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Abstract

Objective—To understand the relationship between the timing of initiation of nutritional support 

in children with severe traumatic brain injury (TBI) and outcomes.

Design—Secondary analysis of a randomized, controlled trial of therapeutic hypothermia 

(Pediatric Traumatic Brain Injury Consortium: Hypothermia, also known as the Cool Kids Trial 

(NCT 00222742).

Setting—Fifteen clinical sites in the US, Australia and New Zealand.

Subjects—Inclusion criteria included: (i) age < 18 y, (ii) post-resuscitation Glasgow coma scale 

(GCS) ≤ 8, (iii) GCS motor score < 6 and (iv) available to be randomized within 6 h after injury. 

Exclusion criteria included: normal head CT, GCS = 3, hypotension for > 10 min (<5th% for age), 

uncorrectable coagulopathy, hypoxia (SaO2 < 90% for > 30 min), pregnancy, penetrating injury 

and unavailability of a parent or guardian to consent at centers without emergency waiver of 

consent.

Interventions—Therapeutic hypothermia (32 – 33°C for 48 h) followed by slow rewarming for 

the primary study. For this analysis, the only intervention was the extraction of data regarding 

nutritional support from the existing database.
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Measurements and Main Results—Timing of initiation of nutritional support was 

determined and patients stratified into 4 groups (Group 1 – no nutritional support over first 7 days; 

Group 2 – nutritional support initiated < 48 h after injury; Group 3 – nutritional support initiated 

48 h - < 72 h after injury; Group 4 – nutritional support initiated 72 h – 168 h after injury). 

Outcomes were also stratified (mortality and Glasgow Outcomes Scale-Extended for Pediatrics 

[GOS-E Peds; 1–4, 5–7, 8] at 6 m and 12 m. Mixed-effects models were performed to define the 

relationship between nutrition and outcome. Children (n = 90, 77 randomized, 13 run-in) were 

enrolled (mean GCS= 5.8); the mortality rate was 13.3%. 57.8% of subjects received hypothermia 

Initiation of nutrition before 72 h was associated with survival (p = 0.01), favorable 6 m GOS-E 

Peds (p = 0.03) and favorable 12 m GOS-E Peds (p = 0.04). Specifically, groups 2 and 3 had 

favorable outcomes versus Group 1.

Conclusions—Initiation of nutritional support before 72 hours after TBI was associated with 

decreased mortality and favorable outcome in this secondary analysis. While this provides a 

rationale to initiate nutritional support early after TBI, definitive studies that control for important 

co-variates (severity of injury, clinical site, calories delivered, parenteral/enteral routes and other 

factors) are needed to provide definitive evidence on the optimization of the timing of nutritional 

support after severe TBI in children.
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Introduction

According to the Centers for Disease Control, more than 73,000 children (age ≤ 19 y) died 

of traumatic brain injury (TBI) between 1997 and 2007 (1) and more than 145,000 children 

were living with a TBI-related disability in 2005 (2). Despite this burden of disease, specific 

treatments or therapeutic maneuvers to improve outcomes – mortality or neuropsychological 

health – have proven elusive.

For decades, evidenced-based guidelines for the management of severe TBI have been 

published (3, 4) and all editions – for both adults and children - have emphasized the 

importance of nutritional support. In the earliest editions of the guidelines, literature 

regarding caloric requirements after TBI (5–9) and the role of hyperglycemia (10–12) led to 

initial recommendations regarding these parameters. Contemporary guidelines for adults 

with severe TBI emphasize the timing/quantity of nutritional support (Level IIA 

recommendation that patients should be fed to attain basal caloric replacement at least by the 

