 3]. Previous studies demonstrated that the nutritional
status and nutrient delivery have a great impact on clini-
cal outcomes in the pediatric intensive care unit (PICU),
including mortality, length of PICU stay, mechanical
ventilation duration, and incidence of hospital-acquired
infections [3-5].

Strictly speaking, the term “malnutrition” includes both
“undernutrition’ and “overweight” However, the term is
usually used to refer specifically to “undernutrition”

The physiologic basis for malnutrition-associated mor-
tality and morbidity includes dysfunction of the heart,
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liver, and kidney; impaired nutrient digestion and absorp-
tion; atrophy of muscles (including respiratory muscles);
impaired heat generation and loss; atrophy of glands; and
reduced activity of sodium pump, with increased perme-
ability of cell membranes [6].

Unfortunately, many pediatricians still ignore nutri-
tional issues while dealing with critically ill children,
paying exclusive attention to such issues as mechanical
ventilation, vasoactive medications, and antibiotics. The
aim of the present study was to have a global look at the
feeding practices inside the PICU of a resource-limited
country and to investigate their association with out-
comes, which can be of help in updating nutritional pro-
tocols and improving quality of care.

Methods

This was a prospective cohort study conducted on 221
patients admitted into a tertiary PICU, belonging to a
university hospital from January 2019 to February 2021.
The research was reviewed and approved by the Menou-
fia University Faculty of Medicine Research Ethics Com-
mittee, and a written informed consent was obtained
from parents. Critically ill children admitted into PICU
were eligible for inclusion in the study. Exclusion crite-
ria were expected PICU stay <3 days or age <1 month or
>16 years. Upon admission, patients were carefully evalu-
ated. Sepsis screening was performed. Illness severity
was determined through pediatric Sequential Organ Fail-
ure Assessment (pSOFA) score at the end of first 24 h [7].
Anthropometric measurements were recorded on admis-
sion. Malnutrition was diagnosed if body mass index-for-
age z score (or weight-for-length for children<2 years)
was <—2SD. If accurate height/length was not available
(e.g., contractures), weight-for-age z score <-2SD was
used to define malnutrition [8].

Nutritional support of critically ill children was insti-
tuted according to our local protocol. Initially, enteral
feeding was withheld in such conditions as severe res-
piratory distress, shock, multiple organ dysfunction syn-
drome, gastric bleeding, intestinal obstruction, persistent
vomiting, convulsive status epilepticus, recent surgery,
and severe hypernatremic dehydration. If patients were
deemed more stable, enteral feeding was initiated orally,
but if this seemed unsafe (tachypnea, poor sucking, or
swallowing dysfunction), nasogastric feeding was given
by continuous or bolus methods according to physicians’
preferences. Enteral feeding onset was classified as either
“early” or “late” “Early” enteral feeding was defined as
initiation of enteral feeding within the 1st 48 h of PICU
admission. Patients were monitored for enteral feeding
intolerance like increased gastric residual, significant
abdominal distention, bloody gastric aspirate, vomiting,
and increased respiratory distress related to feeding.
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Parenteral nutrition (PN) was given through central
venous catheter (CVC) to supplement, or replace, enteral
feeding, but no definite time was specified for its initia-
tion. Amino acid solution (Aminoven® 10% - Fresenius
Kabi Egypt) was started at 1.5 g/kg/day and increased
gradually to 3 g/kg/day. Carbohydrate was given as 25%
glucose solution at a rate of 5-7 mg/kg/min, which was
changed according to plasma glucose level. Insulin infu-
sion was occasionally added to keep glucose level <180
mg/dL. Lipid emulsion (SMOFlipid® - Fresenius Kabi
Egypt) was infrequently given because of limited avail-
ability. Trace elements solution (Pediatrace- Fresenius
Kabi Egypt) consisted of zinc, manganese, fluoride, cop-
per, iodine, and selenium, at a dose of 1 mL/kg/day (max-
imum 15 mL/day). Water soluble vitamins dose (Soluvit®
N - Fresenius Kabi Egypt) were administered at 1 ml/kg/
day (maximum 10 ml/day). PN was monitored through
periodic laboratory tests, like serum electrolytes, glucose,
hemoglobin, hematocrit, creatinine, blood urea nitro-
gen, bilirubin, albumin, triglycerides, and liver enzymes.
Patients were monitored for two main PN complications,
namely PN-associated liver disease (PNALD) and cen-
tral line-associated bloodstream infections (CLABSI).
PNALD was diagnosed when serum direct bilirubin was
>2 mg/dL for >2 weeks, after exclusion of other causes
[9, 10]. CLABSI was defined according to previous guide-
lines [11]. Ventilator-associated pneumonia (VAP) was
defined according to the Center for Disease Control
(CDC) guidelines [12]

