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Objectives

• Audiences of this presentation are mainly pediatric surgeon

• Trauma pediatric case evaluation in conjunction with neurosurgeon

• Detection of pediatric traumatic brain injury

…and improving the confidence to do so
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Head Injury? Which one?
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Definition

• Traumatic Brain Injury (TBI)
• Sudden, External, Physical 

assault….

• Causing damages to….

• the Brain… 
→ Neurons 
→Memory, Function, 
Intelligence etc.

• Results: Transient/Permanent 
disruption in the normal 
function of the brain by an 
external force.

Menon DK, Schwab K, Wright DW, Maas AI, Demographics, Clinical Assessment Working Group of the I, et al. Position statement: definition of 
traumatic brain injury. Arch Phys Med Rehabil. 2010;91(11):1637-40.Pediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 4/60



Epidemiology - Global

• US CDC data for pediatric TBI

• 475,000 patients per year (age 0-14 
years)
• 420,000 (90%) return home with mild 

injuries
• 37,000 (7%) hospitalized
• 2,685 (0.5%) die

• Annual death rate: 5 per 100,000 
• Death rate is higher in <4y than 5-14y age.

• Hospitalization: 
predominantly in adolescent boy 

• Abusive head trauma (age < 2 years) 
incidence: 
• 30 per 100,000 infants were hospitalized. 
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• Falling

0-14 yo

• Motor Vehicle-
related

15-18 yo
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Epidemiology – Thai

• 2004-2015

• 948 casualties with 30 deaths 
= 3.2%

• Risk factors associated with 
death:
• Base of skull fracture

• Severe Head Injury
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Epidemiology – Thai

• 2004-2015

• 948 casualties with 30 deaths 
(3.2%)

• Motorcycle accident
especially presented with severe TBI (GCS < 8)
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What is the difference between Adult and Child?
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What is the important difference in child?

• 1. Different pathophysiology 
and management

→ Specific pathological 
response

Synapses’ density
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• Pediatric cerebral white matter 
contains lesser myelination

• Lesser fatty content 

• More watery content

• Lesser shockwave transmission 
reduction

• Unmyelinated brain 
= increased susceptibility to TBI
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• Thinner, more fragile 
skull

• Lesser shock 
absorption

• More damages 
transmitted to the 
brain inside
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• 2. Children cannot 
communicate properly 
(at least, not well 
enough).
• The exact event or 

mechanism

• Crying

What is the important difference in child?
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• 3. Parental 
concern/worry

• 4. Possible Child Abuse 
Case

What is the important difference in child?
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Inflicted Child - Child Abuse Signs

• Gag marks

• Wrist binding marks

• Slap pattern on 
cheek

• Bite mark

• Cord marks on 
buttocks
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Prolonged Neglect Child
associated with repeated 
child abuse behavior

• Pallor (lack iron)
• Malnutrition (lack 

protein)
abdominal distension

• Wasted buttocks

• Eye bruise 
– Repeated / Recent trauma
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Glasgow Coma Scale in Children

• Language/Communication 
capability

= Depends on Age

James HE. Neurologic evaluation and support in the child with an
acute brain insult. Pediatr Ann. 1986;15:16-22.

แนวทางเวชปฏิบตัิส  าหรบัผูป่้วยสมองบาดเจบ็ประเทศไทย
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Type of Head Injury

• Classified according to GCS = overall brain function as same as adults

• Mild (GCS 13-15)

• Moderate (GCS 9-12)

• Severe (GCS 3-8)

• Predict Patient clinical course: survival and outcome

• Screening and treatment strategy planning
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• Check: 

• สภาพของผูป่้วยก่อนการบาดเจ็บ เช่น ความผิดปกติทางระบบ
ประสาทท่ีมีอยู่ก่อน, ปัญหา การไดย้ิน, ปัญหาการพดู รวมถึง
ภาษาและวฒันธรรมของผูป่้วย

