Summary of Guidelines for the Acute Medical Management of Severe Traumatic Brain Injury in Infants, Children, and Adolescents 

(Pediatric Critical Care Medicine July 2003, vol. 4, no. 3 (suppl.))
www.braintrauma.org
1. Trauma Systems
a. Standards – none
b. Guidelines - patients with severe traumatic brain injury  (TBI) should be transported directly to a pediatric trauma center if available
c. Options - treatment in a pediatric trauma center or adult trauma center with added qualifications to treat children is preferable to treatment in a level I or II adult trauma center without that qualification 

2. Prehospital Airway Management

a. Standards – none

b. Guidelines

1) hypoxia must be avoided if possible; if present, an attempt should be made to correct it immediately
2) there is no evidence to support the advantage of endotracheal tube over bag-valve-mask ventilation 

c. Options - if an endotracheal tube is placed, then specialized training and use of end-tidal CO2 detectors is necessary
3. Blood Pressure and Oxygenation
a. Standards – none
b. Guidelines 
1) hypotension should be identified and corrected expediently with fluid resuscitation
1. hypotension is defined as SBP < 5th percentile for age  ± clinical symptoms of shock
2. lower limit of blood pressure = 70 mm Hg + (2 x age in years)
2) evaluation for associated extracranial injuries is indicated in the setting of hypotension
c. Options

1) blood pressure should be monitored frequently and accurately

2) airway protection is indicated for GCS ≤ 8 and/ or hypoventilation
3) therapy with 100% oxygen is indicated in the resuscitation phase

4) hypoxia should be identified and corrected rapidly
1. hypoxia is defined as paO2 < 60 mm Hg
5) use of sedation , analgesia, and neuromuscular blockade may optimize transport
6) prophylactic use of mannitol is not recommended

7) prophylactic use of mild hyperventilation is not recommended

4. ICP Monitoring

a. Standards – none

b. Guidelines – none

c. Options

1)  open fontanels/ sutures do not preclude development of increased ICP

2) serial exam and GCS are less sensitive indicators in children

3) ICP monitoring is indicated for GCS ≤ 8, or where sedation/ paralytics preclude exam

4)  ICP monitoring is not routinely indicated for mild and moderate TBI
5. Threshold for Therapy of Increased ICP

a. Standards – none

b. Guidelines - none
c. Options - therapy is indicated for ICP > 20mm Hg
6. ICP Monitoring Technology
a. Standards – none

b. Guidelines – none

c. Options - a ventricular catheter, external strain gauge transducer, or catheter tip pressure transducer may be used 

7. Cerebral Perfusion Pressure
a. Standards – none
b. Guidelines - maintain CPP > 40mm Hg

c. Options

1) 40-65 mm Hg is probably the age-related range for optimal therapy

2) hypotension should be avoided
8. Sedation and Neuromuscular Blockade

a. Standards – none

b. Guidelines – none

c. Options

1) continuous infusion propofol is not recommended
2) therapy is left to the discretion of the treating physician
9. Cerebrospinal Fluid (CSF) Drainage

a. Standards – none

b. Guidelines – none

c. Options

1) consider CSF drainage for increased ICP

2) drainage may be accomplished by ventriculostomy alone or in combination with a lumbar drain

3) consider use of a lumbar drain ONLY IF there is a functioning ventriculostomy, open cisterns, and no mass lesion/midline shift
10. Hyperosmolar Therapy
a. Standards – none
b. Guidelines – none
c. Options
1) hypertonic saline or mannitol may be effective for control of ICP 
2) choice of agent is left to the treating physician
1. 3% NaCl: 0.1 to 1 mL/kg/h to a maximum serum osmolality = 360
2. mannitol: 0.25 to 1 gm/kg to a maximum serum osmolality = 320
                                 3)   maintain euvolemia with fluid replacement
11. Hyperventilation

a. Standards – none

b. Guidelines – none

c. Options

1) mild or prophylactic hyperventilation (paCO2 < 35 mm Hg) should be avoided
2) consider paCO2 goal 30-35 mm Hg if increased ICP, refractory to multimodality therapy
3) consider paCO2 goal < 30 mm Hg only as 2nd tier option if persistently refractory

