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Abstract

Objectives: To define the clinical characteristics of hospitalized children with moderate 

traumatic brain injury (modTBI) and identify factors associated with deterioration to severe TBI.

Design: Retrospective Cohort Study

Setting: Tertiary Children’s Hospital with Level 1 Trauma Center designation

Patients: Inpatient children less than 18 years of age with an international classification of 

diseases code for TBI and an admission Glasgow Coma Scale (GCS) score of 9–13.

Measurements and Results: We queried the National Trauma Data Bank for our institutional 

data and identified 177 patients with modTBI from 2010–2017. These patients were then linked 

to the electronic health record (EHR) to obtain baseline and injury characteristics, laboratory 

data, serial GCS scores, CT findings, and neurocritical care interventions. Clinical deterioration 

was defined as ≥2 recorded values of GCS ≤8 during the first 48 hours of hospitalization. 

Thirty-seven patients experienced deterioration. Children who deteriorated were more likely to 

require intubation (73 vs 26%), have generalized edema, subdural hematoma or contusion on 
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CT scan (30 vs 8%, 57 vs 37%, 35 vs 16% respectively), receive hypertonic saline (38 vs 

7%), undergo intracranial pressure monitoring (24 vs 0%), were more likely to be transferred to 

inpatient rehabilitation following hospital discharge (32% vs 5%), and incur greater costs of care 

($25,568 vs $10,724) (all p<0.01). There was no mortality in this cohort. Multivariable regression 

demonstrated that a higher injury severity score, a higher initial INR, and a lower admission GCS 

score were associated with deterioration to severe TBI in the first 48 hours (p<0.05 for all).

Conclusions: A substantial subset (21%) of children presenting with modTBI at a Level 

1 pediatric trauma center experienced deterioration in the first 48 hours, requiring additional 

resource utilization associated with increased cost of care. Deterioration was independently 

associated with an increased INR, higher ISS and a lower admission GCS.
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Introduction

Pediatric traumatic brain injury (TBI) is a leading cause of death and disability in the 

pediatric population. It is estimated that TBI results in more than 600,000 emergency visits, 

50,000 hospitalizations, and 7000 deaths; costs for TBI exceed $1 billion every year in the 

United States alone [1–3]. In addition to acute care costs, children with severe injuries often 

require lifelong care and rehabilitation, leading to significant financial burden [2, 4]

Moderate TBI (modTBI) represents subset of TBI with heterogenous outcomes ranging 

from complete return to baseline to severe impairment and death [5]. Rather than evaluating 

it as a distinct entity, most studies to date have grouped pediatric modTBI together with 

mild or severe TBI in terms of patient characteristics, clinical course and outcomes. As a 

result, insight regarding the epidemiology and clinical characteristics of this population is 

limited [6–9]. To date, only one study has examined epidemiology and outcome of modTBI 

in children using the data collected by the National Trauma Databank (NTDB) [9]. This 

study by reported that 59% of patients were admitted to an intensive care unit (ICU), 3% 

received intracranial pressure (ICP) monitoring and 0.7% died; notably, this mortality figure 

is markedly lower than that seen in adults with modTBI [5]. Furthermore, older age, low 

admission GCS score, high injury severity score (ISS) and the presence of polytrauma 

were associated with unfavorable short-term outcomes. This study indicated that there are 

certain subgroups of patients in the modTBI cohort who are vulnerable to deterioration 

and worse outcomes. Early identification of children at risk could enable triage of these 

children to centers with pediatric intensive care expertise for optimal management during 

hospitalization.

The majority of the studies investigating the risk factors for deterioration in modTBI are 

limited either by a small sample size or by the use of an administrative database [5]. 

