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Abstract

Objective—The impact of early enteral nutrition (EN) on clinical outcomes in critically ill
children has not been adequately described. We hypothesized that early EN is associated with
improved clinical outcomes in critically ill children.

Design—Secondary analysis of the Heart And Lung Failure Pediatric INsulin Titration
randomized controlled trial.

Setting—35 pediatric intensive care units (ICUs).

Patients—Critically ill children with hyperglycemia requiring inotropic support and/or invasive
mechanical ventilation who were enrolled for at least 48 hours with complete nutrition data.
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Exposures—Subjects received nutrition via guidelines that emphasized EN, and were classified
into early EN (EN within 48 hours of study randomization) and no early EN (EN after 48 hours of
study randomization, or no EN at any time).

Measurements and Main Results—Of 608 eligible subjects, 331 (54%) received early EN.
Both early EN and no early EN groups had similar daily caloric intake over the first 8 study days
(median 36 vs. 36 kcal/kg/day, p=0.93). After controlling for age, body mass index z-scores,
primary reason for ICU admission, severity of illness, and mean vasopressor-inotrope score at the
time of randomization, and adjusting for site, early EN was associated with lower 90-day hospital
mortality (8% vs. 17%, £=0.007), more ICU-free days (median 20 vs. 17 days, p=0.02), more
hospital-free days (median 8 vs. 0 days, £=0.003), more ventilator-free days (median 21 vs. 19
days, p=0.003), and less organ dysfunction (median maximum PELOD: 11 vs. 12, p<0.001).

Conclusions—In critically ill children with hyperglycemia requiring inotropic support and/or

mechanical ventilation, early EN was independently associated with better clinical outcomes.
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Introduction

Adult and pediatric guidelines for nutrition support in critical illness recommend early
enteral nutrition (EN) to improve clinical outcomes (1,2). Early EN promotes and maintains
gastrointestinal mucosal integrity and function (3). The benefits of early EN include fewer
infections and better healing during ICU dependency with overall improved short-term and
long-term clinical outcomes (3-6). While large randomized controlled trials and meta-
analyses in critically ill adults have demonstrated the benefits of early EN in improving
clinical outcomes and reducing costs (7-10), similar data are lacking in critically ill children
(11-14). Nutrition support in critically ill children also needs to account for differences in
growth, development, and metabolism that vary as a function of age and illness state (2).
Though studies in critically ill children have demonstrated beneficial changes in nutritional
biomarkers, nitrogen balance, inflammatory cytokines, and immune mechanisms from early
EN (15-18), it is unclear if these benefits from early EN provided within 48 hours of onset
of critical illness in children translate to improved clinical outcomes.

The Heart And Lung Failure Aediatric /Asulin 7itration (HALF-PINT) study was a
randomized controlled trial that studied tight glycemic control in critically ill children who
required inotropic support and/or invasive mechanical ventilation and developed
hyperglycemia (19). After 50% of planned subject accrual, the study was halted following an
interim analysis that examined the totality of the data and concluded a low likelihood of
benefit and evidence of the possibility of harm from the intervention. Using data from this
cohort of critically ill children enrolled in the HALF-PINT study across 35 centers, we
performed a secondary analysis to study the association of timing of EN and clinical
outcomes. We hypothesized that early EN within 48 hours from randomization into the study
was associated with lower 90-day hospital mortality. Secondary outcome measures included
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28-day hospital mortality, ICU-free days, hospital-free days, ventilator-free days, organ
dysfunction, and healthcare associated infections (HALI).

Materials and Methods

Study Design

The HALF-PINT trial methods have been previously described (20). In this secondary
analysis of subjects who received the HALF-PINT protocol, we included critically ill
children who required inotropic support and/or invasive mechanical ventilation, and
developed hyperglycemia [confirmed blood glucose (BG) = 150 mg/dL (= 8.3 mmol/L)]. We
excluded children with the following criteria: pre-existing diabetes mellitus, chronic
ventilator dependence, limitations of care or redirection of care, inadequate vascular access,
and recent cardiac surgery within the preceding 2 months. We also excluded subjects if 1)
they did not provide study data for at least 48 hours, or 2) provided 48 hours or more of
study data, but did not report any enteral or parenteral nutrition while on study.

