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Objectives

At the conclusion of this presentation
the participant will be able to:

» |dentify the functional anatomy of the brain and the effects of
traumatic brain injury (TBI).

* Describe the neurologic assessment and initial management
of the TBI patient.

« |dentify management strategies to reduce the risk of
secondary injury and minimize complications.
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Traumatic
Brain Injury

Definition:

Disruption in the
normal function of the
brain that can be
caused by a bump,
blow, jolt or
penetrating head injury



Presenter
Presentation Notes
A traumatic brain injury is a generalized term for any brain dysfunction that is caused by a trauma. This dysfunction may be temporary or permanent and may or may not result in changes to the underlying structure of the brain. A brain injury can be caused by a multitude of mechanisms that include a bump to the head, a blow to the head, a jolting injury, or a penetrating head injury. 






Epidemiology

2.9 million TBIs
224,000 hospitalizations
61,000 deaths
Long-term disability



Presenter
Presentation Notes
Each year an estimated 2.9 million people in the United States are diagnosed with a traumatic brain injury after an emergency department (ED) visit, hospitalization, or death. The number of individuals who experience a TBI but are never seen for medical care is currently unknown.

In the United States, TBIs result in 61,000 deaths each year. This accounts for almost one third of all injury related deaths. In addition, TBIs account for 224,000 hospitalizations annually.

For those that survive their trauma, TBIs can be associated with long term disabilities for both children and adults.







Epidemiology

Highest rates in the
elderly (>75 years)

More common in males
Concussions in children


Presenter
Presentation Notes
The elderly population, those 75 years or older, have the highest rate of TBI. 

Males are more often diagnosed with a TBI for all mechanisms, including falls, struck by an object, motor vehicle crash (MVC), self-harm, and assaults. 

While the most common mechanism of injury for TBI-related hospitalization for children is falls and motor vehicle crashes, recently (2001-2012) the number of sports and recreation-related injuries of concussion or TBI, alone or in combination with other injuries, has more than doubled among children 19 years or younger. It’s estimated that children get between 1.1 million and 1.9 million sports- and recreation-related concussions each year and that most aren’t seen in healthcare settings.










Mechanisms of Injury

Blunt
« Falls
« MVC
* Bicycle crash
* Pedestrian
* Assault

Cuete, D. Epidural hematoma. Case study, Radiopaedia.org. (accessed on 07 Dec 2021) https://doi.org/10.53347/rID-29440


Presenter
Presentation Notes
According to the CDC, the leading causes of TBIs are falls at 49% and motor vehicle crashes at 25%. These are both examples of blunt mechanisms of injury. Other examples would include bicycle crashes, pedestrian being struck by a vehicle, or an assault. 


Image is a large biconvex epidural hematoma in the left frontotemporal region causing mass effect, midline shift and sub-falcine herniation.


Mechanisms of Injury

Penetrating
* Gunshot wounds
* Other penetrating

Gaillard, Radiopaedia.org
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Presenter
Presentation Notes
Traumatic brain injuries can also occur from penetrating injuries, such as gunshot wounds.  

This CT image is a patient who sustained a gun shot wound. Multiple intracranial and subcutaneous metallic density foreign bodies with grossly displaced and comminuted fracture of the left calvarium. Displaced intracranial bony fragments are noted. 


Skull

Eight major bones
Bones rigidly joined together

Sutures allow for expansion in
infants but are fused by
adulthood

The scalp covers the skull and
consists of skin, connective
tissue fibers, blood vessels
and nerves. The scalp has a
rich blood supply.

Frontal (1)

Sphenoid
(1)

Ethmoid

Parietal (2)

(1)

8 Cranial Bones

Original svg image is by Edoarado, CCO, via Wikimedia Commons


Presenter
Presentation Notes
 The major structures of the head consist of the scalp, skull, meninges, brain, ventricular system and tentorium.

