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ABSTRACT

Introduction: Traumatic brain injury (TBI) has become a significant cause of death and morbidity in childhood since
the elucidation of infectious causes within the last century. Mortality rates in this population decreased over time
due to developments in technology and effective treatment modalities. Aim of the study: This retrospective cohort
study aimed to describe the volume, severity and mechanism of all hospital-admitted pediatric TBI patients at a uni-
versity hospital over a 5-year period. Material and Methods: This was a single-center, retrospective cohort study in-
cluding 90 pediatric patients with TBl admitted to a tertiary care PICU. The patients’ demographic data, injury mecha-
nisms, disease and trauma severity scores, initiation of enteral nutrition and outcome measures such as hospital
stay, PICU stay, duration of mechanical ventilation, mortality, and Glasgow Outcome Scale (GOS) were also recorded.
Late enteral nutrition was defined as initiation of enteral feeding after 48 hours of hospitalization. Results: Of the 90
patients included in the cohort, 60% had mild TBI, 21.1% had moderate TBI and 18.9% had severe TBI. Their mean
age was 69 months (3-210 months). TBI was isolated in 34 (37.8%) patients and observed as a part of multisystemic
trauma in 56 (62.2%). The most commonly involved site in multisystemic injury was the thorax (33.3%). The length of
hospitalization in the late enteral nutrition group was significantly higher than that in the early nutrition group, while
the PICU stay was not significantly different between the two groups. The multiple logistic regression analysis found
a significant relationship between GOS-3rd month and PIM3 score, the presence of diffuse axonal injury and the need
for CPR in the first 24 h of hospitalization. Conclusion: Although our study showed that delayed enteral nutrition
did not affect neurologic outcome, it may lead to prolonged hospitalization and increased hospital costs. High PIM3
scores and diffuse axonal injury are both associated with worse neurologic outcomes.
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B INTRODUCTION

Traumatic brain injury (TBI) has become a significant
cause of death and morbidity in childhood since the
elucidation of infectious causes within the last cen-
tury [1]. Despite efforts to reduce its incidence, TBI
remains a major problem in pediatrics. TBI accounts

for 32.7% of all trauma cases and TBI mortality rates
vary between 0.4 and 4.2% in different studies [1-4].
In addition to this variability, causes of pediatric TBI
vary between different countries, even in distinct geo-
graphical regions of the same country. The most fre-
quent causes of TBI are falls and traffic accidents, of
which the latter is more common in adolescence. Se-
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vere TBI necessitates intensive care unit hospitalization
and a multidisciplinary approach, as patients usually
have additional system injuries [5]. TBI management
is usually supportive and includes optimal ventilation,
maintenance of fluid-electrolyte homeostasis, optimi-
zation of cerebral metabolism, as well as prevention of
cerebral herniation and irreversible brain injury. Re-
petitive neurological assessments, appropriate brain
imaging and surgical interventions in selected cases are
the principal steps in TBI management [1,6].

A recent comprehensive study has shown that af-
ter a consistent decline, pediatric TBI mortality in the
United States increased significantly after 2013 and
was linked to suicide mortality [7]. In general, mortal-
ity rates in this population decreased over time due to
developments in technology and effective treatment
modalities. However, morbidity, particularly neuro-
logic sequelae, is one of the most devastating problems
affecting these patients. The Glasgow Outcome Scale
(GOS) allows for an overall outcome assessment after
TBI based on objective criteria [8]. The factors affecting
neurologic outcomes in pediatric TBI are still unclear
and need to be further evaluated.

Nutrition guidelines recommend that critically ill
children hospitalized in intensive care should be evalu-
ated and enteral nutrition should be started if there is
no contraindication within the first 24-48 hours. Feed-
ing started after 48 hours is considered as late enteral
feeding [9]. Early enteral feeding is common in criti-
cally ill children after TBI. Children with severe TBI are
more likely to have delayed initiation of enteral nutri-
tion. Abdominal injury and procedures are associated
with delayed enteral nutrition in unadjusted analysis,
though not after adjustment for injury/illness severity.
Delayed enteral nutrition is also an independent risk
factor for worse functional status at PICU discharge
[10]. Therefore, we aimed to conduct a renewed study
investigating the causes and outcomes of TBIs admit-
ted to our pediatric intensive care unit (PICU) within
the last five years. We also evaluated factors associated
with late enteral nutrition and worse neurologic out-
comes at 3" month after trauma.