All eligible subjects received either EN and/or parenteral nutrition (PN) to provide adequate
energy and protein delivery via a nutrition guideline with an emphasis on use of EN. The
nutrition guideline was a pragmatic algorithm designed for wide acceptance across sites, and
did not curtail feeding goals. All participating sites were encouraged, but not mandated, to
follow this guideline (20,21). The nutrition guideline recommended nutrition screening with
anthropometry measurements to assess nutrition status, and consultation with a registered
dietitian for appropriate prescription for daily energy and protein needs, volume goal, and
formula type (or fluid composition) based on site specific practice. The guideline
emphasized the early initiation of EN whenever feasible, with consideration for parenteral
nutrition if EN was contraindicated or not tolerated. Once EN was initiated, the guideline
recommended advancing feeds in step-wise fashion every 4 hours to goal volume. The
guideline included recommendations to intervene in instances of feeding intolerance as well
as increased gastric residual volumes, as applicable (eFigure 1, Supplemental Digital
Content 1, HALF-PINT nutrition guideline). All enrolled subjects were stipulated to receive
age-specific minimum glucose infusion rates (GIR) to minimize the risk of hypoglycemia.
Subjects younger than 6 years of age were recommended to receive minimum GIR of 5
mg/kg/minute, while subjects older than 6 years of age were recommended to receive
minimum GIR of 2.5 mg/kg/minute (22). This minimum GIR was calculated daily using
both parenteral and enteral carbohydrates. All sites collected detailed nutrition data for each
subject from the time of randomization until study-defined discharge criteria. No nutrition
data was collected on subjects from time of ICU admission to time of study randomization,
or following study-defined discharge criteria.

For this secondary analysis, energy goals for each subject were calculated post-hoc from
age- and sex-specific Schofield energy equations using weight and stature data for each
subject (23). Protein goals for each subject were calculated post-hoc using subsequently
published guidelines jointly released by the Society of Critical Care Medicine and the
American Society of Parenteral and Enteral Nutrition (2). Body mass index (BMI) z-scores
were calculated using World Health Organization (WHQ) Child Growth Standards to
standardize the current nutrition status [underweight (z< -2), normal (-2 < z< 1),
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overweight (z> 1] of the patient [WHO Anthro software (version 3.2.2, 2011) for patients
younger than 5 years and WHO AnthroPlus software (version 1.0.4, 2007) for patients 5
years of age or older]. Inotropic support at randomization was expressed as mean
vasopressor-inotrope score on study day 0/1, severity of illness was expressed as Pediatric
Risk of Mortality score within 12 hours of ICU admission (PRISM I11-12), and organ
dysfunction was expressed as Pediatric Logistic Organ Dysfunction (PELOD) scores (24—
26).

Definitions and Outcomes

Exposure to EN was dichotomously classified as early EN or no early EN. Early EN was
defined as provision of EN within 48 hours of randomization into the study. No early EN
was defined as initiation of EN after 48 hours of randomization into the study (late EN) or
no exposure to EN at any time during study enrollment (no EN). The primary outcome
measure of 90-day hospital mortality was chosen based on prior studies of nutrition support
interventions in critically ill children and adults (27-29). Secondary outcome measures
included 28-day hospital mortality, ICU-free days to day 28, hospital-free days to day 28,
ventilator-free days to day 28, organ dysfunction [expressed as maximum PELOD from Day
2 to Day 28], and HAI reported in the parent HALF-PINT study (19).

Statistical Analyses

Results

Baseline patient characteristics, nutrition, and glycemia summary variables were compared
between patients in the early EN and no early EN groups using Wilcoxon rank sum and
Fisher’s exact tests, as appropriate. Differences in the primary outcome between early EN
and no early EN were determined using logistic regression. Secondary outcomes were
evaluated using proportional hazards regression for time-to-event outcomes, linear
regression for continuous outcomes, and logistic regression for binary outcomes. All
regression models were adjusted a priori for variables that may have influenced the decision
to provide EN: age category, inotropic support at the time of randomization (mean
vasopressor-inotrope score on study day 0/1), BMI zscore category, primary reason for ICU
admission, and severity of illness (PRISM-I1I 12 score), and accounted for PICU site as a
cluster variable to control for site-specific practice using generalized estimating equations.