5th day and, at most, the 7th day after injury) and method of feeding (Level IIB 

recommendation that transgastric jejunal feeding should be initiated to reduce the incidence 

of ventilator-associated pneumonia) (13). For children, current guidelines state only that an 

immune-enhanced diet is not recommended due to lack of efficacy (14, 15). Newer studies 

have begun to address the issue of timing of nutritional support (16–18), yet these have not 

been incorporated into guidelines to date. In summary, while there has been some evidence 

emerging regarding the timing of nutritional support for children, concrete recommendations 

regarding nutritional support have not yet been established.
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In addition to limitations of evidenced-based guidelines, it has become apparent that 

randomized, controlled trials have significant limitations in the field of severe TBI. Lingsma 

and colleagues found that significant inter-center variations in outcomes existed between 

hundreds of international studies that likely diminished the ability of the studies to prove 

their primary endpoint (19) and Clifton has previously argued that such variation played a 

role in a failed trial of therapeutic hypothermia (20). We have recently completed a 

randomized, controlled trial of therapeutic hypothermia for children with severe TBI that 

failed to show an effect on mortality (Pediatric Traumatic Brain Injury Consortium: 

Hypothermia, also known as the Cool Kids Trial, NCT 00222742)(21). We chose to perform 

a secondary analysis of this clinical study to determine the potential impact of the timing of 

initiation of nutritional support on important outcomes that were prospectively measured by 

the study. Specifically, we hypothesized that early institution of nutritional support would be 

associated with reduced mortality and a favorable effect on functional outcome (as measured 

by Glasgow Outcome Scale score Extended for Pediatrics (GOS-E Peds) at 6 months and 12 

months after injury.

Methods

The University of Pittsburgh Institutional Review Board reviewed and approved the study. 

At participating institutions, principal investigators obtained informed consent from parents/

guardians for randomization to receive hypothermia or normothermia treatment as well as 

data collection from medical records. In one center, emergency waiver of consent for 

randomization followed by obtaining consent from the parents was permitted and one 

subject was enrolled in this manner. As a part of the overall study, details regarding a 

number of medical treatments, including the management of metabolic support, were 

collected. This is a secondary analysis of this information.

The Pediatric Traumatic Brain Injury Consortium: Hypothermia (also known as the Cool 

Kids Trial, NCT 00222742) was a phase 3, multi-national, randomized, controlled trial 

designed to assess the efficacy of early, moderate hypothermia (32 – 33°C) with slow 

rewarming on mortality after pediatric traumatic brain injury (21). Specifically, children 

were randomized to receive hypothermia for 48 hours or controlled normothermia – with 

randomization required within the first 6 hours after injury with the primary outcome of 

improving outcomes at 6 months after injury. Children were eligible for inclusion if they 

were less than 18 years of age, had a Glasgow coma scale (GCS) ≤ 8, a GCS motor score < 6 

after resuscitation and were available to be randomized within 6 hours after injury. 

Exclusion criteria included a normal head CT, Glasgow coma score of 3, hypotension for > 

10 minutes (defined as <5th percentile for age), uncorrectable coagulopathy, hypoxia 

(oxygen saturation <90% for >30 min after resuscitation), pregnancy, penetrating injury and 

unavailability of a parent or guardian to consent at centers without emergency waiver of 

consent. During the performance of the study, the decision was made to allow enrollment of 

children with GCS = 3 with reactive pupils. Randomization and masking procedures have 

been previously described and children were enrolled at a total of 17 study hospitals in the 

USA, New Zealand, and Australia (21).
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A clinical protocol was suggested for all study sites participating in the trial, including 

treatment of intracranial hypertension and other clinical parameters. Study sites were given 

specific instructions regarding cooling and rewarming of subjects that were mandated by the 

Coordinating Center and monitored by a Medical Monitor and the Data Safety Monitoring 

Board (DSMB). An intracranial hypertension algorithm consistent with evidenced-based 

guidelines was provided to the sites and compliance with this algorithm was strongly 

encouraged. However, all sites were free to use their clinical standards of care regarding 

decisions regarding intracranial hypertension as well as institution of basic aspects of care 

such as nutritional support. In particular, sites were free to provide nutritional support in the 

quantity, timing and mode (enteral/parenteral) in accordance with their local standards of 

care.

