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Traumatic Brain injury

• A major cause of death and disability

• Traumatic brain injury (TBI) is a nondegenerative, 
noncongenital insult to the brain from an external 
mechanical force, possibly leading to permanent or 
temporary impairment of cognitive, physical, and psychosocial 
functions, with an associated diminished or altered state of 
consciousness

• 외상성 뇌 손상 (TBI)은 외부의 기계적 힘으로부터 뇌에 대한 비
퇴행성, 비선천성 손상으로 인지, 신체적, 심리 사회적 기능의
영구적 또는 일시적 손상을 초래할 수 있으며, 의식의 저하나 변
화가 동반된다.
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MONRO KELLIE DOCTRINE & ICP



Decision making for Surgical treatment

• After initial resuscitation, 

• Neurologic examination 

• CT scan



SURGICAL INDICATION

Should be evacuated 
(surgery)

Observation
(Serial CT scan)

Consideration

Acute EDH EDH > 30 cm3 EDH < 30 cm3 Anisocoric coma (GCS <9)

Acute SDH 10mm thickness
MLS 5mm 

Should ICP in GCS < 9 GCS decreased 2 more btw inj
ury and admission
Anisocoria
Dilated and fixed pupil
ICP > 20mmHg

Traumatic ICH GCS 6~8 with frontal contusi
on > 20 cm3, MLF > 5 mm an
d cisternal compression
Any lesion > 50 cm3

No evidence of neurol
ogic compromise
Controlled ICD

Posterior fossa Mass effect on CT
Neurologic deterioration



Secondary Decompression in TBI

• Secondary DC performed for late refractory ICP elevation is 
recommended to improve mortality and favorable outcomes. 

• Secondary DC performed for early refractory ICP elevation is not 
recommended to improve mortality and favorable outcomes. 

• A large frontotemporoparietal DC (not less than 12 × 15 cm or 
15 cm in diameter) is recommended over a small 
frontotemporoparietal DC for reduced mortality and improved 
neurological outcomes in patients with severe TBI.

• Secondary DC, performed as a treatment for either early or late 
refractory ICP elevation, is suggested to reduce ICP and duration 
of intensive care, though the relationship between these effects 
and favorable outcome is uncertain



MEDTHODS OF DECOMPRESSIVE CRANIECTOMY

Ji Won Moon and Dong Keun Hyun. Decompressive Craniectomy in Traumatic Brain Injury: A Review Article. Korean J Neurotrauma. 2017 Apr;13(1):1-8



EARLY vs LATE DC in TBI

Nida Fatima et al. Early versus late decompressive craniectomy in traumatic brain injury: A retrospective comparative case study. Trauma 2021, Vol. 23(2) 127–132



EARLY vs LATE DC in TBI

Nida Fatima et al. Early versus late decompressive craniectomy in traumatic brain injury: A retrospective comparative case study. Trauma 2021, Vol. 23(2) 127–132



EARLY DECOMPRESSION FOR SEVERE TBI

• Within 4 hours

• 127 cases

Jun-Hee Park et al. Outcomes of Ultra-Early Decompressive Craniectomy after Severe Traumatic Brain Injury-Treatment Outcomes. Korean J Neurotrauma 2014;10(2):112-118 after Severe TBI



CASE

Initial CT (HOD1) 1st f/u CT (HOD1) 2nd f/u CT (HOD1)
c ICP monitoring 
and ICP management

F/U CT (HOD2)

F/U CT (HOD6) Postop CT (HOD6) F/U CT (HOD9)

Barbiturate Coma
Hypothermia



INTRAOPERATIVE SCENE

Depressed cerebral cortex Swelling of Brain (Angry brain)



INTRAOPERATIVE ULTRASOUND SCAN



INTRAOPERATIVE ULTRASOUND SCAN



MONITORING



MONITORING

• ICP monitoring
• Management of severe TBI patients using information from ICP monitoring is reco

mmended to reduce in-hospital and 2-week post-injury mortality.  (Level II B)

• CPP monitoring
• Management of severe TBI patients using guidelines-based recommendations for 

CPP monitoring is recommended to decrease 2-week mortality (Level II B)

• ADVANCED monitoring
• Jugular bulb monitoring of arteriovenous oxygen content difference (AVDO2), as 

a source of information for management decisions, may be considered to reduce 
mortality and improve outcomes at 3 and 6 months post-injury. (Level III)