• ผลจากการรกัษาเบือ้งตน้ เช่น การใสท่่อช่วยหายใจ, การไดร้บัยา
บางชนิด 

• มีการบาดเจ็บหรอืความผิดปกติระบบประสาทอ่ืนรว่มดว้ย เช่น 
กระดกูใบหนา้หกั, 
ภาวะ dysphasia หรอื hemiplegia และมีการบาดเจ็บ
ไขสนัหลงั

• Observe: สงัเกตการลืมตาสาระการพดู (content of 
speech) และการเคลื่อนไหวของรา่งกายซีกซา้ยและขวา 

• Stimulate: การกระตุน้ดว้ยเสียงพดู หรอืตะโกนออกค าสั่ง 
ถา้ไมต่อบสนองจงึจะกระตุน้ดว้ย ความเจ็บปวดโดยการกดท่ี
ปลายเลบ็ กลา้มเนือ้ trapezius ตรงบรเิวณหวัไหลด่า้นหลงั 
หรอื ขอบตาบน (supraorbital notch)

• Rate: ใหค้ะแนนจากการตอบสนองท่ีดีท่ีสดุดงัตารางแสดง 
Glasgow Coma Scale 
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Glasgow Coma Scale in Children

• Language/Communication 
capability

= Depends on Age

James HE. Neurologic evaluation and support in the child with an
acute brain insult. Pediatr Ann. 1986;15:16-22.

แนวทางเวชปฏิบตัิส  าหรบัผูป่้วยสมองบาดเจบ็ประเทศไทย
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Glasgow Coma Scale in Children

James HE. Neurologic evaluation and support in the child with an
acute brain insult. Pediatr Ann. 1986;15:16-22.

แนวทางเวชปฏิบตัิส  าหรบัผูป่้วยสมองบาดเจบ็ประเทศไทย

• Verbal Response

• V5 Coos / Babbles

• V4 Consolable มารดาพอปลอบใหเ้งียบหยดุรอ้งได้

• V3 Inconsolable ปลอบไมไ่ด ้รอ้งไมห่ยดุ

• V2 Moans to pain (consciousness reduced)

**Facebook: His Cherished Ones International 
MinistryPediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 24/60
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Type of Head Injury

• Classified according to GCS = overall brain function as same as adults

• Mild (GCS 13-15) → ? CT ??

• Moderate (GCS 9-12) → CT Brain

• Severe (GCS 3-8) → CT Brain

• Predict Patient clinical course: survival and outcome

• Screening and treatment strategy planning
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Type of Head Injury

• Classified according to GCS = overall brain function as same as adults

• Mild (GCS 13-15) → ? CT ??

• Moderate (GCS 9-12) → CT Brain

• Severe (GCS 3-8) → CT Brain

• Predict Patient clinical course: survival and outcome

• Screening and treatment strategy planning

Death due to Intracranial 
Hemorrhage!!
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Risk of Intracranial Hemorrhage

Intracranial 
Hemorrhage Detection

Radiation Exposure 
in Childhood
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Radiation Exposure in Childhood
Exactly, how much serious is it? – A review

• Depending on the machine 
settings, the organ being 
studied typically receives a 
radiation dose in the range 
of 15 millisieverts (mSv) (in 
an adult) to 30 mSv (in a 
neonate) for a single CT 
scan.
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• Natural Effective Radiation Dose
Not exceed 0.01 mSv / day

Pediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 29/60



Radiation Exposure in Childhood
Exactly, how much serious is it? – A review

• Depending on the machine 
settings, the organ being 
studied typically receives a 
radiation dose in the range 
of 15 millisieverts (mSv) (in 
an adult) to 30 mSv (in a 
neonate) for a single CT 
scan.

• Natural Effective Radiation Dose
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CT Radiation Risks: Greater in Children?

• In general, the doses and risks to children from CT examinations are 
not well understood.

• In a 2002 editorial, Slovis et al noted that there is an increased 
sensitivity to radiation in children compared to adults of up to 
10 times, with girls being more radiosensitive than boys. 

• Also, the lifetime radiation risks are higher for children because they 
have more expected years of life after the radiation exposure than 
adults
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Facts

• For every 1,000 children, 200-250 will eventually die of cancer 
if never exposed to medical radiation. 