B MATERIALS AND METHODS

Patient selection

This retrospective cohort study included children with
TBI hospitalized in our PICU between January 2015
and December 2019. Their demographic features, in-
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cluding age and sex, weight, trauma etiology, pediat-
ric risk of mortality score (PRISM), pediatric index of
mortality 3 (PIM3), injury severity score (ISS), pediatric
trauma score (PTS), Glasgow Coma Scale (GCS), pupil
reflexes, initiation time of enteral feeding, computerized
tomography and electroencephalogram results were
recorded retrospectively from the medical files of the
patients [11-13]. Data on the treatment procedures, in-
cluding mechanical ventilation support and antiedema
treatments such as hypertonic solutions, anticonvulsant
agents and blood transfusions were also recorded. Neu-
rological injury severity was assessed by GCS and the
patients were grouped by severe (GCS: 3-8), moderate
(GCS: 9-12) and mild (GCS: 13-15) injury according to
GCS at emergency care department presentation.

The initiation of enteral feeding was also investi-
gated. Enteral feeding was categorized as early if it
started before the 48t hour of hospitalization and late
if it started after this time. The outcomes of TBI pa-
tients were evaluated according to GOS-discharge and
GOS-3rd month. GOS at three months was classified as
a favorable outcome if it was equal to five or disability
if below five. The impacts of demographic and clinical
teatures, PRISM-III score, PIM3, ISS, PTS, and GCS on
enteral feeding initiation and outcome were investigat-
ed. Enteral feeding was also tested as a determinant for
the patients’ outcomes.

The study was ethically approved by the Cukurova
University Institutional Research Ethics Committee
(Date: March 6, 2020, Number: 97/27). The need for
informed consent for participation was waived, as this
was a retrospective confidential medical record review.

Statistical Analysis

We performed all statistical analyses using the SPSS
20.0 statistical software (IBM SPSS Statistics). The dis-
tribution of variables was investigated using visual (his-
togram and probability plots) and analytical methods
(Kolmogorov Smirnov test) to determine whether they
are normally distributed or not. Descriptive analyses
of continuous variables were presented using mean+
standard deviations (SD) for normally distributed
variables, whereas median and minimum-maximum
values were used for non-normally distributed and
ordinal variables. Comparative analyses between two
groups were performed with the Mann Whitney U and
Chi-Square tests. Categorical variables were expressed
as numbers and percentages and were compared by
performing a chi-square test between two groups. A
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p value < 0.05 was considered statistically significant.
Multivariate logistic regression analysis with stepwise
selection was used to identity independent predictors
associated with worse GOS at 34 month after trau-
matic brain injury. The parameters (in Table 4) with a
p value of smaller than 0.25 were included for further
multivariable analysis in table 5. A cutoff value of 0.25
is supported by recent literature [14, 15].

B RESULTS

The study included 90 children, 37 (41.1%) females and
53 (58.9%) males. The mean age was 69 months (range:

0
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3-210 months). Our center was the first place of admis-
sion for 56 (62.2%) patients and the other 34 (37.8%)
patients were referred from another hospital. Of 90
patients, 66 (73.3%) were transported to our center by
emergency ambulance services and 24 (26.7%) were
admitted to the hospital using their own vehicles. The
majority of TBI occurred during the daytime, between
9 a.m. and 8 p.m. (Figure 1). The majority of TBIs oc-
curred in warm weather between June and September
(Figure 2). The median admission time to the emer-
gency unit and waiting time before transfer to the ICU
were 75 minutes (range: 15 minutes—24 hours) and six
hours (range: 10 minutes-29 hours), respectively. The
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Fig. 1. Distribution of trauma cases by hours of the day in TBI patients
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Fig. 2. Distribution of trauma cases by months of the year in TBI patients
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median duration of ICU stay was three days (range:
1-47 days) and the median duration of total hospi-
talization was seven days (range: 2-60 days). Table 1
provides information about the causes and locations of
trauma. The causes of trauma varied between ages <5,
5-15, and 215 years (Figure 3).