We repeated these analyses adjusting for BG target range and to evaluate the potential
interaction between BG target range and early EN. Subsequent analyses compared
differences in clinical outcomes in two separate subgroups to address the potential
limitations of the primary analysis group. First, we excluded no EN patients to compare
differences between early and late EN patients. Second, we excluded patients randomized
more than 48 hours after ICU admission and compared differences between early and no
early EN groups. All reported p values are two-sided and were considered to be statistically
significant if less than 0.05.

Of 698 subjects enrolled in the HALF-PINT trial, 608 subjects (87%) from 31 sites were
eligible for this secondary analysis and 331 (54%) received early EN (Figure 1). The median
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time from ICU admission to study randomization was 37 hours [interquartile range (IQR),
22-61 hours] with 399 subjects (66%) being randomized within 48 hours of ICU admission.
The early EN group had fewer subjects with immunodeficiency (2% vs. 6%, p=0.03) or
immunocompromised from bone marrow transplant/cancer chemotherapy (3% vs. 12%,
p<0.001) compared to the no early EN group (Table 1). Subjects in the early EN group
received less inotropic support at the time of study randomization (39% vs. 65%, p<0.001)
and had lower illness severity [median PRISM 111-12 score (IQR), 10 (5-16) vs. 14 (8-21),
p<0.001] with less baseline organ dysfunction [median PELOD score on Day 0 through Day
1 (IQR), 11 (2-12) vs. 12 (11-21), p<0.001] compared to the no early EN group. More
subjects in the early EN group had respiratory dysfunction as the primary reason for ICU
admission compared to the no early EN group (60% vs. 44%). Both groups were
comparably well balanced for other characteristics.

Nutrition Support and Glycemia Measures

While the average daily total caloric intake over the first 8 study days was comparable across
the two groups, the average total daily protein intake was lower in the early EN group
compared to the no early EN group (eFigure 2, Supplemental Digital Content 2). During this
same time period, the early EN group consistently received more enteral calorie and enteral
protein intake compared to the no early EN group (Figure 2). Fewer subjects in the early EN
group received PN compared to the no early EN group (29% vs. 79%, p<0.001) (Table 2).
There were no differences across the groups when stratified for average total daily caloric
intakes as percentages of their respective predicted energy goals. However, early EN patients
received a higher percentage of their cumulative total caloric intake enterally compared to no
early EN (84% vs 22%, p<0.001). Over three-quarters of subjects in each group received a
total caloric intake that was greater than 60% of predicted energy goal during the first 8
study days (78% in early EN and 76% in no early EN). Similarly, 59% of subjects in early
EN and 69% of subjects in no early EN received greater than 60% of predicted protein goal
during the first 8 study days. Target feeds were achieved earlier in the early EN group
compared to the no early EN group [median (IQR), 2 days (1-3) vs. 3 days (1-4), p=0.002].

The early EN group had lower median time-weighted BG averages compared to the no early
EN group [112 mg/dL (6.2 mmol/L) vs. 115 mg/dL (6.4 mmol/L), p=0.02] (Table 2). Fewer
subjects in the early EN group were treated with insulin therapy and received less average
daily insulin dosing compared to the no early EN group. Subjects in both groups received
age specified average daily GIR. There were no differences in hypoglycemia rates across the
two groups.

Clinical Outcomes

The 90-day mortality of the cohort was 12% (71/608). After controlling for age, BMI ~
score, mean vasopressor-inotrope score at the time of randomization, primary reason for
ICU admission, and severity of illness (PRISM-I11 12 score) and adjusting for effect of site
as cluster variable, early EN, compared to no early EN, was associated with lower 90-day
hospital mortality (8% vs. 17%, p=0.007), more ICU free days [median (IQR), 20 (9-24) vs.
17 (0-22), p=0.02], more hospital-free days [median (IQR), 8 (0-17) vs. 0 (0-12), £=0.003],
more ventilator-free days [median (IQR), 21 (13-25) vs. 19 (3-23), p=0.003], and less organ
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dysfunction [median (IQR), maximum PELOD, 11 (11-20) vs. 12 (11-22), p<0.001] (Table
3). There were no differences in 28-day hospital mortality, or HAI across groups. BG target
range did not affect the relationship between early EN and observed clinical outcomes.