• The estimated increased risk of cancer over a person's lifetime from a 
single CT scan is controversial but has been estimated to be a fraction 
of this risk (0.03- 0.05%).
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Concept for Children Radiation Exposure

• the ALARA (As Low As Reasonably Achievable) principle. 

• Researches suggested a statistically significant, increased risk of fatal 
cancer from low-dose radiation in the range of 50 to 100 mSv.

(2-3 times++ CT Brain scan)

• They reported that the estimated lifetime cancer mortality risks attributable to the radiation 
exposure from a CT examination of a one year old are 1 in 550 for a single abdominal CT, and 
one in 1500 for a head CT.

Brenner DJ, Elliston CD, Hall EJ, Berdon WE. Estimates of the cancer risks from pediatric CT radiation are not merely theoretical. Med Phys. 2001;28:2387–
2388. Pediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 34/60



National Institute for Health and Care Excellence 2014
Indications for CT Brain Screening in Pediatric TBI

• An efficient and useful way to 
identify patients who do not need 
imaging.
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Pediatric 
Emergency 
Care Applied 
Research 
Network 
(PECARN)
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Anterior Fontanelle 
Examination

• Closed at 1.5 years old

• Bulging Anterior Fontanelle

may be contributed by Intracranial Hypertension 
ddx Hematoma, brain edema

• Crying

• Hyperparathyroidism

• Hypervitamin A

• Steroid Therapy
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• Closed at 1.5 years old

• Bulging Anterior Fontanelle

may be contributed by Intracranial Hypertension ddx Hematoma, brain edema

• Crying
• Hyperparathyroidism

• Steroid Therapy
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Clinical evidence of skull 
fracture

• The incidence of skull fracture in children 
following head injury ranges from 2% to 
20%,

• Scalp hematoma area > 5 cm may indicate 
underlying skull fracture

• Isolated subgaleal hematoma is not and 
does not contribute to the risk of 
developing any intracranial hemorrhage.
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Scalp Hematoma  / Subgaleal Hemorrhage

• Indication for CT Brain; Signs that may indicate underlying skull fracture.

• Especially scalp hematoma area > 5 sq.cm 
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• Linear fracture is the most common simple type. It is 
typically in the temporal or parietal area.

• Depressed fracture is usually caused by a direct blow to 
the head and requires a neurosurgical opinion. A 
depressed skull fracture can sometimes be referred to 
as a ping-pong fracture.

• Open fracture carries a high risk of infection. 

• Basal fractures involve any of the bones of the base of 
the skull. Basal fractures are more complicated due to 
underlying structures such as cranial nerves and sinuses 
which can lead to hearing loss, facial paralysis, or 
decreased sense of smell. They also can pose a risk for 
meningitis, with the most common causative organism 
being Streptococcus pneumoniae.

• Diastatic fractures occur when there is a separation of 
the cranial sutures, most commonly with the lambdoid 
suture.

• A growing fracture describes herniation of the brain 
through the broken dura following a skull fracture 
(often diastatic). It usually presents later and grows as 
the brain herniates through the gap, as a persistent 
swelling or pulsatile mass. It is uncommon.

Ping pong 
on crying

Pediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 41/60



Signs of Base Skull Fracture

• Raccoons eye

• Postauricular ecchymosis

• CSF Rhinorrhea

• CSF Otorrhea
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Treatment of Skull Fracture

• Management of skull fractures depends on the location and type of 
fracture along with the presence (or absence) of underlying brain 
injury. 

• Most skull fractures that are simple linear fractures without 
underlying brain injury will require no intervention. 

• Observation periods or close outpatient follow-up. 

• Younger patients, and symptomatic patients, should be admitted to 
the hospital for an observation period.

• CT of the head had been performed to rule out an underlying brain 
injury

• Indications for a neurosurgical elevation of a depressed fracture 
include depression of 5 millimeters or more, dural injury, 
underlying hematoma, or gross contamination. 

• An open fracture will likely require exploration and washout with 
antibiotic coverage. Basal skull fractures are usually managed 
conservatively unless there is persistent CSF leakage. 

• A patient with a basal skull fracture should not have a nasogastric 
tube or nasal cannula. 

