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Severe Traumatic Brain Injury (TBI)

1. Introduction

2. Pathophysiology and complications of cerebral edema

3. Monitoring
This discussion relates only to 

posttraumatic neurological problems

in severe head injured patients!



Introduction

Å Brain injury represents the main cause of death and disability in children and 

young adults

Å Annual mortality due to TBI is around 1 million

Å Severe TBI: GCS < 8 (respiratory support is mandatory) and ICP monitoring is 

recommended

GCS 13 - 159 - 123 - 8

distribution 69%10%21%

mortality 2%7%44%

68%

With shock
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Statistics 2010, Emergency Clinical  Hospital

(feb-jul) average ISS 38
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NICCU The primary focus of neurocritical care for CNS

problems is the prevention, identification, and 

treatment of secondary brain injury. 

Unique aspects of TBI management are 

driven by this:
ÅBrain oxygen delivery 

ÅCerebral perfusion 

ÅElevated intracranial pressure with herniation 

ÅExaggerated inflammatory response and risk of 

infection?
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Pathopysiology in Brain Trauma

ÅPrimary brain injury

(direct impact)

ÅSecondary brain 

injury 



Primary brain injury (direct impact)

Epidural Hematoma

Subdural Hematoma

Scalp Injuries 

Skull Fractures

Depressed Skull Fractures

Basilar Skull Fractures

Vascular Injuries

Penetrating Head Injury

Intracranial Hemorrhage
ïEpidural Hematoma

ïSubdural Hematoma

ïSubarachnoid Hemorrhage

ïIntracerebral Hemorrhage

Clinical Features TBI



Secondary Brain Injury.

Á ischemia / reperfusion 

Ácerebral edema

Á intracranial haemorrhage  

Á intracranial hypertension 

ÅFurther distructionof brain tissue

Pathophysiological events occur in minutes to days after primary injury

Essential role in increasing morbidity and mortality



Secondary Brain Injury.
Aggravating factors

Systemic

Åarterial hypotension 

Åhypoxia

Åhyper- / hypocapnia

Åhypo- / hyperglycemia

Åhyperthermia

Ådisturbances of water and 

electrolyte balance

Intracranial

Åmass lesion

Åbrain edema, hyperemia

Å ICP Ü, CPP Þ

Åvasospasms

Åepileptic seizures

Å inflammation



Secondary Brain Injury

ÅEarly arterial hypotension increases mortality significantly 
(Chestnut 1993)

ÅArterial hypotension has a negative impact on outcome 
(Fearnside 1993, Miller 1978, Pietrapoli 1992)

ÅMinimization and prevention of hypotension episodes improve 

outcome in TBI 
(Gentlemann 1992)

ÅMorbidity and mortality close correlate with ICP increase and 

hypotension 

(Marmarou, 1991)



Outcome after Secondary Insult
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Chestnut RM et al. (1993). The role of secondary brain injury in determining outcome from 
severe head injury. J Trauma 34:216-22

hypoxia: paO2 < 60 mmHg
hypotension: SAP < 90 mmHg



Secondary Brain Injury

Effect of hypoxia (PaO2 < 60 torr) or hypotension (SBP < 90 mmHg) prior 

to or during resuscitation (Traumatic Coma Data Bank) - (717 patients)                                            
Chesnutet al. J Trauma 34: 216-222, 1999

Secondary

Insults

% of

Total Patientts

Good / Mod Severe /

Vegetative

Dead

Total Cases 100 43,0 20,2 36,8

Neither 43,0 53,9 19,2 26,9

Hypoxia 22,4 50,3 21,7 28,0

Hypotension 11,4 32,9 17,1 50,0

Both 23,2 20,5 22,3 57,2



Monitoring



Standard Monitoring.
Systemic

Å invasive arterial pressure (systemic lactate), central venous 

pressure (volemic status)

Åcardiac rhythm (ST segment)

Åventilatory monitoring

Å temperature, hourly urine output

Åglycemia, plasmatic osmolarity



Systemic effects in brain trauma

ÅSympathetic hyperrreactivityhyperglycemia, hydroelectrolites

disturbances, protein catabolism, aldosteronsecretion

Å Inappropriate secretion of ADH/ inspiddiabetes, ACTH, GH, cortisol

ÅCoagulation cascade activation by brain tissue tromboplastineDIC

ÅRespiratory disturbances (superior airways obstructions, bronhoplegia, 

apnoea)

ÅCardiovascular disturbances (arrhythmia, thrombo-embolic risk, 

myocardial ischemia)



Multimodal monitoring

Åintracranial pressure

Åjugular bulb venous oxygen saturation

Åbrain tissue oxygen saturation

Ånear infrared spectroscopy

ÅEEG and evoked somato-sensorial potentials

Åtranscranial Doppler ultrasound

Åmicrodialysis



Multimodal monitoring

ÅAdvantages: 

ðcontinuous monitoring of more then one parameter can help 

overcome some of the limitations of each method alone 

ðbetter therapy guidance 

ÅDisadvantages:

ðincreases errors occurrence 

ðgreater costs in equipment, personnel and time

ðincreases the complexity of treatment 



Specific Monitoring.