Target caloric intake for enteral and parenteral nutri-
tion was 120 kcal/kg/day for children <1 year. For chil-
dren 1-10 years, the target was 100 kcal/kg/day. For
children >10 years, the target was 35 and 65 kcal/kg/day
for females and males, respectively. For children with
malnutrition, the target in 1st 7 days was 80—100 kcal/kg/
day, but was later increased to 150—220 kcal/kg/day.

Primary outcome of the study was PICU mortality.
Secondary outcomes included PICU stay, mechanical
ventilation duration, vasoactive infusion days, hospital-
acquired infections, CVC days, time to full enteral caloric
intake, and feeding intolerance.

Statistical methods

A sample size of 140 was found to be needed, using Epi-
calc2000 software, based on a previous study, and assum-
ing an alpha level (type I error) of 0.05 and a power of
80%.

Number and percent were used to present qualita-
tive variables. Non-normally distributed data were
expressed as median and interquartile range. Chi-square
test or Fisher exact test was used to evaluate the asso-
ciation between qualitative variables. Mann-Whitney U
test was used for comparing non-normally distributed
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quantitative variables. Correlations between non-nor-
mally distributed variables were performed by Spear-
man’s correlation coefficient. A two-tailed p-value<0.05
was considered statistically significant. All data were ana-
lyzed by SPSS version 23 (Statistical Package for Social
Science) (Chicago, Inc, IL).

Results

Characteristics of the study population

Two hundred twenty-one patients were enrolled. Their
demographic, clinical, and baseline laboratory charac-
teristics are shown in Table 1. Patients were admitted
to PICU for various reasons, mostly respiratory (30.3%),
neurological (29%), and cardiac (10.9%) disorders. Sur-
gery, trauma, and hematology/oncology cases repre-
sented 3.2%, 2.3%, and 3.6%.

The overall mortality rate was 17.6%. Mortality rate was
33.3%, 25%, 20.8%, 20%, 19.4%, 18.8%, 12.5%, and 11.1%
among patients admitted for renal, toxicological, cardiac,
trauma, respiratory, neurologic, infectious, and meta-
bolic disorders, respectively. None died in other patient
categories.

Early versus late enteral nutrition

Table 2 compares between “early” and “late” enteral
nutrition. The “late” subgroup had significantly higher
pSOFA. The rates of mechanical ventilation, vasoactive
medication use, and mortality were significantly higher
among the “late” group. Mechanical ventilation duration,
vasoactive infusion days, CVC days, and PICU stay were
significantly longer among the “late” group. The “late”
group had significantly higher rates of hospital-acquired
infections (mainly CLABSI and VAP) and took a signifi-
cantly longer time to reach full enteral caloric intake.
Enteral nutrition onset demonstrated significant positive
correlations with pSOFA score [Spearman correlation
coefficient (r)=0.21, p=0.003], PN duration [r,=0.82,
p<0.001], mechanical ventilation duration [r,=0.53,
p<0.001], length of PICU stay [r,=0.66, p<0.001], CVC
catheter days [r,=0.69, p<0.001], vasoactive infusion days
[r,=0.25, p<0.001], and time to full enteral caloric intake
[r,=0.63, p<0.001].