• There is no evidence to support the role of prophylactic antibiotics 
in preventing meningitis, although, persistent CSF leak may 
increase the risk of meningitis.→ Sx repair 

Depressed skull 
fx > 5mm → Sx

CSF rhinorrhea 
required Sx
repair CSF leak
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Projectile vomiting…Myth? 
What type of vomit should you concern?

• Only in theory

• Intracranial 
Hypertension →
stimulate overall 
sympathetic tone and 
Vagus surge to 
medulla → Vomiting 
center

• Pathological forceful 
projectile vomiting

• In Practice: 
Any vomit would be 
concerned → CT Brain
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CT Brain negative… safe?
What is the incidence of delayed ICH?

• Mild TBI GCS 14-15 with no focal findings
• Only 1% of the patients required surgical intervention

• GCS 15 + no LOC + no signs of skull fracture + no scalp hematoma 
+ low-risk mechanism
• 0.05% - 0.2% of the patients found clinically significant CT findings

• The chance is very low. “2000 คนจะมีสกัคนนงึ หมอเลยคิดวา่ไม่คุม้ท่ีจะรบัรงัสี”

• Mx: Home observation + Parent Education for 24 hours 

Kuppermann N, et al. Identification of children at very low risk of clinically-important brain injuries after head trauma: a 
prospective cohort study. Lancet. 2009;374:1160-1170.
Osmond MH, et al. CATCH: a clinical decision rule for the use of computed tomography in children with minor head injury. 
CMAJ. 2010;182:341-348.
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CT Brain Negative….. But shows symptoms
Diagnosis of “Cerebral Concussion”

• A subset of mild head injuries is classified 
as concussion, defined by a rapid onset, 
transient neurological impairment that 
resolves without intervention. It is 
thought that these symptoms are due to a 
transient disturbance in function rather 
than a true structural injury. 

• Commonly, patients experience loss of 
consciousness (LOC), disorientation, 
headaches, amnesia, emotional lability, 
and sleep disturbance. 

• By convention, concussion is not 
associated With Any Imaging Findings On 
Computed Tomography (CT), although in 
general, 5% of patients with mild TBI have 
a finding on CT such as a skull fracture or 
intracranial abnormality.

• Patients with concussion and CT findings 
are classified as having complicated mild 
TBI. 
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Beware of Second 
Impact Syndrome

• Two separated head 
injury event.

• First Diagnosis: 
Cerebral Concussion

• Rapid brain edema 
developed on top of 
recent brain injury.

• Sudden collapse and 
death (Washington 2009)
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Management on Mild TBI with CT Brain Negative

• At ER:
• PECARN for CT Brain indication
• Admit Observe even CT Brain 

negative in symptomatic case at 
least 24 h

• At Sport Stadium/Field:
• Use concussion grading system
• Duration of 

Confusion/Disorientation
• Presence of Loss of Conscious

• Return to Play period
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Parental Concern
Will this injury cause an IQ-related problem in the future?

• 23 children who suffered inflicted or noninflicted 
TBI vs 21 community group

• Ages of 4 and 71 months

• Prospective, longitudinal cohort study. 

• Their mean age at injury was 21 months

• Their mean age at assessment was 89 months.

• Severity TBI, postresuscitation GCS, No# of 
Lesions → Risk factor for lower IQ

• 48% of the TBI group had IQs below the 10th 
percentile.

• Results: Traumatic brain injury sustained early in 
life has significant and persistent consequences 
for the development of intellectual and academic 
functions and deleterious effects on academic 
performance. 
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Fatal Falls: 60-cm to 300-cm

• United States Consumer Product Safety Commission database 
for head injury associated with the use of playground 
equipment.

• 18 fall-related head injury fatalities during 1988-1999

• A 23-month-old girl, weighed 12.9 kgs

• Falling from 1.07 m height
• Unconscious after 5 mins

• Acute SDH 100 ml, no skull fracture

• Bilateral Retinal Hemorrhage

• a well-distributed impact load against a flat surface

• She died 2 days later from refractory cerebral edema 
after craniectomy
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Theory: Child has shorter 
arm-to-head ratio so 
there is no braking effect 
of the outstretched arms
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Dangerous Mechanism
Three feet tall – a door knob height

• 90 cm = 3 feet
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Indication for Decompressive Craniectomy
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Growing Skull Fracture

• Growing skull fracture, also known as posttraumatic bone absorption 
or leptomeningeal cyst

• A very rare complication of a traumatic brain injury. 