According to GCS at hospitalization, 54 (60%) had
mild (GCS:13-15),19(21.1%) had moderate (GCS:9-12)
and 17 (18.9%) had severe (GCS: <8) TBI. TBI was iso-
lated in 34 (37.8%) cases and accompanied by injuries
to other body parts in 56 (62.2%) patients. The most
common area involved in multisystem injury was the
thorax (n=30, 33.3%), which was followed by extremi-
ties (n=26, 28.9%), face (n=23, 25.6%), abdomen (n=21,
23.3%), pelvis (n=8, 8.9%), and vertebra (n=8, 8.9%).
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The most common symptom was altered conscious-
ness, which was present in 59 (65.6%) patients. Al-
though 6 (6.7%) of the patients did not report any neu-
rological symptoms, they routinely underwent brain
imaging due to severe multisystem injuries and were
diagnosed with TBI according to their radiological
findings. The most common neuroradiological find-
ings were skull fracture and brain edema, present in
58 (64.4%) and 44 (48.9) patients, respectively. Skull
fractures were located on the calvaria in 42 (46.7%),
face in 13 (14.4%) and skull base in 3 (3.3%) patients.
Calvarium fractures were linear in 31 (71.8%) and de-
pressed in 11 (26.2%) of 42 patients. Nonetheless, 5 of
90 (5.6%) patients did not have radiological evidence of
TBI, despite their TBI clinical symptoms. Table 1 shows
the clinical characteristics of the patients.

Table 1. The causes, locations, and clinical features of traumatic brain injury in 90 children

Causes ] %
Road traffic accidents 39 433
Passenger 12 13.3
Pedestrian 27 30
Fall from height 34 37.8
Cyclist 9 10
Falling object 4 4.4
Basic fall 3 33
Other 1 1.1
Sign and symptoms n %
Altered consciousness 59 65.6
Nausea/Vomiting 28 31.1
Seizure 16 17.8
Headache 9 10
Amnesia 2 2.2
Asymptomatic 6 6.7

Locations ] %

Outdoor 67 74.4
Home 21 23.3
School 2 2.2
CT/MRI findings n %

Skull fracture 58 64.4
Brain edema 44 48.9
Subdural hemorrhage 19 21.1
Epidural hemorrhage 14 15.6
Intraparenchymal hemorrhage 13 14.4
Brain contusion 10 111
Subarachnoid hemorrhage 9 10

Diffuse axonal injury 5 5.6
Minimal brain edema 5 5.6

CT; computerized tomography, MRI; magnetic resonance imaging, TBI; traumatic brain injury

62.5%

51.2%

39%

2.5%
<5 years

5-15 years

Age groups

B Fall from height

B Road traffic accidents

Others

77.8%

222%

>15 years

Fig. 3. Etiology of TBI in different age groups



256 « The Journal of Critical Care Medicine 2023;9(4)

Electroencephalogram (EEG) was performed in 24
patients, and of these, 18 (75%) had an EEG abnormali-
ty. Five patients had an epileptiform pattern, and 13 pa-
tients had background rhythm abnormalities. Respira-
tory support was performed in 46 (51.1%) patients, and
the majority were supported through a nonrebreathing
oxygen mask (31.1%), while 16 patients were intubated
and invasive mechanical ventilation was initiated. The
median duration of mechanical ventilation was five
days (range: 1-28 days). Treatment approaches are giv-
en in Supplemental Table 1. Enteral feeding was started
during the first day in 12 (13.3%), the second day in 53
(58.9%), and the third day in 17 (18.9%) patients dur-
ing their hospitalization. Enteral feeding was started af-
ter the third day in 8 (8.9%) patients. The median time
of enteral nutrition initiation in the full cohort was two
days (range: 1-7 days).

Nosocomial infections were encountered in 14
(15.5%) of the patients. The infections observed in the
study cohort were as follows: bloodstream infections in
six patients, nosocomial pneumonia in three patients,
catheter-related bloodstream infection in two patients,
nosocomial urinary tract infection in two patients and
central nervous system infection in one patient. Only
one patient died on the 28th day of hospitalization, with
a 30-day mortality rate of 1.1% in the full cohort. Nine
(10%) patients were rehospitalized, with one (1.1%) pa-
tient readmitted to the PICU at the one-year follow-up.