We identified pediatric modTBI patients admitted to our hospital using the NTDB and 

then linked this information with our institutional EHR to obtain baseline and injury 

characteristics, laboratory data, serial GCS scores, CT findings, and neurocritical care 

interventions to identify factors associated with neurological deterioration.
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Methods

We conducted a retrospective cohort study querying the NTDB for our Level 1 Trauma 

Center’s data related to a head Abbreviated Injury Scale (AIS) code consistent with TBI 

from 2010–2017. Patients identified in the NTDB were linked to the EHR. ModTBI was 

defined as an admission GCS score of 9–13 as reported by the EHR. Patients without 

head CT imaging were excluded due to potential misclassification of spinal cord-injury 

related motor deficits. Patients were divided into two groups: 1) stable modTBI (s-modTBI), 

who remained clinically stable through their stay and 2) deteriorated modTBI (d-modTBI), 

whose clinical condition worsened to severe TBI. To avoid over-classification of temporary 

changes, clinical deterioration was defined as ≥2 recorded values of GCS ≤8 during the first 

48 hours of hospitalization. Additionally, as sedation can lead to inaccurate measurement of 

GCS scores, University of Michigan Sedation Scale (UMSS) scores were extracted from the 

EHR and patients with a sedation score of >2 at the time when GCS was <9 were included 

in the s-modTBI group as these were not considered as true neurological deterioration 

(Figure 1) [10]. This study was approved by the institutional review board of the University 

of Pittsburgh (STUDY20050220).

Patient Characteristics

Data obtained from the NTDB included age, sex, race, cause of injury, AIS for each 

body region and ISS. Cause of injury was divided into 6 categories: falls, motor vehicle 

collisions (MVC), abusive head trauma (AHT), bicycle injuries, struck by/against, and other. 

Polytrauma was defined as an AIS score of >2 in body regions other than the head.

All data regarding clinical characteristics including hospital length of stay (LOS), pediatric 

ICU (PICU) admission, PICU LOS, and neurocritical care interventions were obtained 

from the EHR. CT findings on admission were extracted from radiology reports by chart 

review to identify radiographic diagnoses of traumatic subarachnoid hemorrhage (tSAH), 

epidural hematoma (EDH), subdural hematoma (SDH), skull fracture, contusion, midline 

shift and generalized brain edema. Rotterdam scores were obtained from the first available 

non-contrast head CT obtained during admission and were calculated according to methods 

described by Maas et.al [11]. Neurosurgical interventions included hematoma evacuation, 

burr hole placement, craniotomy, skull fracture elevation and decompressive craniectomy. 

Geographically-adjusted costs of care were obtained for each encounter from the Pediatric 

Health Information System database. To analyze differences between GCS values obtained 

from EHR and NTDB, we extracted the first GCS recorded for all patients from both 

databases separately and compared these values in a Bland-Altman Plot (Figure 2).

Data are presented as mean ± standard deviation (SD) or median interquartile range (IQR). 

For univariate analysis, continuous data were compared with a two-sided t-test and the 

Mann-Whitney test, and proportions were compared with Fisher’s exact or Chi-squared 

tests. Associations between independent variables were assessed with a stepwise logistic 

regression model that accounts for significant interactions between variables. Variables 

included in the analysis were: age, gender, cause of injury, ISS, admission GCS, first 

hemoglobin, INR and glucose. Presence of polytrauma and CT findings were excluded 

from the analysis due to collinearity between both variables and ISS. Missing values for 
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laboratory parameters were assumed normal and imputed with medians. INR values were 

standardized to have a mean of 0 and a standard deviation of 1 to demonstrate clinically 

meaningful change for final logistic regression analysis. All analysis was conducted using 

R version 3.5.1 (The R Foundation for Statistical Computing, Institute for Statistics and 

Mathematics, Vienna, Austria). A p-value < 0.05 was considered statistically significant.