Data Collection on Metabolic Support and Statistical Analysis

As part of the routine study procedures, clinical sites recorded information regarding 

metabolic support within the study database. Specifically, sites recorded the amount of 

enteral or parenteral nutritional support administered every hour for the first 7 days. These 

procedures were instituted to monitor the fluid balance of subjects because previous studies 

have demonstrated that fluid balance may have an effect on the safety and/or effectiveness of 

hypothermia as a therapeutic modality (20). Importantly, specific aspects of nutritional 

support – caloric density of enteral nutrition, components of parenteral prescriptions, and 

dextrose concentrations of maintenance intravenous fluids - were not available since they 

were not associated with the primary hypothesis of the study regarding therapeutic 

hypothermia.

For this study, we defined the time of institution of nutritional support as the hour after 

injury when enteral nutrition (via NG tube or equivalent) or parenteral nutrition was started 

in each subject. We did not consider administration of maintenance solutions of intravenous 

fluids that contain glucose as nutritional support. We stratified the timing of nutritional 

support into 4 groups – Group 1 – no nutritional support over the 7 days of acute data 

collection; Group 2 – nutritional support initiated < 48 h after injury; Group 3 – nutritional 

support initiated 48 h - < 72 h after injury; Group 4 – nutritional support initiated 72 h – 168 

h after injury. We chose these strata because recent evidence suggests that initiation of 

nutritional support within 72 h was associated with improved outcomes (18). Outcome 

measures addressed both mortality and functional outcome (Glasgow Outcome Scale score 

extended for Pediatrics [GOS-E Peds] at 6 m and 12 m after injury. For this analysis, GOS-E 

Peds was stratified into three groups; favorable outcome (GOS-E Peds = 1 – 4); unfavorable 

outcome (GOS-E Peds = 5 – 7) and dead (GOS-E Peds = 8).

Descriptive statistics are presented as means ± SEM for continuous variables and 

percentages for discrete variables. An alpha level of 0.05 was used to test for statistical 

significance. Data were analyzed with SAS v9.2 (SAS Institute, Inc., Cary, NC). Chi-square 

tests were used to compare discrete measures across groups. First, logistic regression models 

with nutrition time as independent variables and mortality as the dependent variable were 

generated to examine the outcome in an unadjusted manner. Further analyses were 

conducted with adjustment for baseline characteristics that were independently associated 
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with nutrition time in an adjusted logistic regression model. For GOS-E Peds outcomes, 

bivariate multinomial regression models were used to assess the association of patient 

characteristics. The dependent variable was the GOS-E Peds group and the independent 

variables were the nutrition time and other significant factors from the bivariate model. To 

determine the independent effect, multinomial regression models were fit for each variable 

controlling for Hispanic ethnicity with GOS-E Peds group with favorable outcome (GOS-E 

Peds score 1 – 4) as the reference group. For the discrete characteristics of nutrition time 

with more than two levels that were statistically significant in the bivariate analysis, pair-

wise distributions were carried to assess the association of each level. Bonferroni corrections 

were used to adjust for multiple comparisons.

Results

For this analysis, a total of 90 children were included – 77 children were randomized to 

receive either hypothermia or normothermia and 13 children were run-in patients who all 

received hypothermia as a part of site start-up procedures to ensure compliance with the 

hypothermia protocol. In the cohort, the mean GCS was 5.8 ± 0.1 and the population was 

predominantly male (63.3%) and Caucasian (74.4%)(see Table 1). Due to the run-in 

subjects, a slight majority of subjects received hypothermia (57.8%) and the overall 

mortality rate was 13.3%. Stratification of the timing of nutritional support generated groups 

of varying sizes (Group 1 – no nutritional support over the study period, n = 5; Group 2 – 

nutritional support initiated < 48 h after injury, n = 32; Group 3 – nutritional support 

initiated 48 h - < 72 h after injury, n = 36; Group 4 – nutritional support initiated 72 h – 168 

h after injury, n = 17). Most demographic variables were similar between these 4 groups, 

except that a disproportionate number of children with Hispanic ethnicity were in Group 1 

(p = 0.005). Thus, models to determine associations between the 4 groups and outcomes 

were performed with and without correction for Hispanic ethnicity.

