


Multiple ways: 

 

 Severity 

Mild TBI   GCS 13-15 

Moderate TBI  GCS 9-12 

Severe TBI  GCS <9 

 

 Location 

 

 Mechanism of injury – blunt, blast, penetrating 

 

 Involvement – focal or diffuse 

 

 Injury progression – primary vs. secondary 

 

 CT grading scale 



1. Diffuse axonal injury (DAI) 

 

• Acceleration/deceleration injuries 

 

• CT can be normal initially in 50-80% of cases 

 

• typically consists of several focal white-matter  

      lesions measuring 1-15 mm in white matter tracts 

      – corpus callosum, brainstem 

 

 

2. Diffuse vascular injury 
 

• Acceleration/deceleration injury 

 

• Occurs with severe DAI – may be part of same  

      spectrum 

 

• Several small haemorrhages 

 

• Unsurvivable 
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3. Cerberal oedema 

 

4. Hypoxic brain injury 

 
 grey matter structures primarily affected due to it’s high 

metabolic requirements: 

basal ganglia 

thalami 

cerebral cortex  

cerebellum 

hippocampi 

 

 Grey matter also contains most of the dendrites where  

postsynaptic glutamate receptors are located.  

 

 These sites most susceptible to the effects of glutamate  

excitotoxicity  

 

 

CT findings:       Qu 1 
       

 diffuse oedema with effacement of the CSF-containing spaces 

 decreased cortical grey matter attenuation with loss of normal grey-white differentiation 

 decreased bilateral basal ganglia attenuation 

 Reversal sign - reversal of the normal CT attenuation of grey and white matter, demonstrated within the first 
24 hours in a small number of patients  

 

 



 Contusions 

     Significant risk of cerebral oedema in first 72 hours 

 

 

 Infarctions 

 

 

 

 Intraparenchymal haemorrhage 

 

https://en.wikipedia.org/wiki/File:Brain_trauma_CT.jpg


Extra axial – outside the substance of the brain 

 

 Subdural -  damage to bridging veins 

 

 

 Epidural – torn dural vessels i.e middle meningeal  

     artery, high risk of associated skull  # 

 

 

 

 Intraventricular haemorrhage – tearing of  

     subependymal veins or extend from an  

     interparenchymal  or SAH 

 

 

 Subarachnoid haemorrhage – disruption  

     of small pial vessels 

              Qu 2. 

 

 



Frequency  

 parietal → temporal → occipital → frontal 

 

 

 Linear # most common →  depressed → base of skull # 

 

 Base of skull # - cribiform plate of ethmoid bone, spheniod 

and occipital bones, orbital plate of frontal bone, petrous and 

squamous portion of temporal bone 

 

Signs   Qu 3. 

 Haemotypanum 

 CSF rhinorrhea/otorrhea 

 Panda/Raccoon eyes 

 Battles sign 



Primary Brain Injury: 
 Determined by degree of neuronal damage or death at the time of impact 

 Major determinant of outcome 

 Irreversible - Unless surgical evacuable mass lesion 

 Includes all types of injury to the brain and parenchyma 

 

Secondary Brain Injury: 
 Cascade of molecular injury mechanisms which are initiated at the time of the initial trauma and can 

continue for hours or days 

 Mechanisms include:  

 electrolyte imbalance 

 mitochondrial dysfunction 

 inflammatory responses 

 apoptosis 

 neurotransmitter mediated excitotoxicity → free radical damage to cell membranes 

 secondary ischaemia from vasopspasm, vascular injury, focal microvascular occlusion  

 

These lead in turn to neuronal cell death as well as to cerebral edema and increased intracranial pressure 

that can further exacerbate the brain injury       

Can ↓ secondary brain injury after TBI by avoiding secondary brain insults, which would otherwise be well-

tolerated but can exacerbate neuronal injury in cells made vulnerable by the initial TBI 