General characteristics of survivors and non-survivors
Non-survivors had significantly higher frequencies
of malnutrition, acute respiratory distress syndrome
(ARDS), mechanical ventilation, hospital-acquired infec-
tions, and vasoactive medication use. Non-survivors had
also significantly higher pSOFA, vasoactive infusion days,
mechanical ventilation duration, CVC days, and PICU
stay (Table 3).
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Table 1 Demographic, clinical, and baseline laboratory data of

patients
Variable Patients (n=221)
Age, months 24 (8-60)
Male sex 109 (49.3%)
Weight, kg 102 (6-17.5)
Body mass index 156 (14-18.1)
Malnutrition 65 (29.4%)
Complex chronic conditions 104 (47%)
Sepsis 72 (32.6%)
pSOFA? 5(4-7)
ARDS® 5(2.3%)
Mechanical ventilation 77 (34.8%)
Mechanical ventilation duration, days 0(0-4)
Vasoactive medications 48 (24.6%)
Vasoactive infusion days 0(0-1)
Central venous catheter days 0(0-11)
Hospital-acquired infections 68 (30.8%)
Hospital-acquired infection type
VAP¢ 9 (4%)
CLABSI 42 (19%)
VAP+CLABSI™ 6 (2.7%)
Others™ 10 (4.5%)
PICUSstay, days 8 (4.5-15)
WBC", 1000/pL 12.7 (86-17.9)
Hemoglobin, g/dL 104 (9.3-11.8)
Platelets, 1000/uL 285 (179-390)
CRPY, mg/dL 12 (3-48)
Creatinine, mg/dL 0.5(0.32-0.7)
ALT", U/L 22 (13-45)

Data are expressed as median (interquartile range) or number (%)

2 Pediatric Sequential Organ Failure Assessment core

b acute respiratory distress syndrome

€ ventilator-associated pneumonia

d central line-associated blood stream infections

€ pediatric intensive care unit
f white blood cells

9 C-reactive protein

" alanine aminotransferase

" Statistically significant

" VAP4CLABSI means development of VAP and CLABSI in the same patient at

different times during PICU stay

%

" include urinary tract infections (related to urinary catheterization),

gastroenteritis, and local infections at central or peripheral venous catheter sites

Nutritional variables in relation to mortality

Table 4 shows that PN was not given to some patients due
to a lack of CVC. PN frequency and duration were sig-
nificantly greater among non-survivors. Non-survivors
had significantly shorter oral feeding duration and a sig-
nificantly higher incidence of enteral feeding intolerance.
17.9% of non-survivors reached full enteral caloric intake,
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Table 2 Early versus late enteral nutrition
Variable Early enteral nutrition (< 48 h) Late enteral nutrition (> 48 h) P-value
[n=69] [n=126]

Age, months 36 (7-91) 18 (7.5-60) 0.11
Weight, kg 13 (6-20) 10 (6-16) 0.24
Body mass index 156 (13.5-17.7) 15.6 (14.2-18.2) 0.62
Male sex 33 (47.8%) 60 (47.6%) 0.98
Malnutrition 17 (24.6%) 37 (29.4%) 048
Complex chronic condition 31 (44.9%) 60 (47.6%) 0.72
Sepsis on admission 29 (42%) 58 (46%) 0.62
Admission pSOFA®score 4 (3-6) 5.5 (4-7) 0.004"
PNPgiven 10 (14.5%) 107 (84.9%) <0.001"
PICU“Mortality 1(1.4%) 21 (16.7%) 0.001"
PICU stay, days 4(3-8) 11.5(6.8-18) <0.001"
ARDS? 0 (0%) 3 (2.4%) 055
Mechanical ventilation 3 (4.3%) 56 (44.4%) <0.001"
Mechanical ventilation duration, days 0 (0-0) 0 (0-6) <0.001"
Vasoactive medication use 11 (15.9%) 37 (29.4%) 0.037"
Vasoactive infusion days 0(0-0) 0(0-1.3) 0023
Hospital-acquired infections 12 (17.4%) 50 (39.7%) 0.001"
Hospital-acquired infection type