The patients were grouped according to the presence
of early enteral nutrition, defined as the initiation of en-
teral nutrition during the first 48 hours of hospitaliza-
tion. Multisystemic trauma, including extremity, pelvis,
abdomen and facial trauma, was statistically higher in
the late enteral nutrition group (p<0.05). There was no
statistically significant difference between the early and
late nutrition groups in terms of CT and MRI findings of
the central nervous system. Blood product transfusion
and noncranial surgery requirements in the first 24 hours
after trauma were higher in the late enteral nutrition
group (respectively, p=0.043, 0.001). The length of hos-
pitalization in the late enteral nutrition group was sig-
nificantly higher than that in the early nutrition group
(p=0.001). However, the PICU stay was not significantly
different between the two groups (Table 2). Further-
more, the median ISS was significantly higher in pa-
tients who started enteral nutrition after the 48th hour
of hospitalization (p=0.01). The median PRISM, PDR,
PIM3, PTS, GCS, GOS-discharge and GOS-3rd month
did not differ between these two groups (Table 3).
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Among demographic and clinical parameters, mul-
tisystemic trauma, thorax trauma, altered conscious-
ness in the emergency department (ED), seizures,
brain contusion, subarachnoid hemorrhage, subdural
hemorrhage, diffuse axonal injury, inotropic drugs in
the ED, blood products in the first 48 hours, cranial
surgery in the first 24 hours, CPR and MV in the first
24 hours of hospitalization, and nosocomial infection
were statistically more frequent in patients with a GOS-
3rd month below five (p<0.05). Similarly, the median
stay at PICU, length of hospitalization, PRISM, PDR,
PIM3, and ISS were statistically higher, and in contrast,
the median trauma score and GCS were statistically
lower in the worse outcome group (p=0.001) (Table 4).
The multiple logistic regression analysis showed a sig-
nificant relationship between the outcome and PIM3
score, the presence of diffuse axonal injury, and the
need for CPR in the first 24 hours of hospitalization
(p<0.05) (Table 5).

H DISCUSSION

We reported a retrospective cohort of 90 pediatric TBI
patients hospitalized in our PICU over a five-year pe-
riod. Overall, the majority of TBIs occurred outdoors
and road traffic accidents accounted for the most com-
mon cause, followed by falls from a height. Road traffic
accidents were more frequently encountered with in-
creasing age, while falls from height diminished. The
most common symptom was altered consciousness,
while the most frequent neuroradiological abnormali-
ties were skull fracture and brain edema. Early enteral
nutrition during the first 48 hours of hospitalization
was administered to 72.2% of the patients. Multisys-
temic trauma (including extremity, pelvis, abdomen,
and face), blood product requirement, and noncranial
surgery were observed more frequently in the late en-
teral nutrition group. The length of hospitalization and
ISS were significantly higher in this group. In addition,
we found a significant relationship between lower GOS
scores at the third month and the presence of diffuse
axonal injury, CPR in the first 24 hours of hospitaliza-
tion and higher PIM3 scores.

Although TBI usually occurs as minor injuries in
childhood, it can result in significant mortality and
morbidity, including long-term disability and intel-
lectual, personality and behavioral problems. Falls
are the most common cause of TBI during childhood
worldwide, although the type of fall differs between
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Table 2. Comparison of demographic and clinical parameters between patients according to the presence of early, and
late enteral feeding

<48t hour of hospitalization >48th hour of hospitalization
(n=25)

Age (year), median 5.08 (0.25-17.5) 7.58 (0.67-17.5) 0.063
Gender (female) 25 (38.5) 12 (48) 0.410
Trauma localization
Multisystemic trauma 32 (49.2) 24 (96) 0.001
Extremity trauma 11 (16.9) 15 (60) 0.001
Pelvic trauma 1(1.5) 7 (28) 0.001
Thorax trauma 20 (30.8) 10 (40) 0.405
Abdominal trauma 8(12.3) 13 (52) 0.001
Facial trauma 11 (16.9) 12 (48) 0.002
Vertebral trauma 4(6.2) 4 (16) 0.142
CT/MRI findings
Skull fracture 40 (61.5) 18 (72) 0.353
Brain contusion 7 (10.8) 3(12) 0.868
Subarachnoid hemorrhage 5(7.7) 4 (16) 0.239
Subdural hemorrhage 15(23.1) 4 (16) 0.461
Epidural hemorrhage 11(16.9) 3(12) 0.564
Intraparenchymal hemorrhage 10 (15.4) 3(12) 0.682
Brain edema 31 (47.7) 13 (52) 0.714
Diffuse axonal injury 5(7.7) 0 0.067
First 24 hours
Blood products 19 (29.2) 13 (52) 0.043
Cranial surgery 8(12.3) 2 (8) 0.560
Other surgery 6(9.2) 11 (44) 0.001
CPR 1(1.5) 2(8) 0.128
Mechanical ventilation 11 (16.9) 5(20) 0.732
Nosocomial infection 10 (15.4) 4 (16) 0.943
PICU stay 3 (1-28) 5(1-47) 0.272
Length of hospitalization 5(2-43) 10 (5-60) 0.001