The skull of the head is known as the cranium. 
There are 8 major bones of the skull.
The bones are frontal (1), ethmoid (1), parietal (2), sphenoid (1) temporal (2) and occipital (1).
The cranial bones are rigidly jointed together by articulations known as sutures and they form the protective housing for the brain. 
The cranial sutures between bones initially serve as expansion joints but eventually fuse, which halts expandability in adults.

The scalp consists of skin, connective tissue fibers, blood vessels and nerves. The scalp has a rich blood supply therefore lacerations to the scalp can bleed profusely and lead to severe blood loss in trauma.







Meninges

Skin Aponeurosis
' Periosteum
Bone

/ Meninges
4» Dura mater
‘I Arachnoid

Arachnoid granulation
Dural venous sinus

SVG by Mysid, original by SEER Development Team [1], Jmarchn, CC BY-SA 3.0,via Wikimedia Commons


Presenter
Presentation Notes
The meninges are three layers of protective tissue called the dura mater, arachnoid mater and pia mater.
The outermost layer, the dura mater, is firmly adherent to the inner skull and has fixed attachments at the cranial sutures.
Underneath the dura mater is a thinner connective tissue layer called the arachnoid mater. 
The arachnoid mater is loosely adhered to the pia mater, which makes possible the potential subarachnoid space. 
The pia mater is closely associated with the grey matter of the brain and is the innermost layer. Between the arachnoid and the pia is the subarachnoid space, where CSF circulates. 
In the average adult, there is 150 mL of CSF surrounding the brain and spinal cord. 
Approximately 500 mL of CSF is produced in the choroid plexus of the lateral ventricles each day.
The brain consumes 20% of the body's total oxygen requirement and 15% of total cardiac output. 
The brain is exquisitely sensitive to ischemia and low-oxygen states.



White matter

Corpus callosum

Lateral ventricle

Internal capsule

Caudate nucleus

Putamen Basal

ganglia
Globus pallidus
Claustrum

Anterior commissure

Hypnthafamus
Amygdala

Optic tract

Third ventricle


Presenter
Presentation Notes
The brain is composed of gray and white matter. 
The gray matter consists of neuron cell bodies and dendrites.
The white mater consists primarily of myelinated axons that aid in the transfer of nerve impulses. 
The brain is divided into three main parts: the cerebrum, brain stem and cerebellum.
The outer layer of the cerebrum is known as the cerebral cortex. The cerebral cortex is arranged in folds known as gyri and depressions known as fissures or sulci. 
The cerebrum is divided into two hemispheres and connected in the midline by the corpus callosum.  


Image from STN collection.
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Presenter
Presentation Notes
Each section of the brain is responsible for different functions as demonstrated in this photo. 



Primary Injury .

0

'y

b

* Primary injury occurs at
Impact or in the minutes
following the blunt or
penetrating injury.

* Primary injuries include:
- Vascular . R

compromise
- Diffuse axonal injury |
« Cellular injury ‘

i


Presenter
Presentation Notes
Image from personal collection. Injury from exploding fireworks.


Primary Injury - Prevention

Prevention strategies
include:

« Fall prevention
* Bicycle helmets

* Pedestrian safety
awareness

e Gun violence awareness
* Motor vehicle safety
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Presenter
Presentation Notes
Primary Injury occurs as a result of the energy transmitted to the brain tissue at the time of the impact. The only way to prevent primary injury is through injury prevention. 
Following injury prevention guidelines can prevent many disabilities and deaths associated with TBI.
Individual states, hospitals, employers, and organizations conduct various TBI prevention programs including passenger safety, helmet safety and pedestrian safety programs. 
Injury prevention and safety awareness is imperative to prevention of primary injury. 
Despite increasingly effective efforts in prevention, TBI remains the leading cause of morbidity and mortality around the world. 


Focal Injury

External
Skull Fracture

Contusions

Intracranial Hemorrhage
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Presenter
Presentation Notes
Focal brain injury is confined to one area of the brain.

Focal injuries can be open or closed depending on the mechanism of injury and subsequently can include both external and internal injuries. 

