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ABSTRACT 

 

Initial trauma resuscitation of all ages involves rapidly evaluating and treating immediate life-

threatening injuries for the purposes of preventing the development shock, or a state of poor 

tissue oxygenation.  According to current guidelines published by the American College of 

Surgeons, Committee on Trauma, shock after trauma is assumed to be secondary to 

hemorrhage, and immediate intravascular volume replacement is instituted.  However, 

preliminary studies indicate that children with shock after trauma may not suffer from 

hemorrhagic injuries, but may have isolated head injuries.  Our objective was to determine if 

head injury predicted shock in pediatric patients for the purposes of improving trauma 

resuscitation for the pediatric patient in the future. 

We examined data from a national registry, the 2009 National trauma Data Bank.  Pediatric 

patients age 0-15 years were selected and were classified as suffering from shock if the initial 

systolic blood pressure measurement on arrival to the emergency department was considered 

hypotensive for age.  The primary predictor of interest was injury pattern classified from 

discharge ICD-9 codes, including isolated head, hemorrhagic, spinal cord, or other injury type.  

Logistic regression was performed to determine the independent effect of head injury on 

hypotension while correcting for sex, race, injury severity scores, and Glasgow coma scores. 

In a study population of 69,950 injured pediatric patients, 53% of hypotensive children age 0-4 

years presented with isolated head injury.  Isolated head injury (OR=1.79, 95% CI 1.34-2.37 vs. 

other) and hemorrhagic injury (OR=1.67, 95%CI 1.21-2.30 vs. other) were found to be 

significant contributors to the development of hypotension and shock in the 0-4 year old age 

group.  In young patients head injury appears to be a significant predictor of shock after trauma. 
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

 

INTRODUCTION  

Pediatric Injury 

Childhood trauma is the leading cause of death in children age 1-18 years of age.1  In 2010, 

unintentional injuries were responsible for 32.1% deaths in children age 1-15 years of age in the 

United States; more than cancer, birth defects, and heart disease combined.2  These latter 

medical conditions, which benefit from wide spread initiatives in search of cure, continue to exist 

at the forefront of pediatric medicine, while recognition of trauma as a disease that kills and 

injures our children with more frequency, continues to escape scrutiny.  As common causes of 

childhood mortality in the last century, such as infectious disease and prematurity, find effective 

treatments and cures, injuries are expected to account for an increased proportion of deaths, 

causing a projected 8.4 million deaths in 2020.3   

The problem of childhood injury is not that of mortality alone.  Morbidity from childhood injury is 

significant, and is exponentially increased when disabilities affect the child, the family, and the 

society supporting them.4  Loss of work for caregivers, need for long-term care, and the 

demands of rehabilitation, place numerous strains on a family and the community.  Indeed, 

productive years lost and cost of long term rehabilitation are the greatest for the youngest 

injured children and their families. 5  It is difficult to accurately determine all of the costs of 

pediatric trauma, but it has been estimated that injuries to children have resulted in the loss of 

2.7 million quality adjusted life years, and lifetime productivity losses amounting to $66 billion.6  

Direct spending for medical services for one victim of childhood trauma is estimated to amount 

to $14 billion over a lifetime.7 

While little research exists in regard to acute treatment of pediatric trauma, substantial progress 

has been made in the area of prevention of childhood injury.  The mortality rate has declined by 
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50% in one generation inclusive of the years 1970 to 1995.2,8  This substantial decrease is 

largely attributed to improved car design, car seats, seat belts, smoke detectors, bike helmets, 

and other preventive measures.  These public health measures are a fundamental first step, but 

are limited in focus to prevention.  Because childhood will always exist as a time of exploration 

and new skill development, injury will never become completely preventable, even with our best 

protective efforts.  Despite the public health implications, and despite the large advances in 

preventive measures, the acute resuscitation of trauma is not currently evidenced-based for the 

pediatric patient. It is in this initial treatment after injury that we wish to focus our research 

questions.  After the injury occurs, what can be done to ensure the best possible treatment and 

outcome for our children? 

Trauma Care 

The development of trauma centers in the United States originates from the military experience.  

Immediate availability of surgeons and facilities (Mobile Army Surgical Hospital units), and pre-

hospital personnel and transport systems such as ground ambulances and helicopters, are just 

a few of the tenets of trauma care that have originated in the U.S. military.  The first civilian 

trauma system did not originate until 1967 with the inception of the first adult trauma center at 

Cook County Hospital in the state of Illinois.  Trauma care has been largely advanced in the 

United States by the American College of Surgeons (ACS), Committee on Trauma (COT).  In 

February of 1984 the ACS, COT developed the first manual to define the standards of care 

necessary to treat trauma patients.9  The first pediatric chapter in the ACS resource manual first 

appeared not too long ago in the 1987 edition.10 

Deaths after trauma are recognized to occur in a trimodal distribution.11  The first peak occurs 

within seconds to minutes of injury.  Very few of these patients can be saved, and only 

prevention can significantly reduce these trauma-related deaths.  The third peak occurs days to 

weeks after injury and is most commonly secondary to sepsis and multiple organ system 
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dysfunction.  But, between these two times the second peak in trauma deaths occurs within 

minutes to hours following injury.  This “golden hour” of care is characterized by the need for 

rapid assessment and resuscitation, and this critical time is where our research questions are 

focused. 

In trauma care of all ages, the goal of resuscitation is to rapidly evaluate and treat immediate 

life-threatening injuries that compromise tissue oxygenation.  The objective of this initial 

treatment is to intervene in the ultimate common pathway leading to death in the injured child:  

profound shock, or the inadequate delivery of oxygen to the tissues. This initial phase of 

evaluation and treatment is known in ATLS (Acute Trauma Life Support) courses as the 

“primary survey” or the ABCs of trauma: airway, breathing, and circulation.11 These guidelines 

are published by the ACS, COT in the ATLS manual, and are taught world-wide, being 

considered the gold standard for trauma resuscitation.     

Shock in Trauma 

Evaluation of circulation is a process that must be performed simultaneously with the 

assessment of the airway and breathing, and after a patent airway is established and adequate 

ventilation has been insured, the diagnosis and management of shock takes precedence. Shock 

is initially evaluated with heart rate and blood pressure as well as other physical exam findings 

such as skin temperature and level of consciousness.   Once shock is recognized in the trauma 

patient, the next step is to identify the probable cause of the shock state.  According to  ATLS, 

“Hemorrhage is the most common cause of shock in the injured patient.”11 

To understand the pathophysiology of shock, we need to look to the cardiovascular system, as 

this is the system responsible for oxygen delivery.   Blood pressure  is maintained by many 

factors including blood vessel tone (systemic vascular resistance), heart rate, strength of the 
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heart muscle during contraction (cardiac contractility), and the volume of blood returning back to 

the heart to be pumped again (preload).  

 
Figure 1. Determinants of Blood Pressure12 

 

So while hemorrhage will decrease cardiac output by decreasing blood volume delivered back 

to the heart, or preload, all the other mentioned cardiac and vascular parameters may be 

affected to produce the development of shock.  (Figure 1.) In each scenario, the optimal 

treatment to restore oxygen delivery to the tissues of the body is to recognize what 

cardiovascular parameters are contributing to the development of shock, and to institute 

treatment accordingly. For example, in spinal cord injury, it is known that blood vessel tone, or 

systemic vascular resistance is severely impaired secondary to neuronal injury, and massive 

vasodilatation is the cause of resultant hypotension and shock.  In the case of shock secondary 

to spinal cord injury, fluid administration will help by optimizing pre-load, but the optimal 
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treatment to increase oxygen delivery to the tissues would include pharmacologic interventions 

to increase vascular tone, or systemic vascular resistance. 