VAP® 0 (0%) 9 (7.1%) 0.001"

CLABSI 5 (7.2%) 32 (25.4%)

VAP+CLABSI™ 0(0%) 5 (4%)

Others™ 7 (10.1%) 4(3.2%)
Central venous catheter days 0 (0-0) 7 (0-14.5) <0.001"
Enteral feeding intolerance 8 (11.6%) 26 (20.6%) 0.10
Full enteral caloric intake reached 62 (89.9%) 104 (82.5%) 017
Time to full enteral caloric intake, days 1(1-2) 4(23-6) <0.001"

Data are expressed as median (interquartile range) or number (%)
" Statistically significant

" VAP+4-CLABSI means development of VAP and CLABSI in the same patient at different times during PICU stay

*r

2 Pediatric Sequential Organ Failure Assessment core
b parenteral nutrition

¢ pediatric intensive care unit

d acute respiratory distress syndrome

€ ventilator-associated pneumonia

f central line-associated blood stream infection

compared with 87.4% among survivors (p<0.001). No
case of PNALD was diagnosed. The frequency of CLABSI
among patients who received PN was 30.8%, compared
with 5.1% among other children (p<0.001).

Type of nasogastric feeding

No association was found between the initial type of
nasogastric feeding (continuous vs bolus) and mortal-
ity (Table 4). Bolus feeding was associated with a shorter
time to full enteral caloric intake, compared with con-
tinuous feeding: median (interquartile range) were [1

this Includes urinary tract infections (related to urinary catheterization), gastroenteritis, and local infections at central or peripheral venous catheter sites

(1-3) vs 4 (3-6) days, p<0.001]. The frequency of enteral
feeding intolerance was 20.5% among the continuous
subgroup, compared with 11.5 % among the bolus sub-
group (p=0.090). The mechanical ventilation rate among
the continuous group was 21.8%, compared with 38.5%
among the bolus group (p=0.019).

Malnutrition and outcome

Malnourished children had significantly younger ages.
No significant difference was found between patients
with malnutrition and other patients in pSOFA or in
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Table 3 General characteristics of survivors and non-survivors
Variable Survivors (n= 182) Non-survivors (n=39) P value
Age, months 24 (8-69) 18 (6-60) 045
Male sex 87 (47.8%) 22 (56.4%) 033
Weight, kg 11(6-17.5) 8.5 (6-20) 037
Body mass index 15.8 (14.2-18.2) 14.9 (13-17.7) 0.14
Malnutrition 48 (26.4%) 17 (43.6%) 0032
Complex chronic conditions 84 (46.2%) 20 (51.3%) 0.56
Sepsis 58 (40.8%) 14 (35.9%) 0.71
pSOFA? 5 (4-6) 8(6-10) <0.001"
ARDS® 0 (0%) 5 (12.8%) <0.001"
Mechanical ventilation 39 (21.4%) 37 (94.9%) <0.001"
Mechanical ventilation duration, days 0 (0-0) 6 (3-23) <0.001"
Vasoactive medications 36 (19.8%) 25 (64.1%) <0.001"
Vasoactive infusion days 0 (0-0) 3(0-8) <0.001"
Central venous catheter days 0(0-8) 22 (5.5-43) <0.001"
Hospital-acquired infections 43 (23.6%) 25 (64.1%) <0.001"
Hospital-acquired infection type

VAP¢ 3(1.6%) 6 (15.4%) 0.064

CLABSI 28 (15.4%) 14 (35.9%)