• 90% occur in children under 3 years of age.
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Take Home 
Messages
• Unique different pathophysiology of the pediatric 

brain; more susceptibility to injury and skull 
fracture.

• Always look for Child Abuse sign

• Pediatric GCS

• Assess PECARN score before Pediatric CT scan; CT 
Brain only when necessary

• Should admit+observe 24h in symptomatic mild 
TBI with CT Brain negative

• Scalp hematoma > 5 cm2 may indicate skull 
fracture (indicate for CT scan)

• Isolated subgaleal hematoma is not and does not 
contribute to the risk of developing any intracranial 
hemorrhage.

• Bulging anterior fontanelle examination

• Dangerous mechanism (จ ารูปไปซกัประวตัิ)

• Skull Fractures occur at age below 1-3 years; 
required routine follow-up; 
watching out for growing skull fracture

3 feet = 
90 cm

Pediatric Traumatic Brain Injury: Wasawat Muninthorn ,MD. (04/04/67) Slide 60/60


	Slide 1: Pediatric  Traumatic Brain Injury
	Slide 2: Objectives
	Slide 3: Head Injury? Which one?
	Slide 4: Definition
	Slide 5: Epidemiology - Global
	Slide 6
	Slide 7: Epidemiology – Thai
	Slide 8
	Slide 9: Epidemiology – Thai
	Slide 10: What is the difference between Adult and Child?
	Slide 11
	Slide 12: What is the important difference in child?
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Inflicted Child - Child Abuse Signs
	Slide 18
	Slide 19: Prolonged Neglect Child associated with repeated child abuse behavior
	Slide 20: Glasgow Coma Scale in Children
	Slide 21: Type of Head Injury
	Slide 22
	Slide 23: Glasgow Coma Scale in Children
	Slide 24: Glasgow Coma Scale in Children
	Slide 25: Type of Head Injury
	Slide 26: Type of Head Injury
	Slide 27: Risk of Intracranial Hemorrhage
	Slide 28: Radiation Exposure in Childhood Exactly, how much serious is it? – A review
	Slide 29
	Slide 30: Radiation Exposure in Childhood Exactly, how much serious is it? – A review
	Slide 31
	Slide 32: CT Radiation Risks: Greater in Children?
	Slide 33: Facts
	Slide 34: Concept for Children Radiation Exposure
	Slide 35: National Institute for Health and Care Excellence 2014 Indications for CT Brain Screening in Pediatric TBI
	Slide 36: Pediatric Emergency Care Applied Research Network (PECARN)
	Slide 37: Anterior Fontanelle Examination
	Slide 38
	Slide 39: Clinical evidence of skull fracture
	Slide 40: Scalp Hematoma  / Subgaleal Hemorrhage
	Slide 41
	Slide 42: Signs of Base Skull Fracture
	Slide 43: Treatment of Skull Fracture
	Slide 44: Projectile vomiting…Myth?  What type of vomit should you concern?
	Slide 45
	Slide 46: CT Brain negative… safe? What is the incidence of delayed ICH?
	Slide 47: CT Brain Negative….. But shows symptoms Diagnosis of “Cerebral Concussion”
	Slide 48: Beware of Second Impact Syndrome
	Slide 49: Management on Mild TBI with CT Brain Negative
	Slide 50: Parental Concern Will this injury cause an IQ-related problem in the future?
	Slide 51: Fatal Falls: 60-cm to 300-cm
	Slide 52
	Slide 53: Dangerous Mechanism Three feet tall – a door knob height
	Slide 54
	Slide 55
	Slide 56: Indication for Decompressive Craniectomy
	Slide 57
	Slide 58: Growing Skull Fracture
	Slide 59
	Slide 60: Take Home Messages