 

Once shock is identified in the trauma patient resuscitation is immediately implemented, 

according to ATLS recommendations, with boluses of isotonic fluid, followed by blood 

transfusion if the shock state persists. The rationale for this treatment is the assumption that the 

majority of shock in trauma is hemorrhagic, or hypovolemic, in origin.  ATLS further states that, 

“For all practical purposes, shock does not result from isolated brain injuries.”11   

However, some early studies examining shock in pediatric trauma demonstrate that pediatric 

trauma patients presenting with shock, defined as hypotension for age, are often not ultimately 

diagnosed with hemorrhagic injuries.   In fact, a few early, small studies seem to demonstrate 

that the majority of young children in shock may suffer only from isolated head injury.13,14  Why 

would these children suffer from poor perfusion, hypotension, and shock with only head injury, 

and no evidence of hemorrhagic injury?  The answer to this question is not known at this time, 

but may be hypothesized to be caused by poor cardiac contractility or decreased systemic 

vascular resistance; factors under neurological control and regulated in the brain. (Figure 2)  

With understanding and confirmation of this phenomenon, eventual investigation of the 

pathophysiology can lead to more targeted resuscitative measures for these young trauma 

patients. 

 

So, while it is recognized that injury is the number one cause of pediatric death, and death after 

trauma is preceeded by the development of a shock state as the body is unable to provide 

adequate oxygenation to its tissues, we know suprisingly little about the mechanisms and origin 

of shock after severe injury in pediatric patients.  Specifically, the current assumption of 
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hypotension and shock being hemorrhagic in origin may not be appropriate in the pediatric 

trauma population. 

     Figure 2.  Relationships between Brain Injury and Shock 

 

Pediatric Head Injury 

Head injury, in particular, is common in pediatric patients and is a major cause of mortality and 

morbidity in childhood.15,16   Each year 1.7 million people in the United States die, are 

hospitalized, or are seen in an emergency department with a traumatic brain injury (TBI), and 

children aged 0–4 years compromise one of the largest demographic groups affected by TBI.17  

Approximately half a million children per year are seen in emergency departments in the United 

States because of trauma to the head.  In addition, pediatric traumatic brain injury is a 

substantial contributor to the health resource burden in the United States, accounting for more 
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than $1 billion in total hospital charges annually.15  Direct medical costs and indirect costs such 

as lost productivity of TBI totaled an estimated $76.5 billion in the United States in 2000.17 

 

Even with the documented wide-spread nature of the problem, scant evidence-based 

recommendations exist to guide treatment of adults with head injury.  And despite head injury 

being more common in the pediatric population, even fewer pediatric treatment 

recommendations exist.  The optimal medical and surgical management of severe traumatic 

brain injury in the pediatric population remains under investigated and many questions remain 

unanswered. 

 

Currently it is recognized that severe traumatic brain injury involves two types of injury- primary 

and secondary.  Primary injury arises from the initial injury and impact, and secondary injury 

describes an evolving process that occurs in the hours and days that follow the initial trauma.  In 

secondary injury progressive cellular damage occurs from continued cellular degeneration 

initiated by the primary injury and developing secondary insults such as cerebral edema, 

elevated intracranial pressure (ICP), cerebral herniation, traumatic ischemia and/or infarction, 

secondary hemorrhage, hypotension, hypoxia, and the development of shock.  In children, the 

developing brain has less cerebrospinal fluid volume, which results in even less buffering 

capacity for changes in intracranial tissue volume, and places them at increased risk for 

secondary injury from developing hematomas and/or cerebral edema. 

 

Successful treatment of head injury requires minimizing the secondary injury by preventing 

hypotension and hypoxia, treatment of elevated ICP, and maintenance of adequate cerebral 

perfusion pressure (CPP).  CPP correlates well with cerebral blood flow, and a low CPP 

correlates with poor outcome in traumatic brain injury patients. Adequate cerebral perfusion is 

accomplished by not allowing the ICP get too high while not allowing the body/systemic mean 
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arterial blood pressure (MAP) to get too low, allowing for a pressure gradient to drive cerebral 

blood flow and oxygen delivery to the tissues of the brain.  In fact, in mathematical terms, CPP 

equals the MAP minus the ICP. 

  

Multiple studies have demonstrated that hypotension and hypoxia in head injury have the 

greatest negative impact on outcome, including increased morbidity and mortality.18,19  In fact, 

hypotension has been associated with significantly higher mortality rates in children as 

compared to adults.20 Therefore, treating hypotension, inadequate oxygen delivery to tissues, or 

shock in the pediatric trauma patient is of utmost importance, and maybe never more so than in 

the head injured child. However, some studies indicate that large amounts of fluid resuscitation 

with isotonic fluids, in the setting of head injury, may contribute to increased cerebral edema 

and worsening of secondary brain injury.21 

 

Early Data of Shock in Head Injury 

While it has been well documented that treating hypotension in the setting of head injury is 

necessary and vital to maintaining cerebral perfusion pressure and ensuring best outcomes, the 

cause of hypotension in isolated head injury has not been elucidated.  As cited earlier, Partrick 

et al in a prospective study of 194 hypotensive, injured children age 0-18 years,13  demonstrated 

hypotensive children from 0-5 years of age had a 61% incidence of isolated head injury.  

Because it is not possible to lose significant volumes of blood in a closed space such as the 

skull, Partrick concluded that hypotension should not be viewed only as a potential marker of 

loss of circulating volume or hemorrhage.  The phenomenon of poor perfusion and shock 

without hemorrhagic injury has also been noted in adult studies although to a lesser degree, 

perhaps secondary to different injury patterns, or less frequent head injury in adult patients.  

Mahoney et al described a series of hypotensive adult trauma patients where  hemorrhagic 

injury was noted in 49% and isolated head injury in 13%.22  The conclusions of Partrick et al 
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were reached with a single-center based investigation and with a limited number of patients, 

and not replicated since our recent single-center study found similar findings.14 

  

The phenomenon of head injury resulting in hypotension has also been shown in animal 

studies.  Interestingly, in these animal models, hypotension from head injury has been found to 

be relatively resistant to volume replacement with fluids alone, instead requiring pharmacologic 

interventions to correct perfusion.  Fulton et al showed that isolated brain injury  in a pig model 

caused hypotension, although, again, the mechanism remains unclear.23  In addition, inducing 

head injury followed by hemorrhage in a pig model resulted in altered vascular compensation to 

hemorrhage and made accepted resuscitative measures with volume replacement ineffective.   

