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Continuing Education Activity

Traumatic brain injury (TBI) is a significant contributor to mortality and disability among
children aged 1 to 18. The condition is a disruption in the brain's normal function caused by
a mechanical impact on the head. TBI is classified as mild, moderate, or severe based on the
Glasgow Coma Scale and can have fatal consequences. Children with severe TBI are at high
risk of mortality and neurological morbidity. TBI can be conceptualized as a primary injury
occurring at the moment of impact, followed by secondary damage resulting from various
factors such as intracranial hematomas, ischemia, edema, vasospasm, and hypoxemia.
Annually, pediatric TBI leads to more than 500,000 visits to emergency departments and
approximately 60,000 hospitalizations in the United States.

The causes of pediatric TBI include sporting events, falls, and motor vehicle collisions. Males
across all pediatric age groups are more prone to TBI compared to females. Implementing
primary prevention strategies, avoiding secondary neurological injury, establishing
organized trauma systems, and promptly diagnosing and treating elevated intracranial
pressure can mitigate the adverse effects of severe TBI. Consequently, these measures lead
to decreased morbidity and mortality among children. This activity comprehensively
reviews the epidemiology, etiology, and pathophysiology of pediatric head trauma in
children. This activity also outlines the protocols for evaluating and managing this patient
population and underscores the critical role of the interprofessional healthcare

team collaborating to reduce long-term complications by stabilizing interventions.

Objectives:

¢ |dentify the diverse etiologies of pediatric head trauma, including falls, sporting events,
and motor vehicle collisions.

¢ Differentiate between the unique clinical presentations of pediatric head trauma based
on age, mechanism of injury, and severity.

e Apply evidence-based guidelines and protocols for the management of pediatric head
trauma, including the use of imaging modalities and neurosurgical interventions if
needed.

e Collaborate with specialists, including neurosurgeons, radiologists, and rehabilitation
specialists, to optimize the interprofessional care of pediatric patients with head
trauma.

Access free multiple choice questions on this topic.
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Introduction

Traumatic brain injury (TBI) is a significant contributor to mortality and disability among
children aged 1 to 18.[1] The condition is a disruption in the brain's normal function caused
by a mechanical impact on the head. TBI is typically classified as mild, moderate, or severe
based on the Glasgow Coma Scale (GCS) and can have fatal consequences. Patients with a
GCS score of 14 to 15 are categorized as having mild TBI, whereas those with a GCS score
of 9 to 13 are classified as having moderate TBI. Patients with a GCS score of 3 to 8 are
considered to have severe TBI. Children with severe TBI are at high risk of mortality and
neurological morbidity.

TBI can be conceptualized as a primary injury occurring at the moment of impact, followed
by secondary damage resulting from various factors such as intracranial hematomas,
ischemia, edema, vasospasm, and hypoxemia. Annually, pediatric TBI leads to more than
500,000 visits to emergency departments and approximately 60,000 hospitalizations in the
United States. Males across all pediatric age groups are more prone to TBI compared to
females. Implementing primary prevention strategies, avoiding secondary neurological
injury, establishing organized trauma systems, and promptly diagnosing and treating
elevated intracranial pressure (ICP) can mitigate the adverse effects of severe TBI.
Consequently, these measures lead to decreased morbidity and mortality among children.

Etiology

Underlying etiologies of pediatric TBI include sporting events, falls, and motor vehicle
collisions. Falls resulting in head trauma are more common in young children due to under-
developed ambulatory skills combined with disproportionately large heads, a shifted center
of gravity, and immature neck muscles. A less common but potentially severe etiology that
the pediatric clinician should be cognizant of is non-accidental trauma (NAT).

Epidemiology

Each year, pediatric TBI results in over 500,000 emergency department visits and

about 60,000 hospitalizations in the United States. The majority of pediatric head injuries
are minor, including scalp abrasions, with no concern for significant intracranial pathology.
On the other hand, many pediatric head injuries are significant, and trauma is the leading
cause of mortality in children aged 1 or older. In the United States, head trauma-related
deaths exceed 3,000 per year in the pediatric population. Across all pediatric age groups,
males are more likely to present with TBI than females.