Results

A total of 2,678 patients were treated in our institution for TBI from 2010–2017. Based 

on initial GCS scores, 2,221 (83%) had mild, 185 (7%) had moderate, and 272 (10%) had 

severe TBI. In the modTBI cohort, we excluded 5 patients older than 18 years, 3 patients 

with no brain imaging after injury, and 4 patients with low GCS scores from sedation. The 

final number of patients with modTBI for this analysis was 177, and of this group, 37 (21%) 

experienced clinical deterioration. Median time to deterioration was 5.6 hours and 75% of 

patients deteriorated within 8 hours of presentation.

Patient demographics and admission characteristics are shown on Table 1. Characteristics 

were similar for both s-modTBI and d-modTBI groups. MVC and AHT were more 

common and falls were less common in d-modTBI than s-modTBI patients, although these 

differences did not reach statistical significance (30 vs. 26%, 30 vs 13%, 36 vs 19%, 

respectively, p= 0.12). The median GCS on admission was 11. Admission GCS was lower in 

d-modTBI vs. s-modTBI (10 vs 12, p<0.01). d-modTBI patients had higher median ISS (22 

vs 13), higher AIS-Head (4 vs 3), and a higher percentage of polytrauma (37 vs. 15%, all 

p<0.01).

The initial head CT showed at least one intracranial abnormality in 75% of patients with 

modTBI (Table 1). d-modTBI patients were more likely to have SDH (57 vs 37%,), midline 

shift (19 vs 6%), generalized edema (39 vs 7%) and contusion (37 vs 16%) on initial 

neuroimaging compared to s-modTBI (all p<0.05). The median Rotterdam Scores in both 

groups were 0 (IQR 0–1). Repeat CT scans of patients in the d-modTBI group showed 

worsening of SDH or EDH in 14 (38%) of patients. On univariate analysis, deterioration was 

also associated with a lower initial serum hemoglobin (mean ± SD: 12.3 ± 2.0 vs 12.28 ± 2.1 

g/dL), higher initial glucose (mean ± SD: 158 ± 62 vs 134 ± 50) and a higher INR (mean ± 

SD: 1.3 ± 0.2 vs 1.1 ± 0.2) (all p<0.05) (Table 2).

Multivariable analysis using logistic regression modeling showed that a higher ISS, a higher 

INR and a lower admission GCS were associated with deterioration to severe TBI in 

the first 48 hours (Supplemental Digital Content 1). Each unit increase in ISS score was 

associated with a 1.07 (95% CI 1.02–1.14) greater odds of deterioration, whereas each unit 

increase in GCS was associated with a 0.51 (95% CI 0.36–0.71) lower odds of deterioration. 

Standardized INR values revealed that each standard deviation increase in INR level was 

associated with a 1.62 (95% CI 1.07–2.71) greater odds of deterioration.

A summary of critical care interventions is shown in Table 3. The median UMSS score 

of patients in the d-modTBI group at the time of deterioration was 1. The median UMSS 

score did not change within one hour of deterioration. 80% of patients with modTBI were 
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admitted to the PICU with a median PICU LOS of 33 hours. PICU admission rate (100% 

vs. 74%), PICU LOS (6 vs. 1 days) and hospital LOS (9 vs. 3 days) were significantly 

higher in those with d-modTBI (all p<0.01). Children with d-modTBI were more likely 

to require intubation (73 vs. 26%), receive hypertonic saline (38 vs. 7%), and undergo 

ICP monitoring and (24 vs. 0%)(all p<0.01). ICP monitors were placed exclusively in 

9 d-modTBI patients following neurologic deterioration; no s-modTBI patients required 

ICP monitoring. Of 14 patients who received hypertonic saline, 12 of them received the 

treatment after deterioration. Neurosurgical interventions included 13 EDH evacuations, 4 

SDH evacuations, and 1 decompressive craniectomy and duraplasty; there was no difference 

in need for surgical intervention between d-mod and s-mod TBI patients.

The median cost of hospitalization was significantly higher in d-modTBI vs s-modTBI 

($25,568 vs $10,724, p<0.01). We observed no mortality in the modTBI cohort. Patients 

who deteriorated during their stay were more likely to be transferred to a rehabilitation 

facility following discharge (32% vs 5%, p<0.01;Supplemental Digital Content 2).

