
Severe Trauma

October 2025



• Discuss the similarities and differences in the assessment and management of 
trauma in adults and children

• Recognize patterns of injury in pediatric trauma

• Outline the priorities for the management of the critically injured child

• Review indications for imaging in pediatric trauma

• Review the approach to initial stabilization and management of:
• Hemorrhagic shock

• Severe traumatic brain injury and cervical spine injury 

• Severe thoracic and abdominal injuries

• NAI and burns

Objectives



• #1 cause of morbidity and mortality in children

• Bimodal distribution (toddler/teens)

• Blunt >>>>>>>>>> Penetrating

• Largely preventable
• MVCs

• Window falls

• Non-accidental trauma (NAT)

Epidemiology



• Pediatric victims of  severe trauma have a higher risk of injury and often a more 
severe  pattern of injury than their adult counterparts
• > 50% multi-system injuries (smaller body size + skeletal immaturity)

• Most common injuries: 
• Head and neck

• Abdomen (liver and spleen)

• Lower extremities

• Vulnerable because of their anatomy/physiology, cognitive, emotional and 
developmental characteristics. 

• Initial management and resuscitation follow ATLS principles

Background



• Determine weight as early as possible 
• age based estimates allows for preparation of drugs/equipment in advance

•   Primary survey = ATLS principles:  CABCDE or CABCDEFG sequence
•   C is Catastrophic hemorrhage 

• Pediatric challenges:
• Vascular access – early IO

• Hypoglycemia (Disability) – POC glucose

• Hypothermia (Exposure)

• F = family presence

• G = glucose (really falls under D above)

• Secondary survey

Assessment and Management





Hemorrhagic 
Shock



Hemorrhagic Shock and Resuscitation

Children are (mostly) little adults…





• Additional consideration
• Early IO if large bore IV not readily available

• At least 20G (18G if possible)

• Warm all fluids (incl. blood)

• Rapid infusion preferred (> 25 kg)
• Pull-push or multiple syringe method for 

infants

• LR/Plasmalyte vs NS*

Fluid Resuscitation in Hemorrhagic Shock



• Provincial Pediatric MTP – work in 
progress

• Ideal ratio not defined, but close to 
1:1:1 = avoid acute coagulopathy

• No consensus on trigger tool

• Future directions
• Low titer group 0 whole blood 

resuscitation

• Cryoprecipitate

• PCC

Massive Transfusion 
Protocol in Pediatrics



• Evidence
• Despite strong adult evidence 

(e.g., CRASH-2), very limited 
pediatric data

• Widely used in pediatric surgery 
and for common bleeding issues 
(e.g., epistaxis / menorrhagia)

Current Recommendation
• Consider for trauma-related 

hemorrhagic shock within 3 hours 
of injury

• Dose unclear
• BC Children’s: 30 mg/kg to 2g

TXA



Key Reference







Traumatic Brain 
Injury (TBI)



• First cause of death in pediatric victims of trauma
• Poor prognosis: GCS, NAI, thoracic injuries, hypotension, hypoxia

• Increased risk of severe TBI (GCS 3-8) in children
• Large heads, weak neck muscles = increased rotational and acceleration-deceleration

• Immature myelination = increased axonal injury

• Thin pliable skull + rich vascular supply = increased risk of skull fracture AND of intra-cranial 
hemorrhage (with or without skull fracture)

• Presents with decreased level of consciousness (not localizing signs)

Traumatic Brain Injury





Shared with permission
https://en.wikipedia.org/wiki/File:Brain_herniation_types-2.svg



• Aim = prevent secondary injury by optimizing tissue oxygenation

• “Neuro-protective measures”
• Optimize oxygen delivery

• Venous drainage: HOB 30 degrees, head midline, c-spine collar not too snug

• Cerebral perfusion: normocapnia (35-40), normoxemia

• Minimize swelling: keep Na>140

• Decrease cerebral metabolic demand
• Sedation/analgesia +/- paralysis

• Normothermia

• Seizure prophylaxis + treatment

Management of Severe TBI

CSF BRAIN BLOOD

Avoid 
Hypotension

Hypoxia



• Guided by: CPP/ICP or clinical symptoms

• Hyperosmolar therapy

• 3%NaCl bolus: 2-5ml/kg over 10-20 minutes
• 3% NaCl infusion: 0.1-1ml/kg/h (keep Na 140-160)

• Mannitol: 0.5=1g/kg

• CSF drainage / EVD

• Additional sedation/analgesia, paralysis

• Vasopressors

Management of Intracranial Hypertension

Call Neurosurgery
Time = brain cells





Management of refractory intracranial hypertension



Pediatric Cervical 
Spine Injury (PCSI)



• Pediatric C-spine Injury is rare
• 873/84,554 = 1.03%

• Age <4 less common (0.68%)

• Age-dependent patterns
• <2: 74% axial with AOD most common

• 2-7: 78% axial with AARS and AOD most common

• 8-15: 53% subaxial (body fx) + 16% SCIWORA

PSCI Epidemiology



• Rationale
• Prevent secondary injury from 

movement

• Assumption
• Spinal immobilization prevents 

motion and secondary injury
• FALSE!