VAP+CLABSI™ 3(1.6%) 3(7.7%)

Others™ 9 (4.9%) 1(2.6%)
PICUSstay, days 8(4-13) 13 (6-36) 0.002"
wBCf, 1000/uL 12.8 (8.9-18) 10.1 (7.2-16.4) 0.11
Hemoglobin, g/dL 10.5(9.1-11.7) 10.0 (9.5-12.2) 0.68
Platelets, 1000/uL 297.5 (203.8-409) 241 (128-361) 0.033"
CRPY, mg/dL 9.9 (3-48) 24 (12- 80) 0023
Creatinine, mg/dL 0.4 (0.3-0.6) 0.5(04-0.7) 0.13
ALTh, U/L 20 (12-398) 41(21-130) <0001"

Data are expressed as median (interquartile range) or number (%)
" Statistically significant

" VAP+CLABSI means development of VAP and CLABSI in the same patient at different times during PICU stay

""include urinary tract infections (related to urinary catheterization), gastroenteritis, and local infections at central or peripheral venous catheter sites

2 Pediatric Sequential Organ Failure Assessment core
b acute respiratory distress syndrome

¢ ventilator-associated pneumonia

d central line-associated blood stream infections

€ pediatric intensive care unit

fwhite blood cells

9 C-reactive protein

P alanine aminotransferase

the prevalence of sepsis or complex chronic condi-
tion. Malnourished children had significantly higher
rates of PN, mechanical ventilation, and mortality.
They also took a significantly longer time to reach full
enteral intake (Table 5). CLABSI rate among malnour-
ished children was 27.9/1000 catheter days, compared
with a rate of 29.9/1000 catheter days for other chil-
dren. VAP rate was 12.9 and 13.3/1000 ventilator days,
respectively.

Discussion

Although frequently overlooked, the nutritional status
of critically ill children and the feeding practices applied
to them in the PICU are of paramount importance since
they can affect the clinical outcome.

We found that the frequencies of PN and PN duration
were significantly greater among non-survivors. This
might reflect the increased incidence of enteral feed-
ing intolerance among non-survivors, which entailed
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Table 4 Nutritional data of patients in relation to mortality
Variable Survivors (n=182) Non-survivors (n=39) All patients (n=221) P value
Patients given PN? 107 (58.8%) 36 (92.3%) 143 (64.7%) <0.001"
PN onset, days 2(1-4) 3(1-6) 2(1-5) 0.21
PN duration, days 5(3-8) 8 (5-24) 5(3-9) <0.001"
Enteral nutrition given 160 (87.9%) 35 (89.7%) 195 (88.2%) 0.99
Enteral nutrition onset, days 5.5 (4-9) 9 (5-14) 6 (4-9) 0.001"
Enteral nutrition duration, days 4 (3-8) 52-17) 45 (3-9.8) 0.997
Initial NGPfeeding type
Continuous 72 (47.7%) 6 (33.3%) 78 (46.2%) 0.25
Bolus 79 (52.3%) 12 (66.7%) 91 (53.8%)
Oral feeding duration, days 3(2-4) 0 (0-0) 2(0-4) <0001
NG feeding duration, days 0(0-3) 1 (0-5) 0(0-3) 041
Enteral feeding intolerance 17 (9.3%) 19 (48.7%) 36 (16.3%) <0.001"
Full enteral intake reached 159 (87.4%) 7 (17.9%) 166 (75.1%) <0.001"
Time to full enteral caloric intake, days 3(1-5) 5(1-9) 3(1-5) 0.68

Data are expressed as median (interquartile range) or number (%)
* Statistically significant
2 Parenteral nutrition

b hasogastric

institution of PN. Equally possible, PN contributed to
mortality through increasing CLABSI incidence. Simi-
larly, previous studies showed that nutritional status
and nutrient delivery exert an appreciable impact on
the clinical outcome of critically ill children, including
mortality, length of stay, and hospital-acquired infec-
tions [13]. Of note, no patients developed PNALD
which could be partially explained by infrequent use of
lipid emulsions [10].