Pathophysiology

The underlying pathophysiology of TBI is the excessive deformation of the brain
parenchyma and the vascular structures relative to the skull and its normal attachment
sites. Specific mechanisms of TBI are diverse and may include penetrating injuries, blast
injuries, contact injuries, and acceleration-deceleration inertial injuries, with many patients
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presenting with a combination of different mechanisms. The skull may be fractured along

the calvarium or skull base. Leptomeningeal cysts (growing skull fractures) and "ping-pong'
fractures may also be seen in the pediatric population.

Hemorrhage may occur in multiple compartments outside and within the brain, including
subarachnoid hemorrhage, subdural hematoma, epidural hematoma, contusions within the
brain parenchyma itself, and cephalohematoma (birth-related injury) where a hematoma
exists in the compartment between the periosteum and underlying calvarium. Diffuse
axonal injury (DAI) is present to some degree in the majority of patients with moderate-to-
severe TBI. DAl is typically caused by a rapid rotational or deceleration force that causes
stretching and tearing of neurons, leading to focal areas of hemorrhage that are not always
detected on the initial CT (computed tomography) scan but later identified on magnetic
resonance imaging (MRI). DAl is a subtype of TBI that can present with intractable coma
without elevated ICP.

TBI can be conceptualized as a primary injury occurring at the moment of impact, followed
by a secondary injury resulting from disrupted normal cellular function. Secondary injury
can result from inflammation, ischemia, apoptosis, and vasospasm. At the cellular level, the
biomechanical force of TBI results in unregulated ionic flux (potassium efflux, sodium, and
calcium influx), which leads to unrestricted glutamate release. Unrestricted glutamate
release subsequently triggers voltage/ligand-gated ion channels, resulting in a cortical
spreading depression-like state. Adenosine triphosphate (ATP) dependent ionic pumps are
extensively upregulated to restore cellular hemostasis, resulting in widespread depletion of
intracellular reserve and increased adenosine diphosphate (ADP). As a result, neurons
transition into impaired metabolism that can last 7 to 10 days following the initial injury
and may be associated with alterations in cerebral blood flow.

During the impaired metabolic state, the brain is vulnerable to repeat injury and
impairments in behavior and spatial learning, presenting as post-concussive symptoms. As
a result of TBI, neurons may undergo cytoskeletal damage, altered neurotransmission, and
axonal dysfunction. Early identification and management of TBI are critical in halting the
progression of the primary injury, preventing or reducing the severity of the secondary
injury, and preventing subsequent primary injuries when the brain is vulnerable.

History and Physical

The initial examination of a pediatric TBI patient should proceed stepwise to identify all
injuries and optimize cerebral perfusion by maintaining hemodynamic stabilization and
oxygenation. The initial survey should include a brief, focused neurological
examination concerning the GCS.

The pediatric GCS is similar to the adult GCS, with the main difference being the verbal
component of the scoring system. In the 0 to 23 month age group, a 5 is designated
for babbling, cooing, or smiling appropriately, 4 points if crying but consolable, 3 points for

https://www.ncbi.nlm.nih.gov/books/NBK537029/ 3/12



12/30/25, 12:49 PM Pediatric Head Trauma - StatPearls - NCBI Bookshelf

inconsolable crying, 2 points for moaning or grunting, and 1 point for no verbal response.
In the 2 to 5 age group, a 5 is designated if the child is verbalizing appropriate words and
phrases, a 4 is designated if the child is verbalizing inappropriate words, a 3 if the child is
crying or screaming, a 2 for moaning or grunting and a 1 for no verbal response. GCS in the
>5 age group is similar to that in an adult patient.

After stabilization of any airway, breathing, or circulatory deficits, a thorough head-to-toe
physical examination is performed with vigilance for occult injuries and attention to the
following warning signs:

e Inspection for cranial nerve deficits, periorbital or postauricular ecchymoses,
cerebrospinal fluid (CSF) rhinorrhea or otorrhea, or hemotympanum (signs of the base
of skull fracture).

e Fundoscopic examination for retinal hemorrhage (a potential sign of abuse in children)
and papilledema (a sign of elevated ICP).