After excluding no EN subjects (7=78), early EN was significantly associated with more
ICU-free days [median (IQR), 20 (9-24) vs. 16 (0-22), p=0.005], more ventilator-free days
[21 (13-25) vs. 18 (5-23), p=0.002], more hospital-free days [8 (0-17) vs. 0 (0-12),
p=0.01], less organ dysfunction [maximum PELOD, 11 (11-20) vs. 12 (11-22), p<0.001],
and fewer HAIs (2% vs. 5%, £=0.02) as compared to late EN (eTable 1, Supplemental
Digital Content 3). In addition, after excluding subjects randomized more than 48 hours after
ICU admission (/7=209), early EN was associated with more hospital-free days [11 (0-19)
vs. 3.5 (0-14), p=0.02], fewer HAIs (<1% vs. 3%, p=0.03), and improved trends towards
other outcomes compared to no early EN (eTable 2, Supplemental Digital Content 4).

Discussion

Our study reflects contemporary nutrition support practice for a large cohort of critically ill
children across multiple centers in North America and provides compelling evidence that a
nutrition support strategy of early EN is beneficial and likely to improve both short-term and
long-term clinical outcomes in critically ill children with hyperglycemia. In this secondary
analysis, we observed that early EN initiation within 48 hours following randomization into
the HALF-PINT study was associated with lower 90-day hospital mortality in critically ill
children with hyperglycemia. Early EN was also associated with more hospital-free days,
more ventilator-free days, and less organ dysfunction compared to no early EN.

The better clinical outcomes in the early EN group might be directly due to the benefits of
early EN. The early EN group received a greater median percentage of total caloric intake
via the enteral route during study enrollment in comparison to the no early EN group (84%
vs 22%). These observations in the early EN group demonstrate the feasibility of providing
sustained EN to this population of critically ill children (30). The early EN group also
reached target feeds faster than the no early EN group. Additionally, the average daily total
caloric intake over the first 8 study days in the early EN group was comparable to the no
early EN group with three-quarters of subjects in both groups receiving greater than 60% of
predicted energy goal. The comparable total energy intake across both groups raises the
intriguing possibility that the early provision of EN maybe an even more important factor
than the absolute amount of energy provided in improving clinical outcomes, though it is
possible that this may be of consequence only above a critical energy threshold.
Additionally, the higher average enteral daily protein intake in the early EN group compared
to the no early EN group may have also influenced clinical outcomes favorably in the early
EN group and could reflect the importance of the enteral route for protein intake (31,32).

Alternatively, the combination of more PN exposure, higher GIR, and/or greater insulin
exposure may have adversely impacted clinical outcomes in the no early EN group. The no
early EN group experienced earlier and higher PN exposure with higher average daily GIR
compared to the early EN group. Subjects in the no early EN group had more exposure to
insulin with higher time-weighted BG average measurements compared to the early EN
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group. The impact of timing of PN was explored in a recent randomized controlled trial (The
Early versus Late Parenteral Nutrition in the Pediatric Intensive Care Unit — PEPaNIC) that
compared early versus late PN in critically ill children and observed that early PN was
associated with worse clinical outcomes compared to the late PN group (33). Notably, in the
present study, subjects in the no early EN group had higher average total daily protein intake
compared to those in the early EN group, likely due to greater PN use in the no early EN
group. Interestingly, a secondary analysis of the PEPaNIC study recently raised the
possibility that harm from the use of early PN may be associated with higher doses of
parenterally delivered amino acids, but not glucose or lipids (15,34).

In the present study, significantly fewer children on inotropic support at the time of
randomization received early EN compared to no early EN. Though studies in critically ill
children have demonstrated the safety of EN in children supported with vasoactive infusions
(35,36), our analysis highlights that clinicians tend to avoid early EN initiation in the setting
of hemodynamic instability requiring inotropic support. On the other hand, invasive
mechanical ventilation support did not appear to influence timing of EN initiation, in
contrast to findings from a retrospective cross-sectional study of critically ill children that
identified invasive mechanical ventilation as a risk factor for delay in EN initiation (37,38).
Not surprisingly, very few children with gastrointestinal reasons for ICU admission received
early EN. Children with traumatic injury as the primary indication for ICU admission were
more likely to receive early EN compared to no early EN (11% vs 6%).