The distribution of the time to initiation of nutritional support of the cohort is shown in 

Figure 1. Overall, duration of time until nutrition was initiated was associated with mortality 

(mortality rates: Group 1 = 60%, Group 2 = 6.3%, Group 3 = 11.1%, Group 4 = 17.6%, p = 

0.01; Table 2), with earlier initiation of support associated with improved survival. In post-

hoc comparisons, differences between Group 1 and Groups 2 and 3 were statistically 

significant (p = 0.001 and 0.006, respectively) while Groups 1 and 4 tended to be different (p 

= 0.06). Similarly, time to nutrition initiation was associated with GOS-E Peds at 6 m and 12 

m (p = 0.03 and 0.04, respectively, Tables 3 and 4). At both time points, Group 1 had lower 

GOS-E Peds scores compared to Groups 2 and 3 (6 m: p = 0.007 and 0.02, respectively; 12 

m: p = 0.005 and p = 0.03, respectively) indicating that earlier nutrition initiation was 

associated with improved GOS-E Peds compared to the group that did not receive nutrition 

during the study period. Other comparisons between groups were not associated with 

differences in outcomes.

Time to initiation of nutrition was associated with mortality (p = 0.05) with Group 1 having 

a 22-fold greater odds of mortality when compared to Group 2 (Table 5). When adjusted for 

Hispanic ethnicity, this relationship failed to reach statistical significance (p = 0.10). There 

were trends toward an association between initiation of nutrition and GOS-E Peds at 6 m 
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and 12 m (p = 0.11 and p = 0.13, Table 6) but these failed to reach statistical significance. 

We attempted to control for AIS score for upper extremity because this variable was 

different between groups. However, addition of this variable to the model resulted in failure 

of the model to converge.

Discussion

In our secondary analysis of this randomized, controlled trial of therapeutic hypothermia, we 

have found an association between early initiation of nutritional support and survival and 

have found trends toward an association between this nutritional parameter and functional 

outcomes as measured by the GOS-E Peds at 6 m and 12 m after the injury. Specifically, 

these findings support the hypothesis that earlier institution of nutrition may be superior to 

not instituting such support during the first week after injury. However, due to the nature of 

the study design, a cause and effect cannot be established with our data. Of interest, we also 

observed an effect on Hispanic ethnicity on nutritional support which has not been 

previously described.

As outlined earlier, the current recommendations for nutritional support for children with 

severe TBI are limited to the avoidance of an immune-enhanced diet (14, 15). Since 

publication of these recommendations, Taha and colleagues have performed a retrospective 

study of 109 children with severe TBI (median age = 13 y) (17). In that study, the median 

time to initiate nutritional support was quite early – 1.49 d [0.02 d – 11.88 d] and early 

initiation of nutritional support was associated with (i) decreased length of stay in the 

intensive care unit (p < 0.01) and (ii) improved functional outcome at hospital discharge (p < 

0.05, as measured by the Pediatric Cerebral Performance Category [PCPC]). Our findings 

are largely consistent with these - in that we also found that earlier initiation of nutritional 

support was associated with improved mortality and trends toward improvements in 

functional outcomes at times after the injury. However, important differences exist between 

the two studies. First, their study included a majority of children with GCS = 3 at admission, 

while ours excluded these children. Second, their study measured the outcomes at hospital 

discharge and did not examine the relationship between timing of nutritional support and 

mortality. Lastly, several aspects of their study population is quite different from ours – 

11.9% with normal CT scans and “mortality/coma” rate of 24.7% and earlier initiation of 

nutritional support – which may have significant effects on the interpretation of the two 

studies.