Table3. Comparison of different scoring systems of the TBI patients according to the presence of early, and late enteral
feeding

Enteral feeding

Parameter <48t hour of hospitalization  >48th hour of hospitalization
(n=65) (n=25)

PRISM 5 (0-25) 6 (1-27) 0.124
PDR (%) 1.6 (0.5-59) 2.1(0.4-52.8) 0.296
PIM3 2 (0.7-27) 2.2 (0.9-11) 0.182
Pediatric Trauma Score 10 (-1-12) 9(1-12) 0.139
Injury severity score 5 (1-50) 10 (2-41) 0.001
GCS 13 (2-15) 13 (5-15) 0.985
GOS at discharge 5(1-5) 5 (3-5) 0.340
GOS at 3rd month 5 (1-5) 5 (3-5) 0.238
Favorable GOS at discharge 46 (70.8) 15 (60) 0.327
Favorable GOS at 3" month 50 (76.9) 16 (64) 0.214

PRISM; The Pediatric Risk of Mortality score, PDR; predicted death rate, PIM3; The Pediatric Index of Mortality 3, GCS; Glasgow coma scale, GOS: Glasgow outcome score
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Table 4. Comparison of demographic and clinical properties between patients with favorable outcome and disability
according to Glasgow Outcome Score (GOS) 3 months after TBI

Parameter GOS at 39 month

GOS=<4

(n=24)
Age 4.9 (0.3-17.5) 6.1(0.2-17.5) 0.942
Gender (female) 29 (43.9) 8(33.3) 0.366
Multisystemic trauma 37 (56.1) 19 (79.2) 0.046
Trauma localization in multisystemic trauma
Extremity trauma 20 (30.3) 6 (25) 0.624
Pelvic trauma 6(9.1) 2(8.3) 0.911
Thorax trauma 14 (21.2) 16 (66.7) 0.001
Abdominal trauma 12 (18.2) 9(37.5) 0.054
Facial trauma 17 (25.8) 6 (25) 0.942
Vertebral trauma 7 (10.6) 1(4.2) 0.342
Altered consciousness 37 (56.1) 22 (91.7) 0.002
Seizure 5(7.6) 11 (45.8) 0.001
CT/MRI findings
Skull fracture 46 (69.7) 12 (50) 0.084
Brain contusion 26 (39.4) 23 (95.8) 0.001
Subarachnoid hemorrhage 4(6.1) 5(20.8) 0.039
Subdural hemorrhage 9(13.6) 10 (41.7) 0.004
Epidural hemorrhage 9(13.6) 5(20.8) 0.405
Intraparenchymal hemorrhage 7 (10.6) 6 (25) 0.086
Brain edema 31 (47) 13 (54.2) 0.546
Diffuse axonal injury 0 5(28) 0.001
Shock treatment in ED 5(7.6) 5(20.8) 0.077
Inotropic drug in ED 1(1.5) 3(12.5) 0.025
Blood products in 48 h 16 (24.2) 16 (66.7) 0.001
Cranial surgery in 24 h 4(6.1) 6 (25) 0.011
Other surgery in 24 h 11 (16.7) 6 (25) 0.372
CPR in the first 24h of hospitalization 0 3(12.5) 0.003
MV in the first 24h of hospitalization 1(1.5) 15 (62.5) 0.001
Nosocomial infections 2 (3) 12 (50) 0.001
PICU stay 2 (1-12) 9 (2-47) 0.001
Length of hospitalization 5 (2-33) 16.5 (6-60) 0.001
MV duration 1(1-4) 5 (1-28) 0.061
PRISM 4 (0-18) 16 (4-27) 0.001
PDR (%) 1.5 (0.4-25.5) 15.5 (0-59) 0.001
PIM3 1.8 (0.7-8) 6.8 (1.2-27) 0.001
Pediatric Trauma score (PTS) 10 (6-12) 5(-1-11) 0.001
Injury severity score (ISS) 5(1-24) 15 (4-50) 0.001
GCS at admission 15 (2-15) 8 (4-15) 0.001