 

Accessing the pediatric trauma population at our institution, data reveals that 30% of pediatric 

patients presenting with shock (defined as low systolic blood pressure for age combined with 

elevated blood lactate measurements) sustained isolated head injury with no evidence of 

hemorrhagic injury.  Among patients with shock, the phenomenon of head injury was 

significantly different by age.   Among children presenting with severe shock after trauma, the 

proportion with isolated head injury was highest for the youngest children and decreased with 

increasing age, occurring in 50% of 0-4 year olds, 23% of 5-11 year olds, and 0% of 12-15 year 

olds, p=0.03.14  

   

It remains unclear, but is highly suggested, from these early studies and animal data that head 

injury itself causes the cardiovascular dysfunction of shock.  No etiology or definite 

pathophysiology has been elucidated to explain how head injury would lead cardiovascular 

dysfunction and shock.  Some related studies have shown general cardiovascular dysfunction in 

the setting of pediatric head injury.  Biswas et al used heart rate variability as a measure of 

autonomic function and demonstrated that with traumatic brain injury and increased intracranial 
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pressure there was a decrease in heart rate variability in children less than 12 years of age.24  

Goldstein et al showed uncoupling of the autonomic and cardiovascular systems in acute brain 

injury in children younger than 18 years old that was proportional to the degree of head 

injury.25,26  Dash et al demonstrate evidence of bradycardia and ECG (electrocardiographic) 

changes in children younger than 12 years of age with head injury.27  However, even though 

these studies continue to suggest the “head to heart” connection, the changes in cardiovascular 

function as a result of head injury continue to remain unexplained, and recommendations by 

ATLS regarding pediatric trauma resuscitation in the face of head injury have not changed. 
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OBJECTIVES 

Because we know that injury is a major cause of morbidity and mortality in our children, and that 

trauma patients ultimately die from shock, and that current resuscitation practices lack a strong 

evidence base in the area of pediatrics, we wish to further explore the causes of shock in 

pediatric trauma.  We aim to investigate the origin of shock in pediatric patients by examining 

the types of injuries that present with shock in this young population.  Using a large, multicenter, 

national trauma database, this research will provide a deeper understanding of injury patterns in 

pediatric trauma patients presenting with shock.  Particularly we will examine the contribution of 

head-injury to the development of shock.  Providing an evidence-based description of shock in 

pediatric trauma will ultimately improve understanding, and therefore resuscitation, for the 

pediatric trauma patient in the future.  
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SPECIFIC AIMS 

We propose to identify injury patterns in pediatric trauma patients presenting with shock using 

the 2009 National Trauma Database (NTDB) registry to identify pediatric trauma patients age 0-

15 years of age, as a group and by age group.  We will also determine the contribution of 

isolated head injury to the development of shock in this population as a group and by age group.   

 

Specific Aim 1:  Describe and classify injury patterns as hemorrhagic or head injury in pediatric 

trauma patients presenting with shock, as a complete cohort and by age-specific subgroups. 

Hypothesis:   

 Among pediatric trauma patients presenting with shock after trauma, the prevalence of isolated 

head injury will vary by age and will be largest in the youngest age groups. 

 

 Specific Aim 2:  Determine the contribution of isolated head injury in predicting hypotension 

after trauma while accounting for other covariates of injury severity (GCS, ISS) and whether 

effects differ by age. 

Hypothesis:   

2a. Isolated head injury is a significant contributor to the development of shock after trauma. 

2b.The proportion of patients presenting in shock after trauma who have an isolated head injury 

will be inversely proportional to age. 
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SIGNIFICANCE 

 

Despite the significant threat to health, the majority of research and effort in childhood trauma 

has focused on prevention. Very limited research exists to address the practice of acute 

resuscitation of injured children. While focusing on injury prevention has been very effective, 

childhood injury will never be completely preventable, and the need exists to determine best 

practices in pediatric trauma treatment.   

 

Currently, much pediatric trauma care is taken from adult trauma resuscitation, with evidence 

based practice guidelines routinely adopted from adult care and research.11  However, unique 

pediatric injury patterns and response to injury may limit the applicability of treating the young 

pediatric trauma patient as a “little adult”.   

 

Specifically, small preliminary studies have suggested that younger pediatric trauma patients 

with shock may not be suffering from hemorrhagic injuries.13,14 If pediatric patients sustain less 

hemorrhagic injury, and are often found to be in shock with isolated head injury, then assuming 

and treating hemorrhage in all cases of shock may be erroneous. In fact, large volumes of fluid 

used to treat shock assumed to be from hemorrhage may unnecessarily increase secondary 

injury in head injury by increasing cerebral edema and decreasing cerebral perfusion.  And, if 

head injury is found to contribute to poor cardiac contractility or loss of vascular tone, 

pharmacologic agents improving cardiac contractility and vascular tone, such as vasopressin, 

may improve circulation and resolve the hypotension 

 

Therefore, additional research is needed to determine the origin of shock in pediatric trauma 

patients.  This question needs to be explored further, and confirmed with a larger patient 

population, before resuscitation practices can be scrutinized, and care improved. 
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INNOVATION 

Because current practice in pediatric trauma resuscitation care is adopted from adults, and 

treatment guidelines are not age specific, current treatment paradigms should be questioned 

and existing dogma challenged.  Specifically, the current assumption of hypotension and shock 

as hemorrhagic in origin may not be appropriate in the pediatric trauma population.  Thus, our 

project is innovative in that it will challenge the current treatment paradigm that assumes all 

shock in trauma is hemorrhagic in origin, resulting in application of adult treatments to pediatric 

trauma patients.  We will broaden our understanding of shock, for purposes of pursuing 

innovative therapy, in pediatric trauma patients.  We will begin to mechanistically explain shock 

by first examining the injuries leading to the development of shock, and specifically the 

contribution of head injury to the development of shock in the pediatric trauma patient. 
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ABSTRACT 

Background:  Shock following trauma is currently assumed to be hemorrhagic, or hypovolemic, 

in origin.   Emerging evidence suggests shock may occur in pediatric patients with isolated head 

injury.  We sought to characterize and quantify the contribution of head injury to the 

development of shock after pediatric trauma. 

Methods: Data was obtained from the 2009 National Trauma Data Bank (NTDB) registry.  

Children 0-15 years of age were classified as suffering from shock if the initial systolic blood 

pressure measurement on arrival to the emergency department was hypotensive for age.  The 

primary predictor of interest was injury pattern classified from discharge diagnosis ICD-9 codes, 

including isolated head, hemorrhagic, spinal cord, or other injury type.  Injury patterns were 

compared between children with evidence of shock/hypotension and those without evidence of 

shock by age group using chi-square tests.  Logistic regression stratified by age group (0-4, 5-

11, 12-15 years) was performed to determine the independent effect of head injury on 

hypotension while adjusting for sex, race, injury severity scores, and Glasgow coma scores.  

Results:  In a study population of 69,950 injured pediatric patients,  53% of hypotensive children 

ages 0-4 years presented with isolated head injury, as compared to 42% of normotensive 

children in this age group (p=0.0001).  Isolated head injury (OR=1.79, 95% CI: 1.34-2.37 vs. 

other) and hemorrhagic injury (OR=1.67, 95% CI: 1.21-2.30 vs. other) were found to be 

significant contributors to the development of hypotension in the 0-4 year old age group in 

adjusted models, indicating that head injury is a significant predictor of hypotension and shock 

in this age group.  The association between head injury and hypotension was not significant in  

older age groups. 

Conclusions: Shock occurs after isolated head injury in young children, and isolated head injury 

predicts hypotension as much as hemorrhagic injuries in children age 0-4 years of age.    
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Injury Patterns Associated with Shock in Pediatric Trauma Patients: A National Trauma 

Database Review. 