Discussion

ModTBI represents a spectrum of disease, with reported outcomes ranging from complete 

recovery to severe disability and death. Major organizations including ATLS and CDC 

define modTBI as an initial GCS score of 9–12 [12, 13]. NTDB however, defines mild 

TBI as a GCS of 14–15 and severe TBI as <9. Additionally, studies have shown that 

outcomes of patients with an initial GCS of 13 were more similar to modTBI than the 

mild TBI population[14, 15], leading to inclusion patients with a GCS of 13 in moderate 

TBI analysis[5, 16]. We included patients with GCS 13 given this patient population is at 

risk for worse outcomes. We aimed to define the characteristics of the modTBI population 

and identify subgroups of patients at risk for deterioration and associated critical care and 

hospital resource utilization, and worse short-term outcomes. In our cohort, 23% of patients 

initially presenting as modTBI with a GCS of 9–13 experienced clinical deterioration 

(d-modTBI). As anticipated, these children were admitted to the PICU more frequently, 

had longer LOS, incurred higher costs of care, and were more likely to receive additional 

neurocritical care interventions. Our logistic regression model demonstrated that higher ISS, 

higher INR and lower admission GCS scores were associated with deterioration to severe 

TBI.

The NTDB is the largest aggregation of standardized trauma registry data from the U.S. 

ever assembled and has yielded vital insights regarding the epidemiology and management 

of trauma. However, germane to TBI, EHR data can offer a higher level of detail (i.e. 

laboratory values, imaging findings and serial GCS measurements), with less missing data 

than administrative data. This study capitalizes on the comprehensive reporting of trauma to 

the NTDB, combined with the higher level of detail offered by the EHR.

The association of a lower GCS score with worse outcomes is consistent with previous 

findings in both children and adults with modTBI[5, 16]. Although the GCS score is prone 

to misinterpretation due to confounding factors including sedation and intubation, it has 

been the most extensively used method to define TBI severity. Previous studies have shown 
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that even within the modTBI cohorts, patients had worse outcomes if they presented with 

a GCS of 9–10 compared to a GCS of 11–13.[5, 17]. Similarly, our study showed that the 

risk of deterioration was higher with a lower GCS score on admission within the moderate 

category.

The ISS score is a measure of trauma severity. It is derived from AIS, an anatomical 

classification system that codes eight different body regions with a score of 1–6; 1 being 

minor and 6 being nonsurvivable injuries[18]. A high ISS might be caused by a high 

head AIS in an isolated TBI case, or it may indicate the presence of other injuries in 

different body regions. Previous studies in pediatric modTBI showed that a high ISS and 

polytrauma were associated with a poor outcome[5, 16]. Interestingly, logistic regression 

models using polytrauma instead of ISS scores did not show any significantly increased risk 

of deterioration in our cohort. Thus, it may be that the association between deterioration and 

high ISS in our cohort is mediated by head injury.

Coagulopathy is an established prognostic indicator in children with trauma and 

particularly, TBI. [19–22]. It has been demonstrated that the probability of having an 

abnormal coagulation test increases as TBI severity increases [23]. A study in combat 

support hospitals showed that 27% of children with trauma had presented with early 

coagulopathy (INR >1.5). Coagulopathy was associated with a higher ISS and both were 

independently associated with mortality [24]. Similar findings on coagulopathy have also 

been demonstrated in children with different mechanisms of injury, including AHT [25, 26]. 

A study Leeper et. al showed that while elevated INR strongly predicted mortality, product 

transfusion did not influence the INR trend or the outcome; indicating that INR serves as a 

marker for systemic dysregulation rather than a treatment target [19].