¢ Palpation of the scalp for hematoma, crepitus, laceration, and bony deformity (markers
of skull fractures). In infants, before fontanelle closure, a complete and/or tense
anterior fontanelle can serve as a marker for elevated ICP.

e Auscultation for carotid bruits, Horner syndrome, or facial/neck hyperesthesia (markers
of carotid or vertebral dissection).

e Evaluation for spine tenderness, paresthesias, incontinence, extremity weakness,
priapism (signs of spinal cord injury)

e Extremities: Motor and sensory examination (for signs of spinal cord injury)

o Reflexes: Check for deep tendon reflexes. Evaluate plantar reflexes for upgoing toes
(Babinski sign). Clonus, Hoffman reflex, and bulbocavernosus reflex are concerns for
associated spinal cord injury

NAT should be suspected if the patient presents with classical features such as:
e Multiple injuries in multiple locations with different stages of healing
e Retinal hemorrhage
¢ Bilateral chronic subdural hematomas in a young child
¢ Significant neurologic injury with minimal signs of external trauma

Symptoms/signs of pediatric patients who have sustained a TBI and are awake to express
themselves may include headache, nausea/emesis, irritability, and diplopia, among others.
Depending on the severity of the TBI, as children age, they may face challenges in
information processing, reasoning, impulsivity, mood lability, and sleep disturbance.
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Evaluation

Serial neurological examinations facilitate the early identification of patients with elevated
ICP and the implementation of primary bedside interventions. Non-contrast CT of the head
is the imaging modality of choice for patients with TBI and an abnormal GCS. Several
clinical decision guidelines have been validated and can be applied to determine which
children with a normal or near-normal GCS can safely avoid CT. The PECARN algorithm, as
outlined below, resulted in these recommendations for obtaining head CT in the pediatric
patient after identifying children with a mild TBI (GCS score 14-15) with a low risk of
clinically significant brain injuries.

Children aged 2 or younger:

e GCS score <14 or palpable skull fracture or other signs of altered mental status: CT
head recommended.

e History of loss of consciousness for >5 seconds or severe mechanism of injury or
occipital, parietal, or temporal scalp hematoma, or "not acting normally" per the parent
or guardian: CT head versus observation based on parental preference, age 3 or less
than 3 months, worsening signs/symptoms in the emergency department,
multiple versus isolated findings, and clinician experience.

e All others: CT head is not recommended
Children aged 2 or older:

e GCS score <14 or signs of basilar skull fracture or other signs of altered mental status:
CT head recommended.

e History of loss of consciousness or severe headache or history of vomiting or history of
a severe mechanism of injury: CT versus observation (similar to above).

o All others: CT head not recommended

Although CT is valid in the initial evaluation of TBI, little evidence exists supporting routine
repeat imaging in children. MRl may be indicated when the clinical picture remains unclear
after CT imaging to identify subtle lesions or if the patient's neurologic status has not
improved multiple days into admission. Cerebral vascular imaging, such as CT angiography
(CTA) or magnetic resonance angiography (MRA) of the head, may be helpful if there is a
concern for vascular injury or underlying vascular malformation, aneurysm, etc, which may
have preceded the trauma. Ophthalmologic evaluation with fundoscopy is necessary to
look for the presence of retinal hemorrhages in cases suspected of NAT.
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Treatment / Management

Airway adjuncts are indicated in patients who cannot maintain an open airway or cannot
maintain adequate oxygen saturation with supplementary oxygen. Oxygenation parameters
should be monitored using continuous pulse oximetry. Ventilation should be monitored
with continuous capnography with an end-tidal partial pressure of carbon dioxide (PaCO,)
target of 35 to 40 mm of mercury (mm Hg). Within the first 48 hours, prophylactic
hyperventilation to a PaCO, <30 mm Hg is avoided. Placement of a definitive airway, such
as an endotracheal tube, is recommended in a patient with a GCS of less than 9 due to the
patient's inability to secure the airway. Systemic hypotension negatively impacts the
outcome in the setting of TBI. Isotonic crystalloids should be used to prevent and correct
hypotension; colloidal solutions do not tend to improve outcomes.

Post-traumatic seizures are associated with severe TBI. The prophylactic use of phenytoin
for 7 days post-injury in severe TBI patients reduces the incidence of early post-traumatic
seizures (within 7 days of injury) but not late post-traumatic seizures (>7 days following
injury). Levetiracetam may also serve as a beneficial alternative anti-epileptic medication
but is less well-studied than phenytoin.