 

INTRODUCTION 

Currently, it is stated by the American College of Surgeons, “For all practical purposes, shock 

does not result from isolated brain injuries.”11 Once shock is identified in the trauma patient 

resuscitation is immediately implemented, according to Advanced Trauma Life Support (ATLS) 

recommendations, with boluses of isotonic fluid, followed by blood transfusion if the shock state 

persists. The rationale for this treatment is the assumption that the majority of shock in trauma is 

hemorrhagic, or hypovolemic, in origin.   However, emerging evidence suggests shock may 

occur in pediatric patients with isolated head injury.13,14,28  Specifically, head injury may explain a 

majority of shock in the youngest patients.   

 

Pediatric trauma resuscitation includes treatment in what is termed, “the golden hour” after 

trauma; a time of rapid assessment and intervention during a time of peak mortality following 

trauma. While recognizing that great progress has been made in injury prevention, injury in 

childhood will remain an incompletely preventable occurrence, and trauma remains the leading 

cause of death among children aged 1-18 years old.1,2 As a step towards refining current trauma 

resuscitation protocols for pediatric patients, we sought to determine the frequency with which 

pediatric trauma patients present in shock with isolated head injury and without evidence of 

hemorrhagic injury in a large, nationally representative sample of injured children. 

 

Based on preliminary studies13,14  we hypothesized that in pediatric trauma patients presenting 

with shock after trauma, the prevalence of head injury will vary by age and will be largest in the 

youngest age groups, and that isolated head injury is a significant contributor to the 

development of shock after trauma, particularly in younger patients. If isolated head injury 
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proves to be a significant contributor to the development of shock after trauma, especially in the 

youngest patients, fluid replacement alone may not be the optimal treatment during this critical 

“golden hour” of resuscitation. 

 

METHODS 

Study Design 

Data were obtained from a national registry, the 2009 National Trauma Data Bank (NTDB).  The 

NTDB is sponsored by the American College of Surgeons Committee on Trauma and is the 

largest existing database of trauma registry data.    Registry data is validated by trauma 

registrars from participating institutions for accuracy and completeness prior to submission to 

the NTDB.  This study was reviewed and approved by the Wake Forest Medical Center 

Institutional Review Board. 

 

Study Population 

The 2009 NTDB Report (v7.2) is based on over 1.3 million admission year records on over 

680,000 individuals from 567 facilities collected from the previous year.29    186 of these facilities 

are verified as Level I trauma centers, representing 94% of all Level 1 centers.  118 centers are 

verified as Level I or II pediatric trauma centers. The NTDB was queried to identify all children 0 

to 15 years of age who presented to the emergency department for trauma care. Children with 

missing systolic blood pressure (SBP), age, sex, injury severity score (ISS), Glasgow Coma 

Scale (GCS), or who presented dead on arrival were excluded. 

 

Study Protocol and Definitions 

Age, sex, race, ISS, GCS, and initial SBP at the time of the child’s presentation to the 

emergency department, and discharge ICD-9 diagnosis codes were obtained for each child. The 

Injury Severity Score (ISS) is an established medical score to assess trauma severity, and has 
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been shown to correlate with morbidity and mortality after trauma.30,31  The ISS ranges from 1 to 

75, with scores higher than 15 generally indicating severe poly-trauma. The GCS score is a 

neurological scale used to provide a measure of the conscious state of a person.32  The GCS 

score ranges from 3-15 with 15 indicating full consciousness. 

 

To be consistent with the diagnosis of shock in clinical trauma practice and according to ATLS 

guidelines, children were considered to be suffering from shock if the initial SBP reading on 

arrival to the emergency department was considered hypotensive for age.  Hypotension was 

defined as an initial SBP reading less than [70 mm Hg+(2 x age in years)] for those children less 

than 10 years old, and SBP less than 90 mm Hg for those children 10-15 years old. 

 

Children were categorized into age strata including 0-4 years, 5-11 years, and 12-15 years, 

chosen a priori to reflect general age levels where physiologic and anatomic changes occur, 

and to be consistent with prior studies.13,14   

 

The primary predictor of interest was injury pattern, classified from discharge diagnosis ICD-9 

codes.  ICD-9 codes were classified into injury types with the primary type of injury of interest 

being isolated head injury, defined as head injury without other injury known to cause the 

development of shock.  Injury types considered as known contributors to the development of 

shock included hemorrhagic injuries or spinal cord injuries.  Each ICD-9 code was classified a 

priori as hemorrhagic injury, head injury, spinal cord injury, superficial injury, other internal injury 

(non-hemorrhagic), facial injury, trachea/larynx injury, other fracture (non-femur/pelvic), late 

trauma complications, environmental exposures, or burns. (Appendix 1)  The ICD-9 codes 

associated with each child were then used to classify the injury pattern in each child as 

hemorrhagic, isolated head injury, spinal cord injury, or other. 

 



20 
 

To obtain isolated head injured patients as the study population of interest; we conservatively 

chose to classify any injuries having the possibility of causing hemorrhagic shock as 

hemorrhagic injury, including scalp lacerations.  In addition, and for the same purposes, any 

child with possible spinal cord injury was classified as a spinal cord injury type, regardless of 

concomitant head injury.   

 

Data analysis 

We compared demographic characteristics and hypotension in participants who were excluded 

from the cohort due to missing data using chi-square tests and t-tests.  Descriptive statistics 

were calculated for the entire cohort and by hypotensive status using frequencies for categorical 

data (age group, sex, and race), and means and standard deviations for continuous variables 

(age, SBP, GCS, and ISS).  Chi-square tests for categorical variables and t-tests for continuous 

variables were used to compare the above variables by hypotension status.  The frequency of 

injury patterns in children was computed by age group and hypotension status.  Chi-square 

tests were used to compare injury patterns by age stratified by hypotension status. The 

proportions of children who presented with isolated head injury or hemorrhagic injury were also 

compared by hypotension status stratified by age group using chi-square tests. 

 

Logistic regression was used to estimate the independent effects of injury pattern, age group, 

and their interaction on the odds of hypotension adjusted for  confounding variables (sex, race, 

ISS, GCS); there was a significant interaction between age group and injury pattern (p<0.0001) 

so further analyses were stratified by age group. Logistic regression (adjusted for sex, race, 

ISS, GCS) was also used to test whether odds ratios differed by type of head injury using linear 

contrasts in the 0-4 years age group.  Statistical analyses were performed using SAS Enterprise 

Guide version 4.2(Cary, NC) and SAS (v 9.3, Cary, NC). A two-sided alpha level of 0.05 was 

used to indicate statistical significance. 
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RESULTS 

In the year 2009, the NTDB registry contained data for 682,036 patients.  Using our inclusion 

criteria of known age of 0-15 years (N=89,880), SBP measurement on arrival, and non-missing 

sex and ICD-9 codes, 78,673 children were included in the initial analysis.  We further excluded 

8,723 patients who did not have either a GCS (N=4,747) or ISS score (N=4,258) recorded, as 

these were considered important covariates in our planned analysis. (Figure 1.)  Patients 

missing ISS and GCS scores were examined and found to be slightly younger in age (mean age 

7.5 years vs. 7.9 years, p<0.0001), more likely female (36.3% vs. 34.5%, p=0.001), and more 

likely to have race listed as African American/Black (23.4% vs. 14.4%, p<0.0001).  These 

excluded patients were also slightly less likely to suffer from hypotension (1.7% vs. 2.1% 

p=0.02). 