Table 5. Multiple logistic regression analysis of variables associated with outcome according to the 34 month GOS in
traumatic brain injury patients

Variables B S.E. P OR (95% Cl)

Diffuse axonal injury -0.281 0.243 0.001 2.62 (1.83-3.74)
CPR in the first 24h of hospitalization -0.339 0.503 0.005 1.62 (1.13-2.74)
PIM3 -0.285 0.023 0.023 1.56 (0.40-6.19)

GOS; Glasgow Outcome Score, CPR; cardiopulmonary resusitaition, PIM3; The Pediatric Index of Mortality 3.
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geographical regions [16-19]. In our study, road traf-
fic accidents (43.3%) were the most common cause,
whereas falls from height were encountered in 37.8% of
patients. We believe that this can be attributed to road
traffic accidents requiring more PICU hospitalization.

Various studies worldwide have revealed a male pre-
dominance in TBI with a range of 59.2-78% (1-4,16—
19). Not striking, but similarly, 58.9% of our cohort
was male. Traffic accidents were shown to cause TBI in
10.2-37.9% of the overall population [1,4,17,18]. Inter-
estingly, Efendioglu et al. and Hawley et al. suggested
that while the causes of TBI did not differ with gender,
age was the primary determinant, with the proportion
of traffic accidents increasing as age increased [4,18].
Similarly, the proportion of road traffic accidents in-
creased with age in our study.

Kim et al. did not find seasonal variation between
the causes of TBI in children [2]. However, Hawley et
al. showed the lowest incidence of TBI in December
and January and the highest incidence during school
holidays [4]. Kim et al. suggested that the majority of
injuries occurred during the afternoon and evening
[2]. Similarly, we found that the frequency of TBI was
lowest between November and February and it was
most common during late afternoons, 4-5 p.m.

Mortality rates vary among different studies world-
wide because mortality is strictly related to the sever-
ity of injury and comorbidities, which may also differ
among studies. For example, decreased levels of con-
sciousness accompanied by neck pain should alert
the physician to a possible concomitant cervical spine
injury and the spine should be immobilized. In addi-
tion, a GCS of less than nine and a fluctuating mental
status should lead the physician to secure the airway
[20,21]. In our study, 18.9% of the cohort had severely
altered consciousness based on GCS, 17.8% of the pa-
tients required MV and the overall mortality rate was
1.1%. The mortality rates vary in different studies. An
epidemiologic study from Norway on pediatric trau-
matic brain injuries reported a mortality rate of 1.7% in
176 children [22]. Another multicenter study reported
a mortality rate of 2.6% in a sizeable pediatric study
group consisting of 416 patients [12]. Our mortality
rates were consistent with those reported in other stud-
ies from various parts of the world.

ICP monitoring is now recommended for the man-
agement of severe pediatric TBI. Previous reports have
suggested a strong correlation between high ICP and
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morbidity, and recent studies have suggested that op-
timal cerebral perfusion pressure is linked to better
outcomes in TBI [21,23,24]. Unfortunately, we could
perform ICP monitoring in only one patient. We could
not perform it routinely in cases of severe TBI due to
technical difficulties and a lack of necessary materials
in our center.

The therapeutic use of sedatives, analgesics and neu-
romuscular blockade to decrease ICP is also recom-
mended during PICU hospitalization for severe cases.
Intravenous mannitol and hypertonic saline should
be used routinely to control intracranial hypertension
(ICH) in severe pediatric TBI, and if unresponsive to
these drugs, barbiturates are also recommended [21].
Furthermore, decompressive craniectomy (DC) can
be performed in irresistible ICH, resulting in reduced
mortality, but the long-term effects have not yet been
clarified [25]. In our study, hypertonic saline was the
most common therapeutic approach and decompres-
sive surgery was performed in 11.1% of cases.