Prolonged elevations of ICP greater than a threshold of 20 mm Hg are associated with poor
neurologic outcomes in the pediatric population. In addition to controlling elevated ICP,
maintaining a minimum cerebral perfusion pressure (CPP) of 40 mm Hg in the pediatric TBI
patient reduces mortality and improves neurologic outcomes. Like blood pressure, ICP and
CPP are age-dependent, resulting in variable threshold ranges that differ from those
recommended for adults.

Approaches to reduce elevated ICP include:
1. Elevate the head of the bed to 30°.

2. Determine that the neck is neutral and that the cervical collar is not impeding venous
outflow.

3. Appropriate analgesics and sedation: Pain and agitation can elevate ICP. Opiates and
benzodiazepines are frequently used. In refractory cases, neuromuscular blockade may
prevent maneuvers that increase ICP, such as coughing, straining, and fighting against
the ventilator.

4. Hyperventilation: Routine hyperventilation in TBI is not recommended, though, in the
setting of impending herniation, it remains one of the fastest, short-term methods to
lower ICP en route to the operating room.

5. ICP monitoring may be considered in infants and children with severe TBI who do not
have a reliable neurologic exam where elevated ICP resulting in a decline in neurologic
status is detected. Recent evidence in the adult TBI literature suggests that ICP
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monitoring is not associated with improved outcomes.

6. Osmotic agents: Hypertonic saline (3%) or mannitol are the common hyperosmolar
agents to reduce ICP. Bolus or continuous dosing of hypertonic saline may be used
with the minimum dose needed to achieve and maintain ICP <20 mm Hg. Mannitol is
less well-studied in the pediatric population but is ineffective in reducing elevated ICP
and is potentially detrimental to pediatric TBI patients.

7. Barbiturates: Patients with elevated ICP, refractory to other therapies, may benefit from
barbiturates, which are thought to decrease ICP by decreasing cerebral metabolic
demand.

8. Decompressive hemicraniectomy: As part of a surgical procedure to evacuate
hematoma or as a primary treatment of refractory ICP, decompressive
hemicraniectomy can be used to reduce medically refractory ICP via the removal of
part of the skull. The bone flap should be large and completely removed, with
extensive duraplasty.

9. Hypothermia does not improve outcomes in children and remains investigational at
this period. In contrast, hyperthermia should be avoided as it is potentially harmful to
the injured brain.

10. If not contraindicated, CSF diversion may reduce medically refractory ICP, typically via
external ventricular drain (EVD) or lumbar drain.

11. Corticosteroids: No evidence supports corticosteroids improving neurologic outcomes.
Corticosteroids are associated with increased systemic complications.

Differential Diagnosis

A thorough head-to-toe physical examination must be performed with vigilance for occult
injuries or alternative etiologies. Glutaric aciduria type 1 patients may present with
macrocephaly and bilateral extra-axial fluid collections, which may be mistaken for NAT.

Prognosis

Nearly 90% of patients are discharged home from the emergency department after a head
injury. On admission CT, approximately 1% of patients with a GCS of 14 to 15 have a
clinically significant intracranial injury. In the severe TBI population, modern mortality rates
have been reported to range between 20% and 39%. Abusive head trauma (shaken baby
syndrome) is the most common cause of death in patients sustaining NAT.

Prognosticating outcomes following TBI has long been a goal of current research. The
ability to accurately prognosticate assists treating clinicians, researchers, and patients'
families. The International Mission for Prognosis and Analysis of Clinical Trials (IMPACT)
study advances TBI prognostication and is available online.
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Complications

Complications depend on the severity of the head injury and can vary from mild cognitive
impairment to seizures, long-term neurological deficits, and death. Systemic complications
may also occur, particularly in severe TBI cohorts secondary to immobility, and may include
pneumonia, deep venous thrombosis, and pulmonary embolus, among others. If patients
cannot be successfully weaned from a ventilator, they may require temporary or long-term
airway and nutritional support via a tracheostomy and gastrostomy tube.

Deterrence and Patient Education

Parents of a child who sustains a head injury should be aware of the warning symptoms of
elevated ICP. Informed consent, including all possible complications (both short-term and
long-term), should be obtained before surgical intervention if indicated.