 

Of these 69,950 injured pediatric patients who constituted the final study population, 1449 

children(2.1%)  were found to be hypotensive for age at presentation and were deemed to have 

evidence of shock after trauma. (Table 1)  Hypotensive children were found to have a higher 

mean age (8.4 years vs. 7.9 years, p=0.0005), more likely to be female (38.0% vs. 34.4%, 

p=0.005), and of African American/Black race (17.8% vs 14.4%, p=0.002) as compared  to 

children who were normotensive at presentation.  Mean ISS scores were higher in children with 

hypotension (15.5 vs 7.8, p<0.0001), and mean GCS scores were lower (11.7 vs. 14.3, 

p<0.0001). 

 

We found a significant relationship between injury pattern and age group in both hypotensive 

and normotensive children (both ps<0.0001) (Table 2).  Among children with hypotension, 

younger children aged 0-4 years had the greatest prevalence of isolated head injury (52.7%), 
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which was more than double the percentages in the older age groups. Hemorrhagic injuries 

were the most prevalent in hypotensive older children age 12-15 years (55.9%). 

 

Comparing prevalence of isolated head injury in children who presented normotensive to 

children who presented hypotensive by age group, we found that hypotensive children aged 0-4 

years had a higher prevalence of head injury (52.7%) than normotensive children (42.2%, 

p<0.0001) (Table 3).  Interestingly, there was no significant difference in the prevalence of 

isolated head injury in the 5-11 age group (22.6% vs. 24.8%, p=0.26), and in the 12-15 year old 

age group, the prevalence of isolated head injury was actually significantly lower in the 

hypotensive group (20.9% vs. 28.1%, p=0.0002).  A higher prevalence of hemorrhagic injury 

was found in children with hypotension (all age groups) as compared to those without 

hypotension (all p<0.0001). 

 

As a predictor of hypotension, isolated head injury was found to be a significant contributor to 

the development of hypotension in the youngest 0-4 year old age group after controlling for sex, 

race, ISS, and GCS scores (Table 4).  If a child was 0-4 years old and presented with isolated 

head injury, the OR for the development of hypotension was 1.79 (95% CI, 1.34-2.37 vs. other), 

indicating that head injury is a significant predictor of hypotension and shock in this age group.  

This association between head injury and hypotension was not significant in the older age 

groups.  As expected, the presence of a hemorrhagic injury signficantly predicted hypotension in 

all age groups. Spinal cord injury was found to be predictive of hypotension in only the middle 

ages of 5-11 years, but the lack of significance in the other age groups may be due to the small 

number of children with this injury type.  Sex and race (African American/Black vs. White) were 

significantly associated with hypotension in the older age groups only. 

 



23 
 

In a sub-analysis of isolated head injury broken down by type (cerebral hemorrhage, skull 

fracture, cerebral hemorrhage and skull fracture, and head injury not otherwise specified), we 

found no significant differences by type (p=0.08), with both skull fractures and cerebral 

hemorrhage ICD-9 codes significantly predicting hypotension in children aged 0-4 years (skull 

fracture, OR=1.92 (95%CI 1.39-2.66 vs. other); cerebral hemorrhage, OR=1.47(95% CI 1.06-

2.06) vs. other). 

 

DISCUSSION 

In this analysis using the largest national cohort of injured pediatric patients to date, over 53% of 

children 0-4  years of age presenting with hypotension indicative of shock sustained only an 

isolated head injury, without evidence of hemorrhagic injury.  Our findings are consistent with 

previous smaller studies at single institutions.13,14  In addition, with a large national sample 

available to be examined we were able to show that isolated head injury is significantly 

predictive in the development of hypotension after trauma in young children.  The OR for 

isolated head injury is comparable to the OR associated with hemorrhagic injury in this 

age group.  The OR for isolated head injury as a predictor of hypotension dramatically drops as 

the child’s age increases.   

 

The reason for this phenomenon remains unclear, but several possibilities exist.  It is possible 

that the shock from head injury in small children could be hemorrhagic in nature given their 

large head to body size ratio.  However, our sub-analysis using types of isolated head injury 

found no significant differences between skull fracture and cerebral hemorrhage in predicting 

hypotension in the 0-4 year age group.  Another possibility is that the shock in this age group is 

neurogenic in origin, similar to the known phenomenon of spinal shock, or caused by 

neurohumoral factors involved in the stress response.33,34  It is also possible that, included in the 
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category of neurogenic shock, it can be described as an autonomic process with increased 

vagal tone or poor sympathetic tone. Further investigation is needed into these possible 

physiologic explanations. 

 

The findings that younger children with isolated head injuries present with hypotension and 

evidence of shock, without evidence of blood loss or volume loss, challenge the reasoning 

behind the current resuscitation practices in pediatric trauma resuscitation for isolated head 

injury.  How this will impact clinical trauma resuscitation care going forward will depend on the 

physiologic cause uncovered with future studies.  It is possible that adjunctive treatments for 

shock after head injury in children will include an earlier addition of vasopressors, increasing 

sympathetic tone, or atropine to block increased vagal tone.  Pharmacologic adjuncts to fluid 

resuscitation could improve outcomes by decreasing the volume of fluid given, a treatment that, 

in the absence of blood loss, could increase cerebral edema, decrease cerebral perfusion 

pressure, and worsen neurological outcomes.  The question of precise treatment can be argued 

to be most important in this young population, given the years of life left, that they may recover 

as fully as possible. 

 

LIMITATIONS 

This manuscript uses the largest nationally cohort of injured pediatric patients to date, and as 

such provides power that a larger single-center study cannot.  It is subject to the general 

limitations inherent to any database review.  We had no way to verify correct recording of 

measurements and outcome variables. However, the large sample size available in the NTDB 

provided us with the power to examine the predictors of hypotension, including isolated head 

injury. 
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The dependent variable of hypotension was defined using a singular blood pressure 

measurement.  Defining and treating shock is based, in clinical practice, on the singular blood 

pressure measure of a child on arrival to the trauma bay.  So, in reality, our definition of shock 

after trauma is accurate with clinical practice and guidelines given by the American College of 

Surgeons.11 We acknowledge the level of error in obtaining blood pressure measurements in 

children. At the same time, we recognize that hypotension is a late clinical finding in pediatric 

shock.  Therefore using hypotension as a marker of shock may have resulted in underreporting 

the number of children actually experiencing the tissue perfusion abnormalities of shock.   

 

In addition, as our predictor variable we used discharge diagnosis ICD-9 codes to classify 

injuries as possibly hemorrhagic. This conservative or over- classification of some patients into 

the hemorrhagic injury category was made in order to confidently identify isolated head injury.  