While smaller studies in critically ill children have demonstrated beneficial changes in
nutritional biomarkers, nitrogen balance, inflammatory cytokines and immune mechanisms
from early EN (15-18), large randomized controlled trials to study the impact of early EN to
improve clinical outcomes in critically ill children are lacking. A prospective study that
randomized critically ill children to early EN (within 6-24 hours of ICU admission) or late
EN (after 24 hours of ICU admission) did not observe any differences in mortality, measures
of ICU dependency or infections, but was notably underpowered to detect these differences
(39). A recent secondary analysis of nutrition support in children who experienced severe
traumatic brain injury and were managed with therapeutic hypothermia observed that early
EN when provided within 72 hours of initial brain injury was associated with improved
clinical outcomes (40).

We defined the no early EN group as a pragmatic comparison group to include both late EN
and no EN to reflect contemporary real world practice. When we restricted our comparison
to early EN and late EN by excluding no EN, we continued to observe similar trends in
association of early EN with improved clinical outcomes. Though baseline characteristics of
late EN and no EN groups were comparable (data not shown), the no EN group had higher
90-day mortality compared to both early EN and late EN groups.

The present study has several strengths. First, the HALF-PINT study enrolled critically ill
children receiving inotropic support and/or invasive mechanical ventilation, with a high
severity of illness and mortality that enabled us to test our hypothesis that early EN initiation
is associated with clinical improvements in this population. Second, nutrition support data
was rigorously and prospectively collected for the HALF-PINT study with trained data
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abstractors (19). Third, the sample size represents 31 pediatric ICUs and thus reflects current
practice across multiple sites, lending external validity to the results and generalizability to
current care models in North America. Fourth, our study design involved the use of a
standardized approach to nutrition support across sites with the use of guidelines that
emphasized provision of EN with a stepwise algorithmic approach to reaching goal energy
needs (20,21).

Our study was limited by lack of nutrition support data from the time of ICU admission to
the time of study randomization. This limits comparability to other studies that have
traditionally followed nutrition support from the time of ICU admission (26,38,41,42). To
address this limitation in our design, we performed a subgroup analysis to compare
outcomes in subjects randomized within 48 hours of ICU admission and observed similar
outcomes favoring early EN. Additionally, the cohort of critically ill children with
cardiovascular and/or respiratory failure in this study arguably represents a more accurate
and enriched target population that is most likely to benefit from early EN in contrast to
typical pediatric ICU populations that often also consist of less severely ill children
including those frequently admitted for observation. The early EN group had fewer subjects
with immunodeficient states compared to the no early EN group, although both groups had
very few subjects with immunodeficient states. We also did not collect information on
feeding interruptions and site of feeding (gastric vs. postpyloric), both of which are known
to influence the feasibility of early EN in critically ill children (43,44). Though the HALF-
PINT study included a pre-specified nutrition guideline with emphasis on EN that was
distributed to all sites, compliance with this guideline cannot be guaranteed for all subjects.
Challenges included inability to accurately define energy needs in critically ill children to
avoid overfeeding or underfeeding (45). Predictive equations such as Schofield equations are
inferior to indirect calorimetry methods to estimate energy requirements in critically ill
children (46). We attempted to overcome variations in site-specific nutrition practice by
accounting for PICU site as a cluster variable. To account for the possibility that sicker
children may have been less likely to receive early EN, we adjusted for severity of illness
using PRISM-I11 12 score as a marker that may have influenced EN delivery, and noted that
early EN continued to be associated with improved clinical outcomes in this population. As
this was a secondary analysis of the HALF-PINT study, our study was not primarily
powered to study the impact of timing of EN on clinical outcomes. Finally, the results of this
secondary analysis may not be generalizable to other populations of critically ill children as
the parent HALF-PINT cohort enrolled critically ill children with hyperglycemia.

Conclusions

In this secondary analysis of the HALF-PINT study of critically ill children with
hyperglycemia, early EN within 48 hours of randomization into the study was independently
associated with lower 90-day mortality, more ventilator-free days, more hospital-free days,
and less organ dysfunction after adjusting for age, BMI z-score, inotropic support at the time
of study randomization, primary reason for ICU admission, and severity of illness.
Prospective studies to investigate the quantity of EN (both energy and protein) delivered
would be helpful to better characterize the impact of early EN in influencing clinical
outcomes in critically ill children.
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698
received
HALF-PINT protocol

57 provided <48 hours of study data
* 21 deaths
* 36 discharged from ICU

641

provided 248 hours of
study data

33 never recelved enteral or parenteral
nutrition
» 28 recelved only fluid infusions
* 5 did not document nutrition Intake

608

received enteral or
parenteral nutrition

277
331 received no
received early
early enteral
enteral nutrition
nutrition

Figurel.
Flow diagram showing inclusion and exclusion of HALF-PINT subjects.