Enhancing Healthcare Team Outcomes

The management of pediatric head trauma is performed by an interprofessional healthcare
team that includes a combination of a pediatric neurosurgeon, emergency department
clinician, pediatrician, trauma clinician, radiologist, and others. Most children with mild head
trauma are discharged from the emergency department. However, patients discharged
after a head injury or concussion should be instructed to return to physical activities in a
step-wise approach. The initial step is a period of physical and cognitive rest, followed by
scheduled increases in activities with close monitoring for the recurrence of symptoms.
Any recurrence of symptoms indicates the need for further limitation of activities.
Recommendations for activities continue to change as new studies are published, and the
Centers for Disease Control and Prevention (CDC) is a helpful source for up-to-date
guidelines.

Review Questions

e Access free multiple choice questions on this topic.

e Click here for a simplified version.

e Comment on this article.

References

1.
Bowman SM, Bird TM, Aitken ME, Tilford JM. Trends in hospitalizations associated with
pediatric traumatic brain injuries. Pediatrics. 2008 Nov;122(5):988-93. [PubMed]

Ducrocq SC, Meyer PG, Orliaguet GA, Blanot S, Laurent-Vannier A, Renier D, Carli PA.
Epidemiology and early predictive factors of mortality and outcome in children with
traumatic severe brain injury: experience of a French pediatric trauma center. Pediatr
Crit Care Med. 2006 Sep;7(5):461-7. [PubMed]

https://www.ncbi.nlm.nih.gov/books/NBK537029/ 8/12



12/30/25, 12:49 PM

10.

11.

12.

13.

Pediatric Head Trauma - StatPearls - NCBI Bookshelf

Gelineau-Morel RN, Zinkus TP, Le Pichon JB. Pediatric Head Trauma: A Review and
Update. Pediatr Rev. 2019 Sep;40(9):468-481. [PubMed]

Osmond MH, Klassen TP, Wells GA, Correll R, Jarvis A, Joubert G, Bailey B, Chauvin-
Kimoff L, Pusic M, McConnell D, Nijssen-Jordan C, Silver N, Taylor B, Stiell IG., Pediatric
Emergency Research Canada (PERC) Head Injury Study Group. CATCH: a clinical
decision rule for the use of computed tomography in children with minor head injury.
CMAJ. 2010 Mar 09;182(4):341-8. [PMC free article] [PubMed]

Joyce T, Gossman W, Huecker MR. StatPearls [Internet]. StatPearls Publishing; Treasure
Island (FL): May 22, 2023. Pediatric Abusive Head Trauma. [PubMed]

Chen C, Peng J, Sribnick EA, Zhu M, Xiang H. Trend of Age-Adjusted Rates of Pediatric
Traumatic Brain Injury in U.S. Emergency Departments from 2006 to 2013. Int J Environ
Res Public Health. 2018 Jun 05;15(6) [PMC free article] [PubMed]

Schunk JE, Schutzman SA. Pediatric head injury. Pediatr Rev. 2012 Sep;33(9):398-410;
quiz 410-1. [PubMed]

Dewan MC, Mummareddy N, Wellons JC, Bonfield CM. Epidemiology of Global
Pediatric Traumatic Brain Injury: Qualitative Review. World Neurosurg. 2016 Jul;91:497-
509.e1. [PubMed]

Singh A, Jayaraman DK, Munakomi S. StatPearls [Internet]. StatPearls Publishing;
Treasure Island (FL): Aug 13, 2023. Leptomeningeal Cyst. [PubMed]

Minghinelli FE, Marquez YB, Pipolo DO, Recalde RJ, Mantese B, Rugilo C. "Ping-pong"
fracture: An exclusive entity of neonates and infants? A case analysis and literature
review. Surg Neurol Int. 2023;14:170. [PMC free article] [PubMed]

Raines DA, Krawiec C, Weisbrod LJ, Jain S. StatPearls [Internet]. StatPearls Publishing;
Treasure Island (FL): Jun 8, 2024. Cephalohematoma. [PubMed]

Mesfin FB, Gupta N, Hays Shapshak A, Taylor RS. StatPearls [Internet]. StatPearls
Publishing; Treasure Island (FL): Jun 12, 2023. Diffuse Axonal Injury. [PubMed]

Giza CC, Hovda DA. The new neurometabolic cascade of concussion. Neurosurgery.
2014 Oct;75 Suppl 4(0 4):S24-33. [PMC free article] [PubMed]

https://www.ncbi.nlm.nih.gov/books/NBK537029/

9/12



12/30/25, 12:49 PM

14.