As a result, some hypotensive children classified into the hemorrhagic injury may not have had 

injuries that lead to hemorrhagic shock , but the patient was classified as suffering from 

hemorrhagic injuries.  Despite these limitations, our results replicate findings in our prior single-

center study in which presence of hypotension and elevated blood lactate levels were used to 

define shock.  The same pattern was evident in both studies; children 0-4 years old presenting 

with shock after trauma, sustained isolated head injuries >50% of the time.14   

 

CONCLUSION 

Shock occurs after isolated head injury in young children, and isolated head injury predicts 

hypotension as much as hemorrhagic injuries in children age 0-4 years.  Further examination of 

the etiology of shock after pediatric head trauma is warranted in order to provide optimal, 

evidence-based intervention during this critical time. 
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Figure 3. Cohort inclusion criteria from 2009 NTDB data 
NTDB, National Trauma Data Bank; n, number; SBP, systolic blood pressure; ISS, injury severity score;  
GCS, Glasgow Coma Score 
  

 
2009 NTDB 

N=682,036 

Study Population 

N=69,950 

Children 0-15 years old with SBP present on arrival 

N=78,673 

Missing ISS or GCS score 

N=8723 

Age >15 years, N= 570,499 

Missing Initial SBP measurement 

N=11,162 

Missing Age, N=21,657 

Missing ICD-9 codes, N=17 

Missing sex, N=28 
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Table 1. Cohort characteristics  

Children age 0-15 years obtained from the NTDB, 2009 

 Total Study Population 
(n=69,950) 

Hypotensive 
(n=1449) 

Normotensive 
(n=68,501) 

pa 

Age, n (%) 
   0-4 years 
   5-11 years 
   12-15 years 

 
21889 (31.3) 
25742 (36.8) 
22319 (31.9) 

 
421 (29.1) 
491 (33.9) 
537 (37.1) 

 
21468 (31.3) 
25251 (36.9) 
21782 (31.8) 

 
0.0001 

Sex, n (%) 
   Male 
   Female 

 
45808 (65.5) 
24142 (34.5) 

 
899 (62.0) 
550 (38.0) 

 
44909 (65.6) 
23592 (34.4) 

 
0.005 

Race, n (%) 
   White 
   AA/Black 
   Other    
   Unknown    

 
42186 (60.3) 
10008 (14.4) 
11697 (16.7) 
5979 (8.6) 

 
828 (57.1) 
258 (17.8) 
246 (17.0) 

  117 (8.1) 

 
41358 (60.4) 
9830 (14.4) 

11451 (16.7) 
5862 (8.6) 

0.002 

SBP, mean (sd) 119.8 (19.0) 82.0 (34.9) 120.6 (17.7) <0.0001 

ISS, mean (sd) 7.9 (7.4) 15.5 (14.5) 7.8 (7.1) <0.0001 

GCS, mean (sd) 14.3 (2.5) 11.7 (5.1) 14.4 (2.4) <0.0001 

NTDB, National Trauma Data Bank; n, number; %, percent; sd, standard deviation; AA, African American; SBP, systolic blood 
pressure; ISS, injury severity score; GCS, Glasgow coma scale 
a
p value from chi-square test (age, sex, race) or t-test (SBP, ISS, GCS) 
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Table 2. Injury Pattern by Age Group and Presence of Hypotension* 

 

  

  Total 
(n=69,950) 

Normotensivea 

(n=68,501) 
Hypotensivea 

(n=1449) 

0-4 years, n (%) 
 

Isolated Head Injuryb 
Hemorrhagic Injury 
Spinal Cord Injury 
Other 

9278 (42.4) 
4825 (22.0) 
180 (0.8) 

7606 (34.8) 

9056 (42.2) 
4700 (21.9) 

174 (0.8) 
7538 (35.1) 

222 (52.7) 
125 (29.7) 

6 (1.4) 
68 (16.2) 

5-11 years, n (%) 
 

Isolated Head Injury 
Hemorrhagic Injury 
Spinal Cord Injury 
Other 

6384 (24.8) 
6189  (24.0) 

410 (1.6) 
12759 (49.6) 

6273 (24.8) 
5975 (23.7) 

397 (1.6) 
12606 (49.9) 

111 (22.6) 
214 (43.6) 
13 (2.7) 

153 (31.2) 

12-15 years, n (%) 
 

Isolated Head Injuryb 
Hemorrhagic Injury 
Spinal Cord Injury 
Other 

6236 (27.9) 
6652 (29.8) 
911 (4.1) 

8520 (38.2) 

6124 (28.1) 
6352 (29.2) 

896 (4.1) 
8410 (38.6) 

112 (20.9) 
300 (55.9) 
15 (2.8) 

110 (20.5) 

N, number; %, percent 
*National Trauma Data Bank, 2009 
a
p<0.0001 for test of injury pattern by age group within hypotension group by chi-square test 

b
p<0.001 for test of isolated head injury by hypotension group within age group using chi-square test 
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Table 3. Predictors of Hypotension in Pediatric Trauma Stratified by Age Group* 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

 0-4 Years 
(N=21,889) 

5-11 Years 
(N=25,742) 

12-15 Years 
(N=22,319) 

Injury Type 
  Isolated Head Injury 
  Hemorrhagic Injury 
  Spinal Cord Injury 
  Other 

 
 1.79 (1.34-2.37)** 
1.67 (1.21-2.30) 
1.73 (0.72-4.16) 

1.00 

 
0.98 (0.76-1.26) 
1.47 (1.16-1.88) 
1.87 (1.03-3.38) 

1.00 

 
0.93 (0.70-1.22) 
1.72 (1.34-2.22) 
0.85 (0.49-1.49) 

1.00 

Race 
   AA/Black 
   Other 
   Unknown 
   White 

 
0.97 (0.74-1.27) 
0.87 (0.67-1.13) 
0.75 (0.51-1.08) 

1.00 

 
1.37 (1.06-1.77) 

1.12 (0.87-1.44) 

1.21 (0.89-1.66) 
1.00 

 
1.51 (1.19-1.90) 

1.14 (0.86-1.46) 
1.04 (0.72-1.50) 

1.00 

Sex 
   Female 
   Male 

 
1.01(0.83-1.23) 

1.00 

 
1.24 (1.03-1.49) 

1.00 

 
1.30 (1.08-1.57) 

1.00 

ISS 1.02 (1.01-1.04) 1.04 (1.03-1.05) 1.04 (1.03-1.05) 

GCS 0.88 (0.86-0.90) 0.88 (0.86-0.91) 0.90 (0.88-0.92) 

AA, African American, ISS, injury severity score; GCS, Glasgow Coma Score  
*National Trauma Data Bank, 2009 
**Results listed as OR (95% CI),  Injury Type from multiple logistic regression adjusted for all variables listed 
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CHAPTER 3: ADDITIONAL ANALYSES 

While investigating our primary specific aims, several areas for further exploratory analysis were 

identified. With this chapter it is our goal to test the predictive value of including head injury into 

the logistic regression models for hypotension in each age group, explore the specific type of 

head injury predicting hypotension in the youngest age group, to examine whether sex interacts 

significantly with injury type/head injury in predicting hypotension in all age groups, and to 

question whether head injury severity differs by injury type and age group. 

Sensitivity Analysis of using Head Injury to Predict Hypotension 

After finding that head injury predicts hypotension in the youngest age group we sought to 

assess the goodness of fit of including head injury in our logistic regression prediction models.  

In assessing the predictive value of our models we assessed the area under the receiver 

operating characteristic curve (AUC) and the likelihood ratios of logistic regression models that 

included head injury, and did not include head injury, by age group.  

Table 4. Including Head Injury in Hypotension Prediction Models; Goodness of Fit by Age 

 -2 log likelihood pa 

AUC 

 Model 1* Model 2  Model 1 Model 2 

0-4 years 3880.5 3863.3 <0.0001 0.668 0.688 

5-11 years 4425.9 4425.9 1.00 0.667 0.667 

12-15 years 4552.2 4551.9 0.58 0.737 0.738 

*Model 1 is without head injury, Model 2 is including head injury 
AUC; Area under receiving operating characteristic curve 
a
 from likelihood ratio test 
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We found that including head injury into the model  to predict hypotension significantly 

increased the predictive value in the 0-4 year age group only, and did not increase the 

predictive value in the 5-11 year olds or the 12-15 year old children. (Table 4) 

Subanalysis of Head Injury Type Predicting Hypotension 

We found in our primary analysis that isolated head injury was a significant predictor of 

hypotension in children age 0-4 years after adjusting for race, sex, ISS score, and GCS scores.  