These findings together imply that there are subgroups of severity in the modTBI cohort 

itself at higher risk for deterioration. From the perspective of initial diagnostic information, 

our data suggest clinical parameters that could direct care—namely, that pediatric modTBI 

patients with an initial GCS of 9–10, higher ISS, elevated INR, and/or with either diffuse 

swelling or contusion on CT predict the greatest risk. Such patients may benefit for 

consideration of interventions such as a more intensive nurse staffing ratio in the initial 

48 h, or heightened vigilance in carrying out serial monitoring of GCS or neurological 

examinations, repeat imaging, the need for ICP monitoring, and/or therapy directed at brain 

edema. This concept is supported by recent initiatives, largely in adults, to more fully 

phenotype patients with TBI—and that the traditional classification of mild, moderate, and 

severe may be inadequate [27] [28]. Our findings also highlight the fact that current severe 

TBI guidelines fail to provide recommendations for pediatric modTBI patients [29], and 

even the consensus and evidence-based algorithm for bedside care does not address this 

important gap [30]. Retrospectively, we showed that only 22% of d-mod TBI patients had 

ICP monitors placed and 34% received hypertonic saline in the d-modTBI group; 0% of the 

s-mod TBI and 7% of the s-modTBI group received it as well underwent these interventions, 

respectively. The inconsistency between critical care interventions in the deterioration group 

can also be explained by the lack of evidence based guidelines for the deteriorated modTBI 

patients; therefore the decision to transition them to a severe TBI protocol was made on a 

case-by-case basis.
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There are several limitations to this study. First, this is a retrospective study and long-term 

data on cognitive outcome was not available. In addition, we had no mortality in this cohort 

of 177 cases, suggesting a high level of care. That finding, however, limited our ability 

to link deterioration with either long term outcome or mortality. Nevertheless, our primary 

study goal was focused on factors associated with deterioration. Our study utilizes GCS 

as an indicator of brain injury, though GCS can be influenced by neurologic changes that 

are not a result of the primary brain trauma. Additional confounding factors regarding 

deterioration include variations in management that could impact progression of brain 

swelling, such as differences in fluid management/balance in the cohort, or other therapies 

[31].

This study shows that a subset of children presenting with modTBI at our level 1 pediatric 

trauma center experienced significant deterioration in the first 48 hours, requiring additional 

resource utilization associated with significant cost of care. Deterioration was independently 

associated with an increased INR, higher ISS and a lower admission GCS. Additional work 

is necessary to verify characteristics heralding potential neurologic deterioration in this 

unique and heterogeneous population.
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Report in context

• Numerous studies have investigated the epidemiology and clinical 

characteristics of mild and severe TBI and identified independent risk factors 

for poor outcomes. However, there is paucity of data on risk factors for poor 

outcome after modTBI, particularly in children.

• Administrative databases provide large sample sizes and have yielded vital 

insights regarding the epidemiology of trauma; however, they are limited by 

voluntary participation, missing data, lack of important parameters, which 

may be mitigated by use of data extracted from EHR.

• To our knowledge, this study is the first study that identifies clinical 

characteristics associated with deterioration in children with modTBI using 

EHR data in conjunction with administrative databases.
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At the bedside

• A substantial subset (23%) of patients initially presenting as modTBI with 

a GCS of 9–13 experienced clinical deterioration and required additional 

critical care resource utilization.

• A GCS of 9–10, higher ISS and elevated INR were independently associated 

with clinical deterioration in pediatric modTBI patients.
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Figure 1: 
Flowchart of children with moderate traumatic brain injury (modTBI) characterized by a 

Glasgow Coma Scale (GCS) score of 9–13 on admission in electronic medical records.
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Figure 2: 
Comparison of GCS scores from different database sources of children presenting with an 

ED GCS of 9–13 in either the NTDB or the EHR. The vertical axis shows the difference 

between GCS scores from NTDB and EHR. The horizontal axis represents the average of 

these two measures.
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Table 1:

