Brain and Spinal Cord Trauma – 03-05-04

Type of Head Injury (Robbins pp 1302)
There are two main types of injury: 1) Penetrative (i.e.: missile), 2) Blunt (i.e.: acceleration / deceleration forces causing movement of brain within the skull ( Coup vs Contrecoup). As a subgroup in each type, the injury can be: 1) Open, 2) Closed. 

Distribution of Lesions (Lecture notes)
Each of the above types of head injuries can be: 1) Focal (i.e: skull injuries ( fractures, parenchymal injuries ( concussion, contusions/lacerations)  2) Diffuse. 
With each of the above types of injury and distributions, you can get 2nd complications which are: 1) haematoma (epidural, subdural), 2) Brain swelling/oedema, 3) ↑ICP ( Herniation, 4) Excitotoxicity (i.e.: too much neurotransmitters), 5) Infection, 6) Seizures/Epilepsy, 7) Ischaemia/Hypoxia/Free radicals, 8) Diffuse axonal injury (DAI). Each will be discussed in detail below.
Distributive lesions (Robbins pp 1302)

Skull fractures: Usually in a skull fracture, the kinetic energy dissipates along the suture lines. Fractures that cross suture lines are diastatic. Fractures where the bone is displaced into the cranial cavity > than thickness of skull itself is called displaced skull fracture. Patterns of injury: falls while awake ( occiput damage, falls when unconscious or syncopal ( frontal damage. 
Concussion: This is a clinical syndrome where a person experiences alteration of consciousness 2nd to a head injury. Typically there is: loss of conscious, absent reflexes and temporal respiratory arrest and amnesia of the event (persists). 

Contusions / Lacerations: These occur when there is direct parenchymal injury. Contusions are bruising of the brain as a result of transmission of kinetic energy to the brain, while lacerations are tearing of tissue. Contusions are most common in the frontal lobe, temporal lobes, and least common in the occiput region. The Coup & Contrecoup theory is explained by using a car accident as an example: The brain is within a hard structure (skull). When there is sudden deceleration (i.e.: car accident), the skull decelerates quicker than the brain, which is still affected by inertia. Consequently the brain impacts upon the inner skull (Coup injury). The sudden jerking back of the head will result in the brain to change to opposite direction and impact the inner aspect of posterior skull (Contrecoup injury). All of this occurs due to sudden flexion/extension forces exerted on the head. This can lead to further complications discussed below (i.e.: haematoma, ↑ICP etc). 
Secondary Complications from Primary Trauma (Lecture notes)
Haematoma (Robbins pp 1304, Fig 30-11): Epidural Haematoma: Frequently a complication of skull fracture. The middle meningeal artery runs within the dura. Between the dura and skull, there is a potential space (epidural space). If the line of fracture crosses the course of the middle meningeal artery ( the artery will rupture and cause haemorrhage. This blood will accumulate in the epidural space and exert pressure on the brain parenchyma. This is a surgical emergency ( drainage. Subdural Haematoma: There is a potential space between the inner aspect of the dura and outer aspect of the arachnoid ( subdural space. Veins from the cerebral hemisphere traverse this space to empty into the superior sagittal sinus. These veins are prone to tearing during coup/contrecoup injury (i.e.: venous sinuses are fixed but brain moves). Subdurals also exert pressure on brain parenchyma. The haematoma eventually resolves itself by organisation of haematoma and fibrous tissue connections with the dura ( granulation tissue formation. Subarachnoid / intracerebral lesions are discussed in “stroke lecture”.
Brain swelling / oedema (Robbins 1297): Brain surrounded by rigid structure ( little room to expand. In acute brain pathology (i.e.: vasculur, trauma, neoplasms, abscesses), there may be significant oedema 2nd to inflammation. Two mechanisms present: 1) Vasogenic (integrity of BBB disrupted ( normal vascular fluid penetrates into intercellular areas, i.e.: neoplasms, abscesses), 2) Cytotoxic (increase in intracellular fluid 2nd to cellular injury, i.e.: vascular compromise, trauma). In practice both factors are mixed in producing oedema. 
Raised ICP & Herniation (Robbins 1298, Fig 30-2): Raised ICP can occur after: trauma, haemorrhage/haematoma, neoplasm, abscesses, generalised oedema. It is defined as rise of mean CSF pressure above 200cm water with patient recumbent. If ICP rises so much ( it can produce a herniation (i.e.: Subfalcine, Transtentorial, Tonsillar ( Fig 30-2).
Excitotoxicity / Infection / Seizures: 2nd to acute injury ( there is massive release of neurotransmitters putting the CNS in a “heightened state of alert”. The neural tissue is highly excitable in such circumstances. Traumatic injury can provide avenue for infection to enter the CNS (direct inoculation). Seizures can manifest as a result of mass lesions in the brain ( producing an excitable focus (i.e.: neoplasms, abscesses) ( do a CT scan and EEG (For more information refer to Medicine_IV notes http://www.rajad.alturl.com). 
Ischaemia / Hypoxia / Free radicals: Refer to Stroke lecture on ischaemic injury (mainly 2nd to haemorrhage). 

DAI (Robbins 1304): Parenchymal injury to the brain is obviously important. What about the deep white matter tracts such as: corpus callosum, paraventricular/hippocampal areas, superior colliculi, brain stem, cerebral peduncles, deep reticular formation. These can be injured (Diffuse axonal injury + focal haemorrhage) in the absence of any trauma simply by angular acceleration (shearing forces). Pathogenesis: 2 types of injury: 1) 10 axotomy: direct mechanical damage at node of Ranvier, 2) 20 axotomy: sudden forces ( axonal swelling (maybe: ↑ permeability to Ca2+ or cytoskeletal breakage). Is there a therapeutic window? Query!
Genetic factors: Apolipoprotein E gene has 3 varients: e4, e3, e2. e4 gene = poor outcome from head trauma. 

Spinal injury (Robbins pp 1306)
The spinal cord is protected by the vertebral column. Most spinal cord injury results in displacement of the vertebral column, therefore exerting a mass effect. Above C4 = quadriplegia + respiratory compromise (paralysis of diagphragm – phrenic nerve), cervical lesion = quadriplegia, thoracic/lumbar = paraplegia. The clinical picture is mainly caused by white matter tract damage. Morphology: necrosis, haemorrhage, axonal swelling ( gliosis, 2nd Wallerian degeneration of white matter tracts above and below lesion. 
Source: http://www.rajad.alturl.com 