4) aggressive hyperventilation may be necessary for brief periods during neurologic deterioration
12. Barbiturate Coma

a. Standards – none

b. Guidelines – none

c. Options

1) consider high-dose barbiturates in a hemodynamically stable patient with a salvageable severe traumatic brain injury and refractory increased ICP
2) no indication for prophylactic use

3) there is no specific guideline for duration of therapy (most taper after 24h of stable ICP recordings)

4) two proposed regimens:

1. load 10 mg/kg over 30 min, then 5 mg/kg every hour x 3 doses, then 1mg/kg/h

2. load 10-20 mg/kg, then 3-5mg/kg/h

13. Temperature Control

a. Standards – none
b. Guidelines – none

c. Options

1) avoid hyperthermia (extrapolated from adult population)
2) consider hypothermia (32-34º) if refractory intracranial hypertension
14. Surgical Treatment for Intracranial Hypertension
a. Standards – none
b. Guidelines – none

c. Options

1) consider craniectomy for severe TBI with medically refractory ICP and potentially recoverable injury
2) consider craniectomy for severe TBI and medically refractory ICP in the setting of abusive trauma

3) craniectomy may be appropriate under the following conditions:

1. diffuse edema present by CT

2. within 48h of injury

3. no episodes of ICP > 40 mm Hg before surgery

4. GCS > 3 at some point prior to surgery

5. secondary clinical deterioration

6. evolving herniation syndrome

15. Corticosteroids

a. Standards – none
b. Guidelines - steroids significantly decrease endogenous cortisol production and may increase risk of complication or infection
c. Options -  not recommended for improving outcome or decreasing ICP
16. Critical pathway for the treatment of established intracranial hypertension
a. Standards – none
b. Guidelines – none
c. Options - none
17. Nutritional support
a. Standards – none

b. Guidelines - none

c. Options - replace 130-160% of resting metabolism expenditure; start within 72h and reach full support by 7 days
Summary of Management of Pediatric Cervical Spine and Spinal Cord Injuries 
(Neurosurgery March 2002, vol. 50, no. 3, S85-99.)
(S) = standard, (G) = guideline, (O) = option

1. Diagnostic Considerations
· no imaging is recommended if awake, neurologically intact, no neck tenderness, no painful distracting injury, and no intoxication (G)
· AP & lateral (plus open mouth view if age > 9 years) C-spine x-rays are recommended if altered mental status, neurologic deficit, neck pain, distracting injury, and/ or intoxication (G)
· CT scan is recommended as an adjunct to x-rays (O)
· consider flexion/ extension x-rays or fluoroscopy to rule-out ligamentous instability if suspicion of instability remains after static x-rays are completed (O)
· consider MRI to exclude cord or root compression, evaluate ligaments, and/ or provide prognostic information (O)
2. Therapeutic Considerations
· for children < 8 years of age, the use of thoracic elevation or occipital recess when restrained supine on an otherwise flat surface may allow better neutral alignment (O)
· for children < 7 years of age, closed reduction and  halo immobilization for injury to the C2 synchondrosis between body and odontoid is recommended (O)
· consider primary operative therapy for isolated ligamentous injuries (O)
· the use of steroids has not been evaluated in the setting of pediatric SCI

Goals of Therapy for Pediatric Head Injury
· maintain adequate oxygenation

· intubate for GCS ≤ 8

· intubate for PaO2 < 60 mm Hg 

1. maintain normocarbia

· range 35-40 mm Hg

· reserve hyperventilation for acute decompensation

2. maintain adequate cerebral perfusion pressure

· minimum of 40 mm Hg

· optimal range likely 40-65 mm Hg

3. monitor ICP for GCS ≤ 8 (or, by discretion of treating physician)

· intraparenchymal monitor

· ventriculostomy

· ± lumbar drain

4. maintain ICP < 20 mm Hg

· HOB at 30 º

· ± sedation

· ± CSF drainage

· ± hyperosmolar therapy (mannitol, 3% NaCl)

· ± neuromuscular blockade

· ± mild hyperventilation

· ± hypothermia

· ± barbiturates

5. consider surgical intervention when appropriate

· for mass lesions

· for medically refractory edema

6. maintain nutritional support

7. consider potential for concomitant C-spine injury

· clearance of C-spine in comatose patient
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