HALF-PINT= Heart And Lung Failure-Pediatric INsulin Titration, ICU= intensive care unit
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Average daily enteral caloric (A) and protein intake (B) by enteral nutrition group through

Study Day 8.

Data are for the first eight study days (median duration of ICU stay). Panel A shows daily
enteral caloric intake. Panel B shows daily enteral protein intake. In each panel, the boxes
represent the interquartile range and the horizontal lines the median. Pvalues for the

comparison between groups were calculated with the use of Wilcoxon rank-sum tests (not

adjusting for multiple comparisons).
EN= Enteral nutrition
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Table 1.

Baseline Characteristics By Enteral Nutrition Group
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Basdline Characteristics Early EN (n=331) | NoEarly EN (n=277) pa
Lower glucose target group, /7 (%) 159 (48) 139 (50) 0.63
Age group, 77 (%) 0.27

0to2yr 106 (32) 79 (29)

210 <7 yr 89 (27) 66 (24)

7to<18yr 136 (41) 132 (48)
Female sex, 77 (%) 156 (47) 129 (47) 0.94
BMI zscore, 1 (%) 0.14

Underweight (z< -2) 30 (9) 14 (5)

Normal (-2<z<1) 170 (51) 154 (56)

Overweight (2> 1) 131 (40) 109 (39)
Functional impairment (POPC>1), (%) 116 (35) 118 (43) 0.07
Past medical history, 77 (%)

Premature 61 (18) 43 (16) 0.39

Immunodeficiency 7(2) 16 (6) 0.03

Bone marrow transplant or cancer chemotherapy 11 (3) 33(12) <0.001

Dialysis dependent kidney failure 2 (<1) 1(<1) 1.0
Primary reason for ICU admission, n(%)b <0.001

Respiratory (including infections) 200 (60) 123 (44)

Cardiovascular (including shock) 31(9) 61 (22)

Neurologic 32(10) 22(8)

Trauma 36 (11) 17 (6)

Following procedure 22(7) 22(8)

Gastrointestinal or Liver 1(<1) 22 (8)

Other 9(3) 10 (4)
Glucocorticoid therapy at randomization, 77 (%) 162 (49) 146 (53) 0.37
Inotropic support for hypotension at randomization, 77 (%) 128 (39) 179 (65) <0.001
Mean VIS on Day 0 through Day 1, median (IQR) 0 (0-6) 5 (0-13) <0.001
Invasive mechanical ventilation at randomization, 77 (%) 330 (>99) 273 (99) 0.18
ECMO at randomization, 77 (%) 16 (5) 15 (5) 0.85
PRISM I11-12 score, median (IQR) 10 (5-16) 14 (8-21) <0.001
Risk of death in the ICU, according to PRISM I11-12 score, median (IQR) 6.2 (2.1-22.8) 16.6 (3.8-46.4) <0.001
Maximum PELOD score on Day 0 through Day 1, median (IQR) 11 (2-12) 12 (11-21) <0.001

ECMO-= extracorporeal membrane oxygenation, EN= enteral nutrition, ICU= intensive care unit, IQR= interquartile range, PRISM I11-12=

pediatric risk of mortality 111 12 hour model, PELOD= pediatric logistic organ dysfunction, POPC= pediatric overall performance category, VIS =

