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Objectives

 Define traumatic brain injury (TBI)
 Review key anatomy & pathophysiology
 Classify TBIs
 Identify pathology of cerebral herniation
 Identify different cerebral monitoring devices
 Relate cerebral monitoring devices to TQIP 
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Traumatic Brain Injury

“Traumatic brain injury (TBI) occurs when a 
sudden trauma, often a blow or jolt to the head, 
causes damage to the brain.”
- Brain Trauma Foundation

https://www.braintrauma.org/tbi-faqs/



TBI Facts

52,000 
deaths

275,000 
hospitalizations 

1,365,000 ED visits

?? Other/no care 
(mild, military, etc)

CDC, 2011

1.7 million TBI/yearAnnual cost of
$76 billion



NEUROANATOMY



Frontal 

Parietal

Temporal 
Occipital

Personality, 
planning 
judgment, 
conceptualization

Language 
mechanisms, 
general sensory 
function

Visual processing

Sensory processing, 
visual 
interpretation, 
language and 
mathematics 
processing

Sensory 
coordination, 
posture, balance, 
speech 
coordination

Cerebellum



Middle meningeal artery
OR



PATHOLOGY



Trauma As A Disease

 Host
– Patient

 Vector
– Mechanism

 Pathogen
– Energy
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Kinetic Energy

 Energy cannot be created or destroyed, only 
changed
 So, where did the energy (force) go?

KE = ½ mass(velocity2)
OR

Force = ½ weight(speed2)



Mechanical Energy Transfer
50 mph 50 mph2=

2,500 units KE

70 mph
70 mph2=
4,900 units KE

A 40% increase in speed produces an almost 100% increase in force.



CLASSIFICATION



Mechanism

 Blunt
– High or low velocity
– Acceleration-deceleration
– Rotation

 Penetrating
– High velocity (gun)
– Low velocity (knife)

McQuillan, K. A., Makic, M. B. F., & Whalen, E. (2009). Trauma nursing : 
from resuscitation through rehabilitation. St. Louis, Mo.: Saunders/Elsevier.



Severity

 Mild
– GCS ≤ 14

• Mild Concussion

 Moderate
– GCS 9-13

 Severe
– GCS ≤ 8

• Coma American College of Surgeons. (2008). Advanced trauma life support for doctors, ATLS : 
student course manual. Chicago, Ill: American College of Surgeons.



Primary Brain Injuries

 Contusion
– “Bruising” that occurs as a result of mechanical 

force to the head

 Diffuse axonal injury (DAI)
– Mild to severe injuries which occur when the 

white matter has been torn or sheared.
• Evolves over time
• Initial CT head may not demonstrate DAI

Baird, M. S., Keen, J. H., & Swearingen, P. L. (2005). Manual of critical care nursing : 
nursing interventions and collaborative management. St. Louis, Mo.: Elsevier Mosby.



Primary Brain Injuries

 Concussion
– Neuroexcitatory injury, sometimes associated with 

DAI
• Mild (no LOC, some confusion)
• Moderate (brief LOC, transient focal deficits)
• Severe (prolonged LOC or focal deficits)

Baird, M. S., Keen, J. H., & Swearingen, P. L. (2005). Manual of critical care nursing : 
nursing interventions and collaborative management. St. Louis, Mo.: Elsevier Mosby.



“Bleeds”

 Epidural hematoma
– Common cause: linear temporal bone fracture → 

middle meningeal artery laceration
– Develops rapidly

 Subdural hematoma
– Bleeding from veins between the dura and 

arachnoid space
– Acute, subacute, or chronic

Baird, M. S., Keen, J. H., & Swearingen, P. L. (2005). Manual of critical care nursing : 
nursing interventions and collaborative management. St. Louis, Mo.: Elsevier Mosby.



“Bleeds”

 Subarachnoid hemorrhage
– Bleeding in the subarachnoid space seen over the 

convexities or in the basal cisterns

 Intracranial hematoma
– Blood collection from damage to the small arteries 

and veins within the subcortical white matter

Baird, M. S., Keen, J. H., & Swearingen, P. L. (2005). Manual of critical care nursing : 
nursing interventions and collaborative management. St. Louis, Mo.: Elsevier Mosby.



Epidural Hematoma



Subdural Hematoma
 

 



Subarachnoid Hemorrhage



Intracranial Hemorrhage



IMPLICATIONS



Monro-Kellie Doctrine

American College of Surgeons. (2008). Advanced trauma life support for doctors, ATLS : 
student course manual. Chicago, Ill: American College of Surgeons.



Herniation Syndromes

http://www.neuroicu.info/intracranialcomponentvolume.htm



Herniating Syndromes

1. Uncal
2. Central
3. Cingulate (subfalcine)
4. Transcalvarial
5. Upward transtentorial
6. Tonsillar

http://en.wikipedia.org/wiki/Brain_herniation



MONITORING DEVICES



Intracranial Devices

EVD
Licox

Bolt/Camino



Intraventricular Drain/Catheter

 Also called a ventriculostomy, ventric, or 
extraventricular drain (EVD)
 Used to intermittently monitor ICP and drain 

CSF



Intraventricular Drain/Catheter

 Typically placed in the lateral ventricles in 
patients who have, or are at risk for, 
hydrocephalus
 Diagnostic and therapeutic



Intraparenchymal Pressure Monitor

 Also called a bolt or Camino
 Used to continuously monitor ICP
 Typically placed in the intraparenchymal space 

of patients that have sustained a TBI
 Diagnostic, not therapeutic



Intraparenchymal Oxygen Monitor

 Also called a Licox
 Uses one entry into cranium for pressure, 

oxygenation, and temperature monitors



Intraparenchymal Oxygen Monitor

 Oxygenation is reported as PbtO2
– Partial pressure of oxygen at the tissue site

 Use as a surrogate for global cerebral 
oxygenation
 Oximetry is limited to catheter site
 Diagnostic, not therapeutic



Extracranial Device

Schell RM, Cole DJ. Cerebral Monitoring: Jugular Venous Oximetry: 
Anesthesia & Analgesia. 2000;90(3):559-566. doi:10.1097/00000539-200003000-00012.



Jugular Venous Bulb Oximetry

 Catheter placed in the internal jugular vein, 
directed upwards, terminating in the jugular 
venous bulb
 Blood samples checked for mixed venous 

oxygen saturation (SjO2)
 Diagnostic, not therapeutic



Jugular Venous Bulb Catheter

 Normal range: 50-75%
 Abnormally low (< 50%), without ↓ in SaO2 

– Imbalance between consumption/delivery

 Abnormally high (> 85%)
– Increased cerebral blood flow or shunting
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Neuromuscular Blocking Agents 
AGENT ONSET (seconds) DURATION (minutes)

Cisatracurium
(Nimbex)

90 60-80

Vecuronium
(Norcuron)

60 30-40

Rocuronium
(Zemuron)

75 45-70

Pancuronium
(Pavulon)

90 180+

Succinylcholine
(Anectine or Sux)

30 3-10

http://www.clinicalpharmacology-ip.com/



Other Drains

 Used as surgical drains, not for monitoring
 May use the same device as an 

extraventricular drain
 When in doubt, check the OR report



Subgaleal



Guidelines

Institutional



Thank You

Josh Winowiecki, RN, CCRN
josh.winowiecki@hfhs.org

313-598-0253
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