Systemic Intracranial 

Hypoxia 
Hypotension 
Hypo or Hypercapnia 
Hyperthermia 
Hypo or Hyperglycaemia 
Hypo or Hypernatraemia 
Hyperosmolality 
Infection 
 

Seizure 
Delayed haematoma 
Subarachnoid haemorrhage 
Vasospasm 
Hydrocephalus 
Neuroinfection 



Marshall scale 

 

Shown to predict the risk of ↑ ICP and outcome in adults 

Lacks reproducibility in patients with multiple types of brain injury 

 

 Category Definition 

Diffuse injury I (no visible pathology) No visible intracranial pathology seen on CT scan 

Diffuse injury II Cisterns are present with midline shift of 0-5 mm and/or lesions densities 

present; no high or mixed density lesion >25 cm3 may include bone 

fragments and foreign bodies 

Diffuse injury III (swelling) Cisterns compressed or absent with midline shift 0-5 mm; no high or mixed 

density lesion >25 cm3 

Diffuse injury IV (shift) Midline shift >5 mm; no high or mixed density lesion >25 cm3 

Evacuated mass lesion V Any lesion surgically evacuated 

Non evacuated mass lesion VI High or mixed density lesion >25 cm3; not surgically evacuated 



Predictor value Score 

Basal cisterns 

Normal 0 

Compressed 1 

Absent 2 

Midline shift 

No shift or shift ≤5 mm 0 

Shift ≥5mm 1 

Epidural mass lesion 

Present 0 

Absent 1 

Intraventricular or subarachnoid blood 

Absent 0 

Present 1 

Score Total + 1 



 Normal range ≤ 15mmHg 

 

 Pulsatile 

 

 Fluctuates with respiration 

 

 ICP > 20 is raised  Qu 5 



 Cerebral vessels change diameter inversely with changing perfusion 

pressure 

 

 As CPP ↑ vessels constrict 

 As CPP ↓ vessels dilate 

 
 Flow =        Pressure 

                      Resistance 

 

 CBF =            Cerebral perfusion pressure 

                          Cerebral vascular resistance 

 

 CPP = Mean systolic art BP - ICP 



 States that the cranial compartment is 
incompressible & the volume inside the 

cranium is a fixed volume. Qu 6.  

 

 The cranium and its constituents 
(blood, CSF, and brain tissue) create a 
state of volume equilibrium, such that 

any increase in volume of one of the 
cranial constituents must be 
compensated by a decrease in 
volume of another.  

 

 For example a bleed into the brain 
which occupies space and increases 
intracranial pressure (ICP), must cause 
a displacement of some of the 
substance in the brain such as CSF or 
blood.  

 

 Can only compensate for a change in 
volume of 100-200ml 

 

 Beyond this small ↑ in intracranial 

volume lead to large increases in ICP. 

 

 



Sensitivity Specificity 

Papilloedema 12% 98.9% 

Focal neurological 
signs 

42.3% 90.2% 

CT 99.1% 78.1% 

Optic nerve sheath 
measurements 

100% 94% 



 Effacement of basal cisterns 

 

 Loss of grey-white differentiation 

 

 Loss of sulci 

 

 Midline shift 

 

 Herniation of cerebellar tonsils into the foramen magnum 

 

 Uncal herniation 

 



 

 Optic nerve surrounded by the dural sheath 

 

 Between the sheath and the white matter is a small 0,1-0,2mm 

subarachnoid space, which communicates with the subarachnoid 

space surrounding the brain.  

 

 If ICP ↑ the sheath expands and optic nerve sheath widens 

 

 

 

 Not acurate in certain conditions - sarcoidosis, graves disease, 

cataracts, gluacoma 

 Can not tell you the level of ICP only if it is raised 

 



 48 mm cut-off  

 

 the best mark with the AUC of 0.98 
(95% confidence interval [CI]0.96–
0.99 

 



 A –  

 

 B – 

 

 C –  

 

 D –  

 