The absence of a significant difference in PN onset
between survivors and non-survivors in our study is
consistent with a pediatric multicenter randomized
controlled trial (RCT) that failed to find a significant
difference in mortality between early and late PN. How-
ever, late onset of PN was surprisingly associated with
shorter mechanical ventilation duration, shorter length
of hospital stay, and less need for renal replacement
therapy [14]. Of note, in the latter trial, enteral feeding
was attempted, and micronutrients were administered
intravenously for both groups. Moreover, it was criti-
cized for several methodological issues [8].

Unlike PN, enteral nutrition appeared to be protec-
tive: early enteral nutrition was associated with lower
mortality, which is consistent with previous adult [15]
and pediatric [16] studies. Early enteral nutrition was
also associated with lower rates of mechanical ventila-
tion and vasoactive medication use as well as shorter
vasoactive infusion days, mechanical ventilation dura-
tion, PICU stay, CVC days, and time to reach full
enteral caloric intake.

The link between late enteral nutrition and adverse out-
come might not only be nutrient deficiency but also “hos-
pital-acquired infections” Enteral feeding is known to
reduce bacterial translocation and sepsis: lack of enteral
feeding creates nutrient scarcity in the distal intestinal
tract where the highest burden of intestinal commensal
microflora exists, which normally compete with patho-
gens for nutrients and epithelial cell adhesion sites, in
addition to releasing antibacterial substances. Mean-
while, gut ischemia/reperfusion can cause villous injury,
increased intestinal permeability, and bacterial transloca-
tion [17].

However, it is possible to understand the association
of late enteral nutrition with morbidity and mortality as
follows: the risk of aspiration and feeding intolerance led
physicians to withhold enteral nutrition from the more
critically ill children, who are inherently at higher risk of
mortality and morbidity and are, meanwhile, more likely
to require CVC and mechanical ventilation which pre-
dispose to infections. Undoubtedly, RCTs are required
to prove the causal association of enteral nutrition with
outcomes.

Noteworthy, although enteral nutrition onset was sig-
nificantly delayed among non-survivors, no significant
difference was found in the frequency of enteral nutri-
tion administration between survivors and non-survi-
vors, implying that physicians were aware of the value
of enteral nutrition for all patients, including the more
critically ill. However, these efforts were thwarted due
to a higher rate of enteral feeding intolerance among
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Table 5 Comparison between patients with, and those without, malnutrition
Variable No malnutrition (n=156) Malnutrition (n=65) p-value
Age, months 30 (8.8-72) 12 (5.5-36) 0.001"
Sex 78 (50%) 31 (47.7%) 0.76
PN3given 94 (60.3%) 49 (75.4%) 0032
PN onset, days 1(1-6) 3(1-3) 0.72
PN duration, days 5(3-9) 6 (3-8) 0.94
Enteral nutrition given 141 (90.4%) 54 (83.1%) 0.12
Enteral nutrition onset, days 4(2-7) 45 (2-7) 0.39
Enteral nutrition duration, days 4(2-7.3) 4(2-8) 0.85
Complex chronic condition 72 (46.2%) 32 (49.2%) 0.68
Sepsis 52 (33.3%) 19 (29.3%) 0.58
Admission pSOFA’score 5 (4-7) 6 (4-8) 0.090
Enteral feeding intolerance 24 (15.5%) 12 (18.5%) 0.46
Time to full enteral caloric intake, days 2(1-5) 4(2-7) 0.010°
PICU“Mortality 22 (14.1%) 17 (26.2%) 0.032"
PICU stay 8.5 (4-15) 8 (5-14.5) 0.53
ARDS? 3(1.9%) 2 (3.1%) 063
Mechanical ventilation 46 (29.5%) 30 (46.2%) 0017
Mechanical ventilation duration, days 0(0-2.8) 0 (0-5) 0.041"
Vasoactive infusion days 0 (0-0) 0(0-2) 0.10
Hospital-acquired infections 47 (30.1%) 21 (32.3%) 0.75
Hospital-acquired infection type