MULTIMODAL MONITORING

• ICP

• BRAIN TISSUE OXIGENATION 

• NIRS

• VENOUS JUGULAR OXYGENATION

• MICRODIALYSIS

• TEMPERATURE

• PUPILOMETRY

• ULTRASOUND (ONSD, TCD)





ICP MONITORING

• MOST WIDELY USED

• MOST RELIABLE

• EASY TO APPLY

• CLASSIC MONITORING

• INVASIVE

• INFECTION

• ZERO DRIFT

• SIDE (LOCATION)



ICP WAVE MORPHOLOGIC ANALYSIS

Scalzo et al. Real-Time Analysis of Intracranial Pressure Waveform Morphology. Advanced Topics in 
Neurological Disorders 2012.





CEREBRAL PERFUSION PRESSURE

• CPP = MAP - ICP

• AUTOREGULATION 

• CPP Targeted management

• Optimal CPP



CEREBRAL PERFUSION PRESSURE



CEREBRAL PERFUSION PRESSURE
- pressure reactivitiy (PRx)

Poor pressure reactivity index after 
traumatic brain injury

Good pressure reactivity after 
traumatic brain injury



CEREBRAL PERFUSION PRESSURE
Optimal CPP

Kramer et al. Continuous Assessment of “Optimal” Cerebral Perfusion Pressure in Traumatic Brain Injury: A Cohort Stud
y of Feasibility, Reliability, and Relation to Outcome. Neurocrit Care (2019) 30:51–61 



NEAR INFRARED SPECTROSCOPY

Roldán et al. Near-Infrared Spectroscopy (NIRS) in Traumatic Brain Injury (TBI). Sensors2021, 21, 1586.



NEAR INFRARED SPECTROSCOPY

Mortality prediction

Correlation with 
Other monitoring



NEAR INFRARED SPECTROSCOPY

• Non-invasive. Easy to apply

• Not represent whole brain oxygenation

• Cost, Continuous monitoring



BRAIN TISSUE OXYGENATION

• Measures the amount of
Oxygen reaching the brain
tissue
- Partial pressure of brain

Tissue Oxygenation(PbtO2) 
- Normal PbtO2 : 25~35mmHg

• Continuous, real time measurement



JUGULAR VENOUS OXYGENATION



JUGULAR VENOUS OXYGENATION

Saturation : 53~75%



INVASIVE CATHETERS in MULTIMODAL MONITORING…



SMART CATHETER FOR MULTIPMODAL MONITORING



PUPILLOMETRY

• Automated pupillometry

• Npi (Neurological Pupil index)



PUPILLOMETRY

Jahns et al. Quantitative pupillometry for the monitoring of intracranial hypertension in patients with severe traumatic 
brain injury. Critical Care (2019) 23:155



ULTRASOUND – ONSD

• OPTIC NERVE SHEATH DIAMETER

• NON INVASIVE

• Correlation with ICP

• Emergency Department 

• Orbital injury

• Reference value



NON SURGICAL 
TREATMENT



ICP and PbtO2
Tier1 Tier2 Tier3

A TIER zero management
ICU, Head elevation, Prevent fever, Analgegia/Sedations(not ICP/PbtO2 directed), AED 1weeks, CPP >
60mmHg, Hgb>7g/dL, avoid Hyponatremia, ABP monitoring, SpO2>94%

B PaCO2 35~38mmHg
CPP 60-70mmHg
Mannitol / HTS intermittent
CSF drainage(EVD)
EEG monitoring

PaCO2 32~35mmHg
Neuromuscular paralytics
MAP challenge (access autoregul
ation)
Raise CPP

PaCO2 30~32mmHg
Pentobarbital/Thiopental coma
Mild hypothermia (35~36oC)

C PaCO2 > 35mmHg
CPP 60-70mmHg (max to 70)
Increasing FiO2to 60%
EEG monitoring

PaO2 as high as 150 mmHg
Decrease ICP < 22 mmHg
Neuromuscular paralytics
CSF drainage
MAP challenge (access autoregul
ation)
Increase CPP above 70mmHg

PaCO2 45~50mmHg
PaO2 > 150mmHg
pRBC if Hgb<9g/dL

D PaCO2 > 35mmHg
CPP 60-70mmHg (max to 70)
Increasing FiO2 to 60%
EEG monitoring
CSF drainage(EVD)