vasopressor-inotrope score

a . . - - . . . .
Pvalues determined using Fisher’s exact tests and Wilcoxon rank-sum tests for categorical and continuous variables, respectively.
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P Value determined using Pearson’s Chi-square test due to inability to perform exact computations.
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Early EN (n=331) | NoEarly EN (n =277) pa
Nutrition Summary
ﬁ\g};&;ge daily total caloric intake over first 8 study days (kcal/kg/day), median 36 (22-56) 36 (21-58) 0.93
Received <60% of their predicted energy goal, 7 (%)C 74(22) 67 (24) 0.08
Received 60-100% of their predicted energy goal 126 (38) 82 (30)
Received >100% of their predicted energy goal 131 (40) 128 (46)
Average daily enteral caloric intake over first 8 study days 25 (11-44) 1.4 (0-11) <0.001
Percent of total caloric intake received enterally, median (IQR) 84 (56-93) 22 (3-57) <0.001
Average daily protein intake over first 8 study days (g/kg/day), median (IQR)C 10(0.6-1.6) 14(0.7-21) <0.001
Received <20% of their predicted protein goal, /7 (%) 28 (8) 39 (14) <0.001
Received 20-60% of their predicted protein goal 109 (33) 48 (17)
Received >60% of their predicted protein goal 194 (59) 190 (69)
ﬁ\g}gge daily enteral protein intake over first 8 study days (g/kg/day), median 0.84 (0.41-1.28) 0.04 (0-0.40) <0.001
Any parenteral nutrition exposure, 77 (%) 97 (29) 219 (79) <0.001
Glycemia Summary
Time-weighted glucose average (mg/dL), median (IQR) 112 (103-125) 115 (105-132) 0.02
Treated with insulin therapy, 77 (%) 255 (77) 234 (84) 0.02
Average daily insulin dose (units/kg/day), median (IQR) 0.16 (0.003-0.74) 0.37 (0.02-0.96) 0.001
Average daily GIR (mg/kg/min), median (IQR)b
For subjects < 6 years old 5.4 (4.2-6.5) 6.4 (4.6-7.7) <0.001
For subjects = 6 years old 2.5(1.9-3.3) 3.1(2.3-4.5) <0.001
Hypoglycemia, 77 (%)
Severe (<40 mg/dL) 9(3) 14 (5) 0.14
Any (<60 mg/dL) 52 (16) 55 (20) 0.20

EN= enteral nutrition, GIR= glucose infusion rate, IQR= interquartile range

a . . - " . . . .
Pvalues determined using Fisher’s exact and Wilcoxon rank-sum test for categorical and continuous variables, respectively.

b . . . .
178 subjects less than 6 years old and 153 subjects 6 years and older received early enteral nutrition.

CBased on the average daily caloric and daily protein intake over the course of the first eight days.
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Table 3.

Clinical Outcomes By Enteral Nutrition Group
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Clinical Outcomes Early EN (n=331) | NoEarly EN (n =277) Estimate (95% Cl)a pb
90-day hospital mortality, 7 (%) 25 (8) 46 (17) OR =0.43 (0.24-0.80) 0.007
28-day hospital mortality, /7 (%) 23(7) 35 (13) OR =0.56 (0.31-1.03) 0.06
ICU-free days (through Day 28), median (IQR) 20.2 (9.1-23.7) 17.2 (0-22.3) HR = 1.26 (1.03-1.55) 0.02
Hospital-free days (through Day 28), median (IQR) 8 (0-17) 0(0-12) HR =1.62 (1.18-2.23) 0.003
Ventilator-free days (through Day 28), median 21.4 (13.2-24.8) 19.0 (3.0-23.2) HR =1.29 (1.07-1.57) 0.009
(IQR)
Maximum PELOD score (Day 2 through Day 28), 11 (11-20) 12 (11-22) MD =-3.1(-4.8t0-1.4) | <0.001
median (IQR)

- i i i 0,
Healthcare-associated infections, 77 (%) 6(2) 10 (4) OR= 0.470(0.15—1.48) 0.20¢

CI = confidence interval, EN = enteral nutrition, HR = hazard ratio, ICU = intensive care unit, IQR = interquartile range, MD = mean difference,
OR = odds ratio, PELOD = pediatric logistic organ dysfunction.

a - - . . - .
OR <1 indicates fewer events; HR > 1 indicates more ICU-free, hospital-free, and ventilator-free days; and MD < 0 indicates lower maximum
PELOD scores for the early EN group compared to the no early EN group.

Effect estimates and p values comparing early EN and no early EN groups were calculated with the use of logistic, proportional hazards, or linear
regression, as appropriate, adjusting for age category, BMI z-score category, mean vasopressor-inotrope score at randomization, primary reason for
ICU admission, and PRISM-I11 score at 12 hours from ICU admission accounting for site as a cluster variable.

Unadjusted odds ratio and p value comparing early EN and no early EN groups were calculated with the use of univariate logistic regression
accounting for site as a cluster variable due to low counts.
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