Delayed enteral feeding, defined as the initiation
of enteral nutrition 48 hours after PICU admission,
has recently been suggested to cause worse functional
outcomes in pediatric TBI patients at discharge. Bal-
akrishnan et al. reported early enteral feeding in 83% of
their cohort. Low GCS and high ISS were more likely to
have delayed initiation of enteral nutrition in the same
study [12]. Early enteral feeding could be achieved in
72.2% of our pediatric TBI cohort. The lower rate of
early enteral feeding may be due to a higher frequency
of abdominal injury in our study (23.3%) compared
to that study (5.5%) [12]. Only multisystemic injury,
higher ISS, blood product transfusion and noncranial
surgery requirement were associated with delayed en-
teral feeding. However, we were unable to show any
relationship between early enteral nutrition and bet-
ter neurologic outcomes in our study. Predicting the
outcome of TBI has been challenging, and therefore,
remains an area of investigation. Several predictors, in-
cluding age, GCS, PRISM, pupillary reactivity, hyperna-
tremia and CT characteristics (including the presence
of cerebral edema, traumatic subarachnoid hemor-
rhage and multifocal contusions), have been proposed
thus far [26-28]. In our study, we found that the PIM3
score, the presence of diffuse axonal injury, and CPR in
the first 24 hours of hospitalization were independent
predictive factors for the outcome of pediatric TBI pa-
tients. In addition, early enteral nutrition did not affect
neurological outcomes.
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Our study has some limitations, including the ret-
rospective study design and small sample size. In addi-
tion, we do not have enough data about the long-term
neurological outcomes of these patients. Nonethe-
less, we believe that being a comprehensive descrip-
tive study and investigating both enteral nutrition and
neurological outcome, of which predictors need to be
clarified, makes the present study noteworthy. Further
comprehensive, long-term, and prospective studies are
needed to validate our results.

B CONCLUSIONS

Delayed enteral nutrition may be caused by multisys-
temic trauma and noncranial surgery. Although this
does not affect the neurological outcome, it may lead
to prolonged hospitalization and hospital costs. In ad-
dition, the presence of diffuse axonal injury, CPR in the
first 24 hours of hospitalization and higher PIM3 scores
can lead to a worse neurological outcome in pediatric
TBI patients.

B CONFLICT OF INTEREST

None to declare.

B REFERENCES

1. Hon KL, Huang S, Poon WS, Cheung HM, Ip P, Zee B. Mortality
and Morbidity of Severe Traumatic Brain Injuries; A Pediatric
Intensive Care Unit Experience Over 15 Years. Bull Emerg
Trauma. 2019;7:256-62.

2. Kim HB, Kim DK, Kwak YH, Shin SD, Song KJ, Lee SC, et al.
Epidemiology of traumatic head injury in Korean children. J
Korean Med Sci. 2012;27:437-42.

3. Trefan L, Houston R, Pearson G, Edwards R, Hyde P, Maconochie
I, et al. Epidemiology of children with head injury: a national
overview. Arch Dis Child. 2016;101:527-32.

4. Hawley CA, Ward AB, Long J, Owen DW, Magnay AR. Prevalence
of traumatic brain injury amongst children admitted to hospital
in one health district: a population-based study. Injury.
2003;34:256-60.

5. Tude Melo JR, Di Rocco F, Blanot S, Oliveira-Filho J, Roujeau
T, Sainte-Rose C, et al. Mortality in children with severe head
trauma: predictive factors and proposal for a new predictive
scale. Neurosurgery. 2010;67:1542-7.

6. Bullock MR, Povlishock JT: Guidelines for the management of

severe head injury. Neurotrauma. 1996;13:671-734.

7. ChengP, LiR, Schwebel DC, Zhu M, Hu G. Traumatic brain injury
mortality among U.S. children and adolescents ages 0-19 years,
1999-2017. J Safety Res. 2020;72:93-100.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Available online at: www.jccm.ro

Jennett B, Bond M. Assessment of outcome after severe brain
damage. Lancet 1975;1:480-4.

Mehta NM, Skillman HE, Irving SY, Jorge A, Vermilyea S, et
al. Guidelines for the provision and assessment of nutrition
support therapy in the pediatric critically ill patient: Society of
Critical Care Medicine and American Society for Parenteral and
Enteral Nutrition. Pediatr Crit Care Med. 2017;41:706-42.

Balakrishnan B, Flynn-O’Brien KT, Simpson PM, Dasgupta M,
Hanson SJ. Enteral Nutrition Initiation in Children Admitted
to Pediatric Intensive Care Units After Traumatic Brain Injury.
Neurocrit Care. 2019;30:193-200.