PaO2 as high as 150 mmHg
Neuromuscular paralytics
MAP challenge (access autoregul
ation)
Increase CPP above 70mmHg

PaO2 > 150mmHg
pRBC if Hgb<9g/dL
Pentobarbital/Thiopental coma
Secondary Decompressive crani
ectomy

Chestnut et al. A management algorithm for adult patients with both brain oxygen and intracranial pressure monitoring: the 
Seattle International Severe Traumatic Brain Injury Consensus Conference (SIBICC) Intensive Care Med (2020) 46:919–929 



THRESHOLD

• Blood pressure
• Maintaining SBP at ≥100 mm Hg for patients 50 to 69 years old or at ≥11

0 mm Hg or above for patients 15 to 49 or over 70 years old may be consi
dered to decrease mortality and improve outcomes.  (Level III)

• ICP
• Treating ICP above 22 mm Hg is recommended because values above this 

level are associated with increased mortality. (Level II B)
• A combination of ICP values and clinical and brain CT findings may be use

d to make management decisions. (Level III)

• CPP
• The recommended target cerebral perfusion pressure (CPP) value for surviv

al and favorable outcomes is between 60 and 70 mm Hg. Whether 60 or 
70 mm Hg is the minimum optimal CPP threshold is unclear and may depe
nd upon the patient’s autoregulatory status. (Level II B)

• Avoiding aggressive attempts to maintain CPP above 70 mm Hg with fluids 
and pressors may be considered because of the risk of adult respiratory fai
lure. (Level III)



TREATMENT

• DECOMPRESSIVE CRANIECTOMY (update 2020)

• Prophylactic Hypothermia
• Early (within 2.5 hours), short-term (48 hours post-injury) 

prophylactic hypothermia is not recommended to improve outcomes 
in patients with diffuse injury (Level II B)

• Hyperosmolar therapy
• Although hyperosmolar therapy may lower intracranial pressure, 

there was insufficient evidence about effects on clinical outcomes to 
support a specific recommendation, or to support use of any specific 
hyperosmolar agent, for patients with severe traumatic brain injury 
(Level I, II, and III)



HYPEROSMOLAR THERAPY

• HYPERTONIC SALINE vs MANNITOL



HYPERTONIC SALINE

• 3~23.4% infusion via central line, within 15~30min

• Regular infusion < intermittent infusion

• Limit : serum Na <155~160 mMol/L or Serum Osmol < 320 
mOsm/L



HTS is superior to mannitol in the treatment of intracranial hypertension 
after severe TBI

Mangat et al. Hypertonic Saline is Superior to Mannitol for the Combined Effect on Intracranial Pressure and Cere
bral Perfusion Pressure Burdens in Patients With Severe Traumatic Brain Injury. Neurosurgery 86:221–230, 2020 



TREATMENT

• CSF drainage (Level III)
• An EVD system zeroed at the midbrain with continuous drainage of 

CSF may be considered to lower ICP burden more effectively than 
intermittent use. 

• Use of CSF drainage to lower ICP in patients with an initial Glasgow 
Coma Scale (GCS) <6 during the first 12 hours after injury may be c
onsidered.

• Ventilation therapy
• Prolonged prophylactic hyperventilation with partial pressure of 

carbon dioxide in arterial blood (PaCO2) of 25 mm Hg or less is not 
recommended (Level II B)



TREATMENT

• Anesthetics, Analgesics, and Sedatives (Level II B)
• Administration of barbiturates to induce burst suppression measured by 

EEG as prophylaxis against the development of intracranial hypertension is 
not recommended. 

• High-dose barbiturate administration is recommended to control elevated 
ICP refractory to maximum standard medical and surgical treatment. 
Hemodynamic stability is essential before and during barbiturate therapy. 

• Although propofol is recommended for the control of ICP, it is not 
recommended for improvement in mortality or 6-month outcomes. 
Caution is required as high-dose propofol can produce significant 
morbidity.

• Steroids (Level I)
• Early tracheostomy is recommended to reduce mechanical ventilation days 

when the overall benefit is felt to outweigh the complications associated 
with such a procedure. However, there is no evidence that early 
tracheostomy reduces mortality or the rate of nosocomial pneumonia.
(Level II A)
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