Cervical Spine Immobilization



Pediatric Cervical Spine Clearance



ABC: required to halt trauma survey 
and intervene

Focal deficits: in ED only
(strength, sensation, paresthesia)

AMS: GCS 9-14

Neck pain: without prompting

Substantial injury: requiring surgery or 
admission

29 missed CSI
No surgical interventions



• Pediatric CSI is rare, with age-dependent patterns of injury

• C-collars and imaging are reasonable for children with GCS <14

• Clinical clearance for children with GCS 14-15 meeting low-risk criteria
• http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-

05-07-60737.pdf

• Young children with GCS 14-15 spontaneously moving their neck 
without life-threatening torso injuries can be clinically cleared

Pediatric C-spine Summary and Tips

http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf
http://shop.healthcarebc.ca/phsa/BCWH_2/BC%20Children's%20Hospital/C-05-07-60737.pdf


Thoracic Injuries



Thoracic Injuries
• Less than 1/10th of pediatric trauma 

related injuries

• BUT 2nd leading cause of pediatric 
trauma death (14%)

• Blunt thoracic trauma is usually 
associated with multisystem trauma 
(92%)

Common Injuries

• Pulmonary contusion, PTX, HTX

Less Common Injuries

• Rib fractures * / flail chest

• Great vessel 

• Tracheo-bronchial

• Esophageal



Imaging recommendations
• NICE (2016): consider CXR/ultrasound as 1st line imaging (<16 yo)

• RCR Paediatric Trauma Protocols (2017): primary investigation is CXR
• CT chest : penetrating chest trauma, clinical condition (HD stability, LOC), CXR findings

CT Chest

• Penetrating chest trauma

• Hemodynamic instability / unconscious

• Concerning CXR findings, clinical condition (HD stability, LOC), CXR findings

Thoracic Injuries



Pulmonary contusions
• May be delayed
• Respiratory support including NIPPV or MV

Pneumo-hemothorax

• Chest tube insertion
• Pigtail or surgical thoracostomy

• 4 x ETT size

• OR for >25% EBV OR >4ml/kg/h in hemothorax

Thoracic Injuries - Management



Abdominal 
Injuries



• 3rd cause of pediatric trauma death

• Increased risk of severe injury and 
multiple injuries 

• Common IAI
• Spleen / liver

• Kidneys

• GI tract

Red Flags

• Seatbelt sign

• Focal abdominal bruising

• Lower rib fractures

• Vertebral fractures

• Inflicted injuries

Abdominal Trauma





• Imaging
• CT: solid organ injury identification and grading

• Poor sensitivity / specificity for hollow viscous injury

• eFAST: not sensitive enough to affect decision-making, better specificity
• US: cannot grade solid organ injury

• Medical Management of IAI
• Analgesia, IVF, blood products, rest

• Surgical/IR Management 
• Hemodynamically unstable patients (despite initial resuscitation)

• Penetrating injury

• +/- Perforation to hollow viscus

Abdominal Injuries – Imaging & Management



Special 
Considerations: 
NAI & Burns



• Assess + manage using same ATLS principles (higher risk of multi-
system trauma)
• CT head (<6 months or abnormal neurologic exam) +/- c-spine imaging

• CXR

• Trauma labs + NAT labs

• +/- abdominal and extremity imaging

Inflicted Injuries



• 10% of admitted trauma < 5 yo 

• Higher risk of multiple injuries (>50%), 
severe injury and mortality

• Most common injuries: 
• Head

• Extremities

• Trunk

• Abdomen (<1yo)

Assessment & Management 

• Follow ATLS principles

• Evaluation
• CT head (<6 months or abnormal 

neurologic exam) +/- c-spine imaging

• CXR

• Trauma labs 
• abdominal CT for elevated LFTs

• CPS Consult / MoH Report

Inflicted Injuries



Burns

Classification Involvement Clinical

Superficial Epidermis Dry. Red + blanches. Painful

Partial Thickness Superficial dermis Blisters. Moist. Red + blanches. Pain

Deep dermis Blisters. Wet/waxy, mottled pink/white, 
does not blanch, no pain

Full Thickness Subcutaneous tissue
Fascia, muscle, bone

Avascular. Waxy white to charred. Dry. No 
blanching. No pain. 



Estimate BSA (partial and full thickness)
- Lund-Browder charts

- 1% BSA = child’s palm 



Evaluation Plan Initiated

A: Indications for intubation 
• signs of inhalation injury  (singed nasal hair, sooth in mouth, facial burns)

• Impending respiratory failure (hoarseness, stridor, respiratory distress, drooling)

• SA>50%

B: oxygen, arterial gas (PaO2, carboxyHgb)

C: IV/IO x2, foley catheter, initial fluid resuscitation

E: remove clothing, temperature-controlled environment

History: Enclosed space (CO/cyanide), trauma, tetanus

Initial investigations: CBC, lytes 7, gas, CK, UA, gas+/- imaging

Burn Resuscitation



• Replace losses: parkland formula, LR
• 3-4 mL x %BSA x wt (kg) = first 24 hours (1/2 in first 8 hours)

• Adjust with  urine output (see BCCH burn protocol)

• Maintenance with dextrose

• Pain control

• Wound care (consult with plastics early) + monitor closely for infections

• Management of inhalation injury: I+V with aggressive pulmonary toilet
• CO: 100% oxygen  +/- hyperbaric chamber

• Cyanide: hydroxycobalamin 

Management – Initial 24h



Burns





• Children are at higher risk of developing psychological sequelae following severe 
trauma
• Immature cognitive/emotional abilities

• Dependence on caregivers who may have also been injured

• Increased risk: mass casualty event, injury to loved-one, secondary stressors, separation from 
caregiver etc.

•  Minimize secondary stressors
• Ensure present of parents/family whenever possible

• Provide support person (child-life specialist, volunteer)

• Minimize painful/invasive procedures

• Provide age-appropriate care

Psychosocial Considerations



When on the fence, call the 
trauma team

Thank you for your attention
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