Pollack MM, Patel KM, Ruttimann UE: PRISM IlI: an updated
Pediatric Risk of Mortality score. Crit Care Med. 1996;24:743-
52.

Tepas JJ 3rd, Ramenofsky ML, Mollitt DL, Gans BM, DiScala C.
The Pediatric Trauma Score as a predictor of injury severity: an
objective assessment. ] Trauma. 1988;28:425-9.

Teasdale G, Jennett B: Assessment of coma and impaired
consciousness. A practical scale. Lancet. 1974;2:81-4.

Bendal RB, Afifi AA. Comparison of stopping rules in forward
regression. Journal of the American Statistical Association.
1977;72:46-53.

Mickey RM, Greenland S. The impact of confounder selection
criteria on effect estimation. Am J Epidemiol. 1989;129:125-3.

Melo JR, Di Rocco F, Lemos-Junior LP, Roujeau T, Thélot B,
Sainte-Rose C, et al. Defenestration in children younger than
6 years old: mortality predictors in severe head trauma. Childs
Nerv Syst. 2009;25:1077-83.

Ceylan D, Yaldiz C, Kizilcay G, Gunduz Y.Cocukluk Cagi Kafa
Travmalari: 357 Olgunun Retrospektif Degerlendirilmesi [Head
Traumas in Childhood: Retrospective Evaluation of 357 Cases].
Turk Norosirlrji Dergisi 2013;23:255-60.

Efendioglu M, Akar E, Tural Emon S, Calisaneler AT. Our Clinical
Experiences on Pediatric Head Trauma Cases. Haydarpasa
Numune Med J 2020;60:412—6.

Isik HS, Gokyar A, Yildiz O, Bostanci U, Ozdemir C.Cocukluk cag
kafa travmalari, 851 olgunun retrospektif degerlendirilmesi:
Epidemiyolojik bir calisma [Pediatric head injuries, retrospective
analysis of 851 patients: an epidemiological study]Ulus Travma
Acil Cerrahi Derg 2011;17:166-72.

Gelineau-Morel RN, Zinkus TP, Le Pichon JB. Pediatric Head
Trauma: A Review and Update. Pediatr Rev. 2019;40:468-81.

Araki T, Yokota H, Morita A. Pediatric Traumatic Brain Injury:
Characteristic Features, Diagnosis, and Management. Neurol
Med Chir (Tokyo). 2017;57:82-93.

Dahl HM, Andelic N, Lgvstad M, Holthe IL, Hestnes M, Diseth
TH, et al. Epidemiology of traumatic brain injury in children
15 years and younger in South-Eastern Norway in 2015-16.
Implications for prevention and follow-up needs. Eur J Paediatr
Neurol. 2021;31:70-7.

Brady KM, Shaffner DH, Lee JK, Easley RB, Smielewski P,
Czosnyka M, et al. Continuous monitoring of cerebrovascular
pressure reactivity after traumatic brain injury in children.



Available online at: www.jccm.ro

24.

25.

26.

Pediatrics. 2009;124:€1205-12.

Robertson CS, Valadka AB, Hannay HJ, Contant CF, Gopinath SP,
Cormio M, et al. Prevention of secondary ischemic insults after
severe head injury. Crit Care Med. 1999;27:2086-95.

Oluigbo CO, Wilkinson CC, Stence NV, Fenton LZ, McNatt SA,
Handler MH. Comparison of outcomes following decompressive
craniectomy in children with accidental and nonaccidental
blunt cranial trauma. J Neurosurg Pediatr. 2012;9:125-32.
Steyerberg EW, Mushkudiani N, Perel P, Butcher |, Lu J, McHugh
GS, et al. Predicting outcome after traumatic brain injury:

27.

28.

The Journal of Critical Care Medicine 2023;9(4) « 261

development and international validation of prognostic scores
based on admission characteristics. PLoS Med. 2008;5:e165

Oremakinde AA, Malomo AO, Dairo MD, Shokunbi TM,
Adeolu AA, Adeleye AO. Assessment of predictors of one-
month outcome in head injury in a Nigerian tertiary hospital
Interdisciplinary Neurosurgery 2019;15:89-97.

Bahloul M, Chaari A, Chabchoub I, Medhyoub F, Dammak
H, Kallel H, et al. Outcome analysis and outcome predictors
of traumatic head injury in childhood: Analysis of 454
observations. J Emerg Trauma Shock. 2011;4:198-206.