Characteristics of Children with Moderate Traumatic Brain Injury

Admission Characteristics All (n=177) Stable (n=140) Deteriorated (n=37) p-value

Median Age (IQR) 5 y (9 m, 11 y) 5 y (9 m, 11 y) 6 y (15 m – 10 y) 0.83

Male (%) 122 (69) 95 (68) 27 (73) 0.63

Cause of Injury (%) 0.12

 Fall 58 (33) 51 (36) 7 (19)

 MVC 47 (27) 36 (26) 11 (30)

 AHT 29 (16) 18 (13) 11 (30)

 Bike 16 (9) 13 (9) 3 (8)

 Other 27 (15) 22 (16) 6 (16)

Median Head AIS 3 (2, 4) 3 (2, 4) 4 (3, 4) < 0.01

Median ISS (IQR) 16 (9, 23) 13 (9, 19) 22 (16, 27) < 0.01

Polytrauma (%) 35 (20) 20 (15) 15 (37) <0.01

Median GCS score on Admission (IQR) 11 (10, 12) 12 (10, 13) 10 (9, 10) < 0.01

Initial CT Scan Findings (%)

 Epidural Hematoma 28 (16) 23 (16) 5 (14) 0.8

 Subdural Hematoma 73 (41) 52 (37) 21 (57) 0.040

 Subarachnoid Hemorrhage 30 (17) 23 (16) 7 (19) 0.80

 Cranial Fractures

  Basilar Fracture 30 (17) 24 (17) 6 (16) 1

  Vault Fracture 58 (33) 51 (36) 7 (19) 0.049

 Contusion 37 (21) 24 (17) 13 (35) 0.022

 Midline Shift 16 (9) 9 (6) 7 (19) 0.046

 Generalized Edema 26 (15) 11 (8) 15 (30) < 0.01

CT Rotterdam Scores 0 (0, 1) 0 (0, 1) 0 (0, 1) 0.59

(MVC=motor vehicle accident, AHT=abusive head trauma, AIS=Abbreviated Injury Scale, ISS=Injury Severity Score, GCS=Glasgow Coma Scale, 
y=years, m=months)
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Table 2:

Laboratory Parameters of Children with Moderate Traumatic Brain Injury at the Time of Presentation to the 

Emergency Department

Initial Laboratory Parameters All (n=177) Stable (n=140) Deteriorated (n=37) p-value

Initial Hgb, mean ± SD 12.06 ± 2.11 12.3 ± 2.03 11.2 ± 2.20 0.01

Initial INR, mean ± SD 1.16 ± 0.19 1.12 ± 0.17 1.27 ± 0.23 < 0.01

Initial Glucose, mean ± SD 139 ± 53.69 134 ± 50.2 158 ± 62.1 0.03

Initial Sodium, mean ± SD 139 ± 2.86 139 ± 2.75 139 ± 3.07 0.82
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Table 3:

Admission Course of Children with Moderate Traumatic Brain Injury

Neurocritical Care Usage Parameters All Patients (n=177) Stable (n=140) Deteriorated (n=37) p-value

Median Hospital LOS days 4 (2, 7) 3 (2, 5) 9 (7, 14) < 0.01

ICU Admission (%) 141 (80) 104 (74) 37 (100) < 0.01

Median ICU LOS hours (IQR) 33 (11–68) 23 (0–47) 133 (67–184) < 0.01

Neurosurgical Intervention 18 (10) 12 (8) 6 (16) 0.12

Hypertonic Saline 24 (14) 10 (7) 14 (38) < 0.01

Mechanical Ventilation 68 (38) 33 (26) 27 (73) < 0.01

ICP Monitor 9 (5) 0 (0) 9 (24) < 0.01

Median Cost (IQR) 12,610 (7,170, 20,537) 10,724 (6,509, 16,729) 25,568 (19,385, 43,028) < 0.01

(LOS=Length of Stay, ICU=Intensive Care Unit, ICP=Intracranial Pressure)
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