VAP® 5 (3.2%) 4(6.2%) 0.31

CLABSIf 27 (17.3%) 15 (23.1%)

VAP+CLABSI™ 5(3.2%) 1(1.5%)

Others™” 9 (5.8%) 1(1.5%)
Central venous catheter days 0(0-10) 5(0-11.5) 0.088

Data are expressed as median (interquartile range) or number (%).
" Statistically significant

" VAP--CLABSI means development of VAP and CLABSI in the same patient at different times during PICU stay

" this Includes urinary tract infections (related to urinary catheterization), gastroenteritis, and local infections at central or peripheral venous catheter sites

2 Parenteral nutrition

b pediatric Sequential Organ Failure Assessment core
¢ pediatric intensive care unit

4 acute respiratory distress syndrome

€ ventilator-associated pneumonia

f central line-associated blood stream infections

non-survivors who were also less able to reach full
enteral caloric intake. Similarly, in a multicenter study of
mechanically ventilated children, intake of a higher per-
centage of energy target through the enteral route was
associated with lower mortality, while PN was associated
with higher mortality [13]. It is, therefore, possible to
consider enteral feeding intolerance a clinical prognostic
marker.

Comparing the initial method of nasogastric feeding,
we found that bolus feeding was superior since it was
associated with shorter time full enteral intake com-
pared with continuous feeding, without a significant

increase in the rate of feeding intolerance or mortal-
ity. Importantly, feeding tolerance was more common
among the bolus group although they had significantly
higher mechanical ventilation rate, which lends more
weight to the safety of bolus feeding. Our findings are
consistent with a small RCT of mechanically ventilated
children wherein bolus feeding was associated with
higher energy and protein delivery, and faster time to
goal volume, without increased risk of aspiration caus-
ing additional lung injury [18]. However, among pre-
mature infants, no significant difference was found
between the two methods in weight gain, incidence of
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necrotizing enterocolitis, or time to full oral feeds [19,
20].

Although the frequency of malnutrition in our study
was high (29.4%), it was lower than in earlier studies [3,
21]. Additionally, malnutrition was associated with mor-
tality and morbidity. This association with mortality can-
not be attributed to greater illness severity on admission
(pSOFA score) or underlying chronic illness.

Similarly, the younger age of malnourished children
does not seem to have contributed to their higher mor-
tality since “age” was not risk factor for death among the
whole study population. Most probably, the younger age
of malnourished children reflects greater survival of nor-
mally nourished children to older ages.

Consistent with our findings, another study found that
malnutrition predicted mortality after adjustment for
age, Pediatric Index of Mortality-2, and complex chronic
conditions [22]. Similarly, an earlier multicenter study
reported an association of malnutrition with mortality
after adjustment for illness severity [5]. Conversely, one
study failed to replicate the association of malnutrition
with mortality [3].

Immune dysfunction is a leading cause of death in mal-
nutrition [5]. It is caused by impaired gut-barrier func-
tion, reduced exocrine secretion of protective substances,
reduced microbicidal activity of granulocytes, low levels
of plasma complement, and atrophy of lymphatic tissues.
A vicious circle occurs, whereby malnutrition leads to
recurrent infections which, in turn, leads to more severe
malnutrition through decreasing appetite, inducing a cat-
abolic state, and increasing demand for nutrients [23].

Surprisingly, we found no association of malnutrition
with hospital-acquired infection. This could be attrib-
uted to the small size of our study population or to the
significantly higher PN rate among malnourished chil-
dren which might have improved their nutritional status
during PICU stay in comparison with other children. If
this explanation proves true, it will mean that the liabil-
ity of malnourished children to infection is not fateful,
and proper nutritional interventions inside the PCIU can
significantly change the scene. Regrettably, we did not
record weight changes throughout the PICU stay.