In another single center study, Malakouti and colleagues studied the effect of nutritional 

support on important clinical outcomes of 101 children with severe TBI over an 11-year 

period (16). In this comprehensive assessment, the authors found that nutrition (all enteral 

and some supplemented with parenteral) was initiated within 53 h ± 20 [12 h – 162 h] with 

52% of subjects initiating nutritional support within 48 h and 82% initiated within the first 

72 h after injury. Since their study design included a focused review of many nutritional 

parameters, they were able to determine that children who were able to meet their caloric 

and protein goals had an earlier initiation of nutritional support (goals met vs. not met: 

calories - 44 h ± 23 vs. 67 h ± 31, p < 0.001; protein – 43 h ± 17 vs. 65 h ± 29, p = 0.001). 

These findings are also generally consistent with our study, in that earlier institution of 
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nutritional support was associated with benefit to children. However, there are important 

differences between the two studies. First, our multi-institutional study exhibited much more 

variation in clinical practices regarding nutrition – and included the test intervention of 

hypothermia which was the primary reason for the initiation of the study. Second, their study 

did not directly test our hypotheses that timing of initiation of nutritional support would be 

associated with mortality or functional outcome at times after hospital discharge. Their 

overall mortality rate was quite low – 4% - so it appears unlikely that any mortality effect 

could be detectable in this patient population. Lastly, they were able to compare the effect of 

early feeding on surrogate markers that were not collected in our study.

Most recently, the Pediatric Guideline Adherence and Outcomes Study (also known as the 

PEGASUS study) was performed to determine the acute care clinical indicators that are 

associated with outcomes after severe TBI in children (18). These indicators – based on the 

pediatric guidelines published in 2003 – were gathered from information from the 

prehospital, emergency department, operating room and intensive care unit. A total of 236 

children were enrolled in 5 centers within the US and they found that early start of 

nutritional support – defined as start of nutritional support within 72 h after injury - was 

associated with decreased mortality (hazard ratio 0.06, CI, 0.01 – 0.26) but not discharge 

GOS scale score. As with the previous studies, our findings are largely consistent with these 

data, in that we found that children who had nutritional support initiated within the first 72 h 

had a higher survival rate than children who did not receive nutritional support within the 

first 7 days after injury. However, again, this study did not test the relationship between 

nutrition initiation and functional outcomes at times after hospital discharge.

Our study has significant limitations. Since it is a secondary analysis of a randomized, 

controlled trial for therapeutic hypothermia, the database was not designed to gather 

information necessary to explore more detailed analyses of nutritional parameters of interest. 

In particular, we could not determine the quantity (caloric density or protein content) or 

quality (percentage of carbohydrate, fat and protein administered) of nutritional support that 

was provided that might have significant effects on outcomes. It seems likely that the timing 

of nutritional support may be a marker of these other factors and a more detailed exploration 

may be informative regarding how to initiate nutrition to optimize outcomes in these 

children. Moreover, since more than half of the children in our study received therapeutic 

hypothermia, there could be important effects of hypothermia on nutritional requirements or 

the decision to initiate nutritional support that we were not able to measure with our study 

design. Lastly, we had a relatively small sample size that limited our ability to control for 

potential confounders including but not limited to the effect of the clinical site, the effect of 

post-TBI rehabilitation and the mode of nutritional support (enteral vs. parenteral) on 

outcomes. We observed a statistically significant difference in time to initiate nutritional 

support between various ethnicities, with those of Hispanic ethnicity overrepresented within 

the group that did not receive support within the first 7 days after injury. We speculate that 

this may be related to differences in the practices across the clinical sites. Although this 

would be an important finding, the limited numbers of subjects restricts our ability to test 

this hypothesis. Injury severity may also act as a patient confounder as more severe TBI as 

well as severe abdominal injuries may lead to decisions that alter the timing of nutritional 
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support. We attempted to mitigate this confounder by controlling for both AIS and GCS 

scores, but our analysis would obviously be more robust with a larger sample size.

There are practical implications of this study. Our study adds to the literature that suggests 

that earlier institution of nutritional support can be beneficial to children with severe TBI 

and other critical illnesses. However, our findings need to be interpreted with caution. 