ÅCT scan

ÅCerebral function assessment

ïNeurological status

ïEEG

ïevoquedpotentials

ÅBlood flow assessment

ïICP monitoring

ïtranscranial eco Doppler 

ÁCerebral metabolism assessment

ïBulbous venous jugular oxymetrie(SvjO2)



Epidural haematoma with mass effect and midline shift

CT scan



Secondary brain injury after epidural haematoma evacuation



CT scan: acute left subdural 

haematoma with left 

hemispheric edemaand 

midline shift

CT scan: frontal right 

hemorrhagiccontusion and 

right intraparenchimal

haematoma and diffuse 

brain edema

CT scan: right temporal 

fracture and right 

hemispheric edemawith 

ipsilateral ventricular 

amputation (asymmetric 

cerebral edema)



CT scan: left parietal posterior hemorrhagiccontusion ñsalt and 

pepperò type and intraparenchimalhaematoma with perilezional

edema



Cerebral function assessment

ÅNeurological status 

ÁGCS ïassessment of counciousness

ÁAbbreviated mental score (AMTS) & Mini mental state 

examination (MMSE)

ÁNerve examination ïcranial & peripheral nn

ÅEEG

Åevoquedpotentials



EEG

ÅEarly detection of seizures ïfirst 24h (high incidence of subclinical 

seizures in the ICU); otherwise, best in late diagnosis

Å Indicative for CBF, non-specific ïcontinuous and regional monitor of 

cerebral ischemia

ÅAdjunctive valuable role in interpreting focal physiologic data from 

other MMM techniques

BUTé...

ÅDoes not reflect activity in deep structures such as brain-stem

ÅVery sensitive to sedative drugs, hypothermia, metabolic 

abnormalities

ÅArtifacts from the environment (mains, ventilator, beds, intravenous 

pumps, personnel, endotracheal tube vibrations, neon lights)



Invasive MMM Monitoring

ICP CPP Brain  oxygenation CBF Brain metabolism



Vintracranial = Vbrain + VCSF + Vblood + Vmass lesion = ct

Monro-Kellie-Doctrine

Consequences of brain edema

Vol of intracranial compartment must remain constant

because of inelastance of skull

Normal State-

ICV is a balance b/n Blood, brain & CSF.

With ICSOL

ICP remains normal till compensation can occur



Volume -Pressure -Relationship

Intracranial volume-presurecurve. As 

ICP rises, equivalent changes in 

volume produce increasing pressure 

response. (P1<<<P2)

(Adapted From Jones et al)

The brains compensatory reserve is called 

ComplianceĄPressure Volume Index ( PVI)  = V/ LOG P1P2

At the Point of decompensation 

The ICP starts to increase.
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Cerebral blood flow in head trauma
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Cerebral Perfusion:  Thresholds

ml/100g/min

complete brake down of Na+/K+ pump within minutes, cell 

death
< 10 ð12

disappearance of evoked potentials, partial brake down of 

Na+/K+-pump
12 ð17

severe neurological deficit, EEG flat18 ð20

changes in consciousness and EEG pattern20 ð25

normal value50 ð55



ICP Monitoring

Indications:

ÅGCS Ò8 if CT pathological

ÅGCS > 8 if CT pathological and neurologic reassessment impossible 

Åneurologic deficit if neurologic reassessment impossible, 

independent of CT scan 

ÅSevere TBI with normal CT and associate 2 of the following:

Á> 40 years,

Áuni-/bilateral posturing 

Ásystolic arterial pressure < 90 mmHg

CPP = MAP - ICP

ICP > 20 mmHg, > 5 min = intracranial hypertension

Brain Injury Foundation, American Association of Neurological Surgeons, Joint Section on Neurotraumaand Critical Care (1996) 

Guidelines for the management of severe head injury. J Neurotrauma13:641-734  Stocker R, BernaysR, KossmannT, ImhofHG 

(2001) Monitoring and treatment of acute head injury



ICP Monitoring 
Devices

ÅParenchymal

fiberoptic, ñTipò-manometric

(intraparenchymal/subdural/intraventricular). No Drainage. Minimal 

invasive, no in vivo calibration possible (Camino, Codmann): 

ÅVentricular catheter

ñDrained CSF possibly> CSF-production => net drainage. Measuring 

of brain compliance possible

¶ Subdural Probe

No Drainage. Minimal lesions, narrow ventricle system, midline-Shift

¶ Epidural Screw



Intraventricular Catheter

Advantages: accurate measurements, CSF-drainage (therapy), in-vivo-calibration possible.

Disadvantage: invasive, risk for infections 

Stocker R, Bernays R, Kossmann T, Imhof HG (2001) Monitoring and treatment of acute head injury



Subdural Probe

Advantages: low complication rate (<1%), in vivo-calibration possible, 

low infection rate (<5%)

Disadvantages: no CSF-drainage 

Stocker R, Bernays R, Kossmann T, Imhof HG (2001) Monitoring and treatment of acute head injury