The higher rate of PN among our malnourished chil-
dren was not due to poorer tolerance of enteral feeding,
but out of caution about advancing enteral feeding to
malnourished children whose digestion and absorption
are impaired and who have limited tolerance of gastroe-
sophageal reflux. Therefore, to achieve certain caloric
intake target, physicians had to rely more on PN.

Consistent with previous studies [3, 5], we noted
greater mechanical ventilation rate and mechanical ven-
tilation duration among malnourished children. Mal-
nutrition adversely affects respiratory function through
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reducing muscle mass and the lack of antioxidant trace
elements and vitamins that might ameliorate ventilator-
induced diaphragmatic dysfunction [24]. Furthermore,
malnourished children frequently have hypophos-
phatemia which causes muscle weakness and extubation
failure through decreasing intermediary compounds for
energy production [25].

Finally, we found, in line with a previous study [22], that
malnutrition was associated with a significantly longer
length of PICU stay, although other researchers failed to
replicate this association [3].

The link between nutritional status and prognosis sug-
gests that feeding is a therapy not less important than
usual medications. Nevertheless, a question that can’t be
answered by data available in the current study is: “Which
is more important: acute or chronic malnutrition?”

Importantly, our study population was heterogeneous.
Of course, the relation of nutrition to the prognosis of
specific groups of PICU patients should be adequately
studied, but this was beyond the scope of the current
research. In fact, it is desirable, in many situations, to
deal with all PICU patients as one lump since many fac-
tors (like acidosis, hypoxia, hypoglycemia, shock, and
nosocomial infections) influence their outcome regard-
less of their specific underlying disease states. Nutrition
is similarly postulated to influence the outcome of vari-
ous PICU patients.

In sum, the present study demonstrates that nutrition
is a mirror through which one can have a general look at
the prognosis of critically ill children. It is hoped that the
study will succeed in raising questions and reviving nutri-
tional issues among pediatric intensivists who sometimes
feel that such issues can be safely ignored in the context
of more serious conditions like mechanical ventilation
and shock.

The present study had some limitations. It represents
a single center’s experience. Undoubtedly, a multicenter
study would yield firmer conclusions. Furthermore, we
assessed several nutritional variables simultaneously,
and it might be preferred to investigate each variable
in a separate study, but our aim from the beginning
was to have a comprehensive, rather than a limited,
view on the importance of nutrition to PICU patients.
Another limitation of the study is its observational
nature. Although RCTs remain the best method of
proving causality, it is prudent to consider the obser-
vational study design as complementary, rather than
rival, analytic technique [26]. RCTs will eventually be
required to answer the question of whether delayed
enteral feeding actually contributed to poor outcome
or delayed enteral feeding was just an epiphenomenon
accompanying illness severity without a real effect
on the outcome. Other patients’ characteristics, like
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hospital-acquired infections, might have similarly con-
founded the effect of nutrition on the outcome. Of crit-
ical importance, RCTs can reveal whether the practice
of withholding enteral feeding from the sicker patients,
as followed in the current study, is harmful or useful.
Finally, the study was conducted in a country with lim-
ited resources, which might have influenced some find-
ings. For instance, lipid emulsions were not consistently
included in PN.

Conclusion

PN is associated with mortality while early enteral
nutrition is associated lower risk of mortality and mor-
bidity. Bolus nasogastric feeding is superior to continu-
ous feeding in that it was associated with a shorter time
to full enteral caloric intake, without increasing feeding
intolerance or mortality. Malnutrition is a risk factor
for mortality, longer mechanical ventilation duration,
and longer time to full enteral caloric intake. The causal
association of nutrition with outcome needs to be
established by RCTs.
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