Recently, a randomized controlled trial of 1440 critically-ill children – with some children 

with severe TBI but the vast majority with other critical illnesses – surprisingly 

demonstrated that withholding nutritional support for > 7 days was associated with 

decreased infection rates, shorter ICU stays, decreased number of days on mechanical 

ventilation with equal mortality rates when compared to those where nutrition was initiated 

within the first 24 h (22). Given these conflicting findings, we believe that testing the various 

nutritional strategies that are already in clinical use – while controlling for important co-

variates (severity of injury, clinical site, calories delivered, route of administration among 

many other factors) is a vital next step in our understanding how nutrition should be 

administered to children with severe TBI.
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Figure 1. 
The distribution of the time to initiation of nutritional support.
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Table 2

Relationship between nutrition initiation time group and mortality

n = 90, (%)

Mortality

p valueNo
(n = 78, 86.7%)

Yes
(n = 12, 13.3%)

Nutrition Group 0.01*

Group 1 5,(5.6) 2,(40) 3,(60)

Group 2 32,(35.5) 30,(93.7) 2,(6.3)

Group 3 36,(40) 32,(88.9) 4,(11.1)

Group 4 17,(18.9) 14,(82.4) 3,(17.6)

Pairwise comparisons: Group 1 vs. 2, p = 0.001*; Group 1 vs. 3, p = 0.006*; Group 1 vs. 4, p = 0.06; Group 2 vs. 3, p = 0.48; Group 2 vs. 4, p = 
0.21; Group 3 vs. 4, p = 0.51.

Group 1 – no nutritional support administered during study period; Group 2 – nutritional support initiated < 48 h after injury; Group 3 – nutritional 
support initiated 48 h – < 72 h after injury; Group 4 – nutritional support initiated 72 h – 168 h after injury
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Table 5

Logistic regression analysis (unadjusted and adjusted for Hispanic ethnicity) to determine the association 

between nutrition initiation time group and mortality

OR (95% CI) P value

Nutrition time group (Ref = Group 2) 0.05

  Group 1 22.5(2.3–222.5)

  Group 3 1.9(0.32–10.9)

  Group 4 3.2(0.48–21.5)

Adjusted for Hispanic ethnicity

Nutrition time group (Ref = Group 2) 0.10

  Group 1 22.4(1.8–271.7)

  Group 3 1.9(0.31–11.1)

  Group 4 3.2(0.48–21.4)

GOS-E Peds, Glasgow Outcome Scale extended for Pediatrics; Group 1 – no nutritional support administered during study period; Group 2 – 
nutritional support initiated < 48 h after injury; Group 3 – nutritional support initiated 48 h – < 72 h after injury; Group 4 – nutritional support 
initiated 72 h – 168 h after injury
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Table 6

Logistic regression analysis to determine the association between nutrition initiation time group and 6- and 12-

month GOS-E Peds score

6 Month GOS-E Peds OR(95% CI)
p value

5 – 7 8

Nutrition time group (Ref = Group 2) 0.11

  Group 1 1.1(0.1–9.3) 6.6(1.1–39.6)

  Group 3 0.6(0.2–1.5) 0.4(0.1–1.3)

  Group 4 1.8(0.6–5.5) 1.3(0.4–4.8)

12 Month GOS-E Peds

5 – 7 8

Nutrition time group (Ref = Group 2) 0.13

  Group 1 1.59(0.2–13.2) 7.57(1.3–45.3)

  Group 3 0.50(0.2–1.37) 0.46(0.2–1.4)

  Group 4 1.36(0.5–4.12) 1.08(0.3–3.8)

For 6 month GOS-E Peds, p = 0.19 after adjustment for Hispanic ethnicity; for 12 month GOS-E Peds, p = 0.20 after adjustment for Hispanic 
Ethnicity.

GOS-E Peds, Glasgow Outcome Scale extended for Pediatrics; Group 1 – no nutritional support administered during study period; Group 2 – 
nutritional support initiated < 48 h after injury; Group 3 – nutritional support initiated 48 h – < 72 h after injury; Group 4 – nutritional support 
initiated 72 h – 168 h after injury
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