15.

16.

17.

18.

19.

Pediatric Head Trauma - StatPearls - NCBI Bookshelf

Das JM, Munakomi S. StatPearls [Internet]. StatPearls Publishing; Treasure Island (FL):
Apr 10, 2023. Raccoon Sign. [PubMed]

Babl FE, Borland ML, Phillips N, Kochar A, Dalton S, McCaskill M, Cheek JA, Gilhotra Y,
Furyk J, Neutze J, Lyttle MD, Bressan S, Donath S, Molesworth C, Jachno K, Ward B,
Williams A, Baylis A, Crowe L, Oakley E, Dalziel SR., Paediatric Research in Emergency
Departments International Collaborative (PREDICT). Accuracy of PECARN, CATCH, and
CHALICE head injury decision rules in children: a prospective cohort study. Lancet.
2017 Jun 17;389(10087):2393-2402. [PubMed]

Kuppermann N, Holmes JF, Dayan PS, Hoyle JD, Atabaki SM, Holubkov R, Nadel FM,
Monroe D, Stanley RM, Borgialli DA, Badawy MK, Schunk JE, Quayle KS, Mahajan P,
Lichenstein R, Lillis KA, Tunik MG, Jacobs ES, Callahan JM, Gorelick MH, Glass TF, Lee
LK, Bachman MC, Cooper A, Powell EC, Gerardi MJ, Melville KA, Muizelaar JP, Wisner
DH, Zuspan SJ, Dean JM, Wootton-Gorges SL., Pediatric Emergency Care Applied
Research Network (PECARN). Identification of children at very low risk of clinically-
important brain injuries after head trauma: a prospective cohort study. Lancet. 2009
Oct 03;374(9696):1160-70. [PubMed]

Natale JE, Joseph JG, Rogers AJ, Mahajan P, Cooper A, Wisner DH, Miskin ML, Hoyle JD,
Atabaki SM, Dayan PS, Holmes JF, Kuppermann N., PECARN (Pediatric Emergency Care
Applied Research Network). Cranial computed tomography use among children with
minor blunt head trauma: association with race/ethnicity. Arch Pediatr Adolesc Med.
2012 Aug;166(8):732-7. [PubMed]

Curry R, Hollingworth W, Ellenbogen RG, Vavilala MS. Incidence of hypo- and
hypercarbia in severe traumatic brain injury before and after 2003 pediatric guidelines.
Pediatr Crit Care Med. 2008 Mar;9(2):141-6. [PubMed]

Kochanek PM, Carney N, Adelson PD, Ashwal S, Bell MJ, Bratton S, Carson S, Chesnut
RM, Ghajar J, Goldstein B, Grant GA, Kissoon N, Peterson K, Selden NR, Tasker RC, Tong
KA, Vavilala MS, Wainwright MS, Warden CR., American Academy of Pediatrics-Section
on Neurological Surgery. American Association of Neurological Surgeons/Congress of
Neurological Surgeons. Child Neurology Society. European Society of Pediatric and
Neonatal Intensive Care. Neurocritical Care Society. Pediatric Neurocritical Care
Research Group. Society of Critical Care Medicine. Paediatric Intensive Care Society UK.
Society for Neuroscience in Anesthesiology and Critical Care. World Federation of
Pediatric Intensive and Critical Care Societies. Guidelines for the acute medical
management of severe traumatic brain injury in infants, children, and adolescents--
second edition. Pediatr Crit Care Med. 2012 Jan;13 Suppl 1:51-82. [PubMed]

https://www.ncbi.nlm.nih.gov/books/NBK537029/

10/12



12/30/25, 12:49 PM

20.

21.

22.

23.

24,

25.

26.

217.

28.