Further research is needed to identify how head injury could lead to hypotension and shock, but 

several theories can be identified.  It is possible that head injury induces a neurogenic 

dysregulation of vascular tone or cardiac output, perhaps by way of the autonomic nervous 

system, to lower blood pressure in young children.  Or, while is widely accepted that a patient 

cannot lose enough blood within the confined space of the skull to cause hemorrhagic injury and 

subsequent hypovolemia, it could be plausible that because young children have a large head 

to body ratio they could lose enough blood intracranially to suffer hypovolemic shock, from, in 

essence, a hemorrhagic injury.  To explore the possibility of isolated head injury being a form of 

hemorrhagic injury in the youngest children, we further divided the ICD-9 codes for head injury 

into subtypes (Appendix A) including head injury NOS, cerebral injury/hemorrhage, and 

open/closed skull fractures.  We hypothesized that if hemorrhagic injury was masquerading as 

head injury in young children then we would find signficant differences in predicting hypotension 

between the subtypes of cerebral injury/hemorrhage and open/closed skull fractures.   

We found that all subtypes of head injury, including both cerebral Injury/hemorrhage and 

open/closed skull fractures in isolation significantly predict hypotension in children 0-4 years 

old.(Table 5)  No significant differences in OR were found for the three head injury sub-types 

when compared to each other using linear contrasts (all p>0.05; overall p=0.08).  These results 
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indicate that it is not simply intracranial blood loss causing the hypotension in young children 

with brain injury. 

 
Table 5. Predictors of Hypotension by Injury Type in Children Age 0-4 years old.* 

 

Head Injury and Sex Interactions 

In recent literature regarding head trauma it has been reported that female sex in animals and 

adults with head injury predicts better outcomes after head injury, possible secondary to 

progesterone.35-37  Ley et al used the NTDB to show mortality after moderate to severe 

traumatic brain injury was significantly reduced in females after puberty (in comparison to 

males), an effect not seen before puberty.38  We sought to further investigate any interaction 

between head injury and sex in predicting hypotension by age group.  Our initial hypothesis was 

that if progesterone was protective in preventing hypotension after head injury, we might see 

significant interaction between head injury and sex predicting hypotension in the older age 

groups (or after puberty).  We constructed a logistic regression model to predict hypotension 

including an interaction term between injury type and sex and examined this by age group.  Our 

findings indicate a non-signficant interaction between sex and injury type in the 0-4 year old and 

 n OR (95% CI) 

Injury Type** 
  Head Injury NOS 
  Cerebral Injury/Hemorrhage 
  Open/Closed Skull Fracture 
  Combined Open/Closed Skull Fracture &  Cerebral Injury/Hemorrhage 
  Hemorrhagic Injury 
  Spinal Cord Injury 
  Other 

 
445 
4060 
3898 
875 
4825 
180 
7606 

 
2.78 (1.45-5.31) 
1.47 (1.06-2.06) 
1.92 (1.39-2.66) 
2.20 (1.41-3.45) 
1.65 (1.19-2.28) 
1.71 (0.71-4.10) 
1.00 
 

 n, number; NOS, not otherwise specified 
* National Trauma Data Bank, 2009 
**Injury Type from logistic regression adjusted for race, sex, ISS, GCS 
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5-11 year old age group, but a significant interaction between injury type and sex in the oldest 

age group of 12-15 years (p=0.02).   

 Males aged 12-15 years were found to have a prevalance of isolated head injury of 27.5% in 

total, but only 17.7% in those hypotensive.  Females were found to have a similar prevalance of 

isolated head injury in total of 29.1%, but a remarkable 27.4% in those hypotensive (Table 6) 

Table 6. Injury Patterns by Sex and Presence of Hypotension in Children 12-15 years  

 

On further examination of the logistic regression models stratified by sex and restricted to brain 

and hemorrhagic injury types only in 12-15 y olds (N=12,888), we found that head injury was 

just as likely as hemorrhagic injury to lead to hypotension in females, a phenomenon not found 

in males.  We compared patients in the older age group with isolated head injury versus 

hemorrhagic injury as the reference group. The OR (0.43, 95%CI 0.32-0.58) was significant for 

isolated head injury presenting with less hypotension as compared to hemorrhagic injury in 

males, but not in females (OR 0.85, 95%CI 0.57-1.27).(Table 7) This was an unexpected finding 

and we can conclude that despite the fact that current literature supports improved mortality for 

females after head injury, males appear to be initially protected from hypotension after head 

  Total 
(N=22,319) 

Normotensivea 

(N=21,782) 
Hypotensive 

(N=537) 

Males, n (%) 
 

Isolated Head Injuryb 
Hemorrhagic Injury 
Spinal Cord Injury 
Other 

4547 (27.5) 
4906 (29.7) 
572 (3.5) 

6483 (39.3) 

4483 (27.8) 
4694 (29.1) 
562 (3.5) 

6407 (39.7) 

64 (17.7) 
212 (58.6) 
10 (2.8) 

76 (21.0) 

Females, n (%) 
 

Isolated Head Injury 

Hemorrhagic Injury 
Spinal Cord Injury 
Other 

1689 (29.1) 
1746 (30.1) 
339 (5.8) 

2037 (35.1) 

1641 (29.1) 
1658 (29.4) 
334 (5.9) 

2003 (35.5) 

48 (27.4) 
88 (50.3) 
5 (2.9) 

34 (19.4) 

N, number; %, percent 
*National Trauma Data Bank, 2009 
a
p<0.0001  for test of injury pattern by sex  within normotensive by chi-square test 

b
p<0.001 for test of isolated head injury by hypotension status for males  using chi-square test 
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injury.  In contrast, females appear just as likely to suffer hypotension after isolated head injury 

as after hemorrhagic injury.  

 

 

Table 7. Head Injury vs. Hemorrhagic Injury Predicting Hypotension in Children 12-15 
years old by Sex* 

 

 

 

 

 

 

 

 

 
Head Injury Severity by Injury Type and Age Group 
 
 
In our initial classification of injury type we conservatively classified any injury capable of 

producing hemorrhage into the hemorrhagic injury type.  Only children with head injury, and 

without possible other injury known to cause shock (hemorrhagic injury and spinal cord injury), 

were classified into isolated head injury type.  Consequently, there remained a sub-group of 

children within hemorrhagic injury type who incurred both hemorrhagic injury and head injury.  

We questioned whether the phenomenon of head injury causing shock was not noted in the 

 Male 
(N=9453) 

Female 
(N=3435) 

Injury Type 
  Isolated Head Injury 
  Hemorrhagic Injury 
 

 
 0.43 (0.32-0.58)** 

1.0 

 
0.85 (0.57-1.27) 

1.0 

Race 
   AA/Black 
   Other 
   Unknown 
   White 

 

1.89 (1.38-2.59) 

1.25 (0.88-1.78) 
0.99 (0.57-1.72) 

1.00 

 

0.92 (0.52-1.63)   

1.01 (0.62-1.65) 

1.43 (0.77-2.66)     

1.00 

ISS 1.04 (1.03-1.05) 1.04 (1.03-1.06) 

GCS 0.89 (0.86-0.92) 0.93 (0.89-0.97) 

AA, African American, ISS, injury severity score; GCS, Glasgow Coma Score  
*National Trauma Data Bank, 2009 
**Results listed as OR (95% CI),  Injury Type from multiple logistic regression adjusted for all 
variables listed 
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older age groups because severe head injury was not occuring in isolation, but instead was 

occuring in combination with other injuries causing a hemorrhage injury type classification.  Is 

the head injury severity different by injury type, isolated head injury versus combined 

hemorrhagic and head injury, within the age groups?   