Pediatric Head Trauma - StatPearls - NCBI Bookshelf

Tanaka T, Litofsky NS. Anti-epileptic drugs in pediatric traumatic brain injury. Expert
Rev Neurother. 2016 Oct;16(10):1229-34. [PubMed]

White JR, Farukhi Z, Bull C, Christensen J, Gordon T, Paidas C, Nichols DG. Predictors of
outcome in severely head-injured children. Crit Care Med. 2001 Mar;29(3):534-40.
[PubMed]

Figaji AA, Zwane E, Kogels M, Fieggen AG, Argent AC, Le Roux PD, Peter JC. The effect
of blood transfusion on brain oxygenation in children with severe traumatic brain
injury. Pediatr Crit Care Med. 2010 May;11(3):325-31. [PubMed]

Araki T, Yokota H, Morita A. Pediatric Traumatic Brain Injury: Characteristic Features,
Diagnosis, and Management. Neurol Med Chir (Tokyo). 2017 Feb 15;57(2):82-93. [PMC
free article] [PubMed]

Kukreti V, Mohseni-Bod H, Drake J. Management of raised intracranial pressure in
children with traumatic brain injury. J Pediatr Neurosci. 2014 Sep-Dec;9(3):207-15.
[PMC free article] [PubMed]

Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, Videtta W, Petroni G, Lujan S,
Pridgeon J, Barber J, Machamer J, Chaddock K, Celix JM, Cherner M, Hendrix T., Global
Neurotrauma Research Group. A trial of intracranial-pressure monitoring in traumatic
brain injury. N Engl J Med. 2012 Dec 27;367(26):2471-81. [PMC free article] [PubMed]

Das JM, Sapkota R, Shrestha B. Pediatric dural venous sinus thrombosis following
closed head injury: an easily overlooked diagnosis with devastating consequences. Ulus
Travma Acil Cerrahi Derg. 2018 Jan;24(1):74-77. [PubMed]

Adelson PD, Wisniewski SR, Beca J, Brown SD, Bell M, Muizelaar JP, Okada P, Beers SR,
Balasubramani GK, Hirtz D., Paediatric Traumatic Brain Injury Consortium. Comparison
of hypothermia and normothermia after severe traumatic brain injury in children (Cool
Kids): a phase 3, randomised controlled trial. Lancet Neurol. 2013 Jun;12(6):546-53.
[PubMed]

Jagannathan J, Okonkwo DO, Yeoh HK, Dumont AS, Saulle D, Haizlip J, Barth JT, Jane
JA, Jane JA. Long-term outcomes and prognostic factors in pediatric patients with
severe traumatic brain injury and elevated intracranial pressure. J Neurosurg Pediatr.
2008 Oct;2(4):240-9. [PubMed]

https://www.ncbi.nlm.nih.gov/books/NBK537029/

1112



12/30/25, 12:49 PM Pediatric Head Trauma - StatPearls - NCBI Bookshelf

29.
Vester ME, Bilo RA, Karst WA, Daams JG, Duijst WL, van Rijn RR. Subdural hematomas:
glutaric aciduria type 1 or abusive head trauma? A systematic review. Forensic Sci Med
Pathol. 2015 Sep;11(3):405-15. [PMC free article] [PubMed]

30.
Marmarou A, Lu J, Butcher I, McHugh GS, Mushkudiani NA, Murray GD, Steyerberg EW,
Maas Al. IMPACT database of traumatic brain injury: design and description. J
Neurotrauma. 2007 Feb;24(2):239-50. [PubMed]

31.
Paul AR, Adamo MA. Non-accidental trauma in pediatric patients: a review of

epidemiology, pathophysiology, diagnosis and treatment. Trans| Pediatr. 2014
Jul;3(3):195-207. [PMC free article] [PubMed]

32.
Murray GD, Butcher |, McHugh GS, Lu J, Mushkudiani NA, Maas Al, Marmarou A,
Steyerberg EW. Multivariable prognostic analysis in traumatic brain injury: results from
the IMPACT study. J Neurotrauma. 2007 Feb;24(2):329-37. [PubMed]

33.
Choe MC, Gregory AJ, Haegerich TM. What Pediatricians Need to Know About the CDC
Guideline on the Diagnosis and Management of mTBI. Front Pediatr. 2018;6:249. [PMC
free article] [PubMed]
Disclosure: Micelle Haydel declares no relevant financial relationships with ineligible companies.

Disclosure: Luke Weisbrod declares no relevant financial relationships with ineligible companies.

Disclosure: Wajeeha Saeed declares no relevant financial relationships with ineligible companies.

https://www.ncbi.nlm.nih.gov/books/NBK537029/ 12/12