 

To answer this question we designated an additional category of injury type as “combined 

head/hemorrhagic injury”.  We also included head AIS (Abbreviated Injury Scale) scores in our 

data set as an additional marker of head injury severity along with GCS score.  The AIS score is 

an injury severity scoring system by body region that ranges from 1 (minor) to 6 (maximum).  

AIS scores are used to calculate the total ISS score.30  Each head injury ICD-9 diagnosis code 

was assigned an AIS score in the database. We used the maximum severity head AIS score 

assigned as a way to capture head injury severity for each child. 

 

We used a general linear model to examine if there was an age group interaction with injury 

type, using isolated head injury and combined hemorrhagic/head injury types in predicting 

maximum AIS head score.  We found no interaction between age group and injury type (p=0.57) 

while controlling for GCS, sex, and race  Head injury does differ by age group, with the younger 

children presenting with more severe head injury. (Table 8) 

Table 8. Head Injury Severity in Hypotensive Children by Injury Type and Age Group* 
 

 

 

 
 
 
 
 
 
 
 

 Age Group (n)a,b Mean Head AIS 

Isolated Head Injurya,c 

 

0-4 years (222) 
5-11 years (111) 
12-15 years (112) 

3.63 
3.27 
3.39 

Combined Hemorrhagic/Head Injury 

 

0-4 years (65) 
5-11 years (94) 
12-15 years (117) 

3.55 
3.37 
3.38 

 

*National Trauma Databank, 2009 
AIS, Abbreviated Injury Scale; n, number 
a
 Not significant interaction between injury type and age group, p=0.57 

b
 Significant difference between age groups, p=0.01 

c
No significant difference between injury types, p=0.98 
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From these results we can conclude that younger children do have more severe head injury 

after controlling for GCS, but there is no phenomenon of head injury severity being 

disproportionately different by injury type (isolated head injury vs. combined hemorrhagic and 

head injury) within age groups. 

 

Next, we used a logistic regression model to determine if injury type (isolated head injury or 

combined hemorrhagic/head injury) predicted hypotension differently by age group while 

controlling for maximum head AIS score, sex, race, and GCS scores. (Table 9) We found that in 

older children, isolated head injury continued to show protection from hypotension as compared 

to combined hemorrhagic/head injury, even when head AIS and GCS scores were included to 

adjust for head injury severity.  In contrast, in the younger age group isolated head injury 

continued to predict hypotension as much as combined hemorrhagic/ head injury type (OR 0.77, 

0.56-1.07).  These results are consistent with our initial results of isolated head injury predicting 

hypotension in younger children and not in older children. 

 
Table 9.  Injury Type predicting Hypotension by Age Group* 

 
 
Future Directions 

Because our primary analysis shows that head injury is predicting hypotension and shock in 

young patients, future directions need to be aimed at identifying the etiology of the hypotension.  

We can  investigate if there are abnormalities in the components of blood pressure (cardiac 

 0-4 Years 
N=10510 

5-11 Years 
N=7925 

12-15 Years 
N=8328 

Injury Type 
Isolated Head Injury 
Combined Hemorrhagic/Head Injury 
 

0.77 (0.56-1.07)** 
1.00 

0.55 (0.39-0.77) 
1.00 

0.56 (0.42-0.76) 
1.00 

AIS, Abbreviated Injury Scale; N, number 
*National Trauma Data Bank, 2009 
**Results listed as OR (95% CI),  Injury Type from multiple logistic regression adjusted for GCS, Head AIS, race, sex 
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output or systemic vascular resistance) after head injury.  Further knowledge of what is occuring 

at a physiologic level will lead to identification of possible therapy and intervention to best treat 

the hypotension and shock presenting after head injury.  For example, if head injury in young 

patients is found to cause decreased systemic resistance by way of vasodilation of the 

vasculature, future clinical trials may include pharmacologic interventions to restore and 

maintain vascular tone during the initial phase of resuscitation in the emergency department. 
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Appendix 1. Injury Classification by ICD-9 code 

Injury Type Subcategory ICD-9 Codes 

Head Injury Open/Closed Skull Fracture  800.00-801.99, 803.00-804.99 
 Cerebral Injury/Hemorrhage 850.0-854.19 
 Head Injury NOS 959.01 
Hemorrhagic Injury Injury Thorax 860.0-862.9 
 Injury Trunk/ Chest NOS 959.1, 959.11, 959.19 
 Liver/Spleen/Kidney 864.00-866.13, 868.04, 868.14 
 Abdominal/Pelvis Injury NOS 868.00, 868.09, 868.10, 868.19, 869.0, 869.1, 

959.12 
 Pelvis Fracture 808.0-808.9 
 Femur Fracture 820.0-821.39 
 Vessel Injury 900.00-904.9 
 Crush Injury 925.0-929.9 
 Scalp Wound 873.0, 873.1 
 Amputation 887.0-887.7, 896.0- 897.7 
Spinal Cord Injury Cord Injury 806.00- 806.9, 952.00-953.3 
 Vertebral Fracture/Dislocation 805.00-805.9, 839.00-839.59 
Superficial Injury Abrasion/FB/Contusion 910.0-917.9, 919.0-919.9, 935.0-939.9, 922.0-

924.9 
 Dislocation 830.0-838.19, 839.61-839.9 
 Sprain 840.0-848.9 
 Peripheral Nerve Injury 953.4-957.9 
 Open Wounds 874.2-886.1, 890.0-895.1 
 Extremity Injury NOS 959.2-959.9 
Other Internal Injury GU Injury 867.0-867.9, 959.13-959.14 
 Adrenal/Biliary Injury 868.01-868.03, 868.11-868.13 
 Intestine/Pancreas Injury 863.0-863.99 
Facial Injury Facial Fracture 802.0-802.9 
 Ear Injury 872.00-872.9, 931 
 Eye Injury 870.0-871.9, 918.0-918.9,921.0-921.9, 930.0-

930.9 
 Cranial Nerve Injury 950.0-951.9 
 Open Wound of Face 873.20-873.9 
 Other Facial Injury NOS 920, 932, 959.0, 959.09 
Trachea/Larynx 
Injury 

 807.5, 807.6, 874.00-874.12,933.0-934.9 

Other Fracture Clavicle/ Scapula Fracture 810.00-811.9 
 Rib / Sternum Fracture 807.00-807.4 
 Humerus Fracture 812.00-812.59 
 Radius/Ulna/Wrist/Hand 

Fracture 
813.00-813.93, 814.00-817.1 

 Other Arm Fracture NOS 818.0-819.1 
 Tibia/Fibula, Ankle, Foot 

Fracture 
822.00-824.9, 825.0-826.1 

 Other Leg Fracture 827.0-828.1 
 Fracture NOS 809.0,809.1, 829.0, 829.1 
Late Complications  958.0-958.99, 995.9-999.9, 905.0-909.9 

Environment Exposure/ 
Asphyxiation/Abuse/Poisoning 

991.0-995.89, 960.0-990 

Burns  940.0-949.5 
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