External injuries include lacerations or ecchymosis. A hematoma is a pooling of blood that is under the skin but often results in visual swelling. 

Internal injuries can be fractures of the skull or damage to brain tissue.  
Contusions are defined as bruising of the brain. 
Bleeding within the skull is called an intracranial hemorrhage. Intracranial hemorrhages are named for the location of the bleed within the brain.

Image from personal collection is of epidural hematoma.



Subdural Hematoma

Acute, subacute, chronic

Stretching or tearing of
bridging vessels

Presentation varies
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Presenter
Presentation Notes
A subdural hematoma (SDH) is a collection of blood below the inner layer of the dura but external to the brain and arachnoid membrane (see the image above). Subdural hematoma is the most common type of traumatic intracranial mass lesion. These are usually venous bleeds, often due to a torn blood vessel in the bridging veins (between the brain and the dural sinus).

Generally, acute subdural hematomas are less than 72 hours old. 
The subacute phase begins 3-7 days after acute injury.
Chronic subdural hematomas are 21 days or older.
Subdural hematomas may be mixed: acute bleeding into a chronic subdural hematoma. 

SDH is a common presentation in the elderly due to brain atrophy and rigid internal cranial anatomy. Symptoms may present more subtlety and over a period of time in this population.  
Presentation varies widely in acute subdural hematoma, ranging from mild symptoms to a comatose state.  
 
Subdural hematomas do not need to be due to significant trauma. Chronic subdural hematoma can occur in the elderly or alcoholics after apparently insignificant head trauma. The mechanism of injury may not even be remembered. 
The head trauma may also cause associated brain hematomas or contusions, subarachnoid hemorrhage, and diffuse axonal injury. 

Image from personal collection displays a right subdural hematoma with a midline shift.  



Epidural Hematoma

Direct blow

Overlying skull
fractures

Arterial bleed- Middle
meningeal artery

Variable levels of
consciousness
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Presenter
Presentation Notes
The inciting event often is a focused blow to the head, such as that produced by blunt force trauma. In ~85-95% of patients, this type of trauma results in an overlying fracture of the skull. Blood vessels in close proximity to the fracture are the sources of the hemorrhage in the formation of an epidural hematoma. Because the underlying brain has usually been minimally injured, prognosis is excellent if treated aggressively. Outcome from surgical decompression and repair is related directly to patient's preoperative neurologic condition.
Approximately 70-80% of epidural hematomas (EDHs) are located in the temporoparietal region where skull fractures cross the path of the middle meningeal artery. Frontal and occipital epidural hematomas each constitute about 10%, with the latter occasionally extending above and below the tentorium. 

Expanding high-volume epidural hematomas can produce a midline shift and subfalcine herniation of the brain. This is a neurosurgical emergency. EDH may also cause uncal (lateral, transtentorial) herniation.  Compressed cerebral tissue can impinge on the third cranial nerve, resulting in ipsilateral pupillary dilation and contralateral hemiparesis or extensor motor response. 

Epidural hematomas often result in an acute lucid period, followed by a sudden decline in level of consciousness.

Epidural hematomas are frequently a neurosurgical emergency; most require immediate neurosurgical intervention.
 
Image is from personal collection.


http://www.trauma.org/images/articles/11342576895epiduraltrauma.jpg
http://www.trauma.org/images/articles/11342576895epiduraltrauma.jpg

Diffuse Injury

Brain trauma
Diffuse axonal injury

Axon Shear

\ white matter

Salam, Radiopaedia.org


Presenter
Presentation Notes
Diffuse brain injuries occur throughout the brain over a widespread area. Diffuse Axonal Injury (DAI) falls under the category of a diffuse brain injury and is a result of the brain moving back and forth in the skull as a result of acceleration and deceleration.  
Falls, assaults, automobile accidents, and sports-related injuries are common causes of DAI.  

Diffuse axonal injury (DAI) is one of the most common and devastating types of TBI.  There are  extensive lesions in white matter tracts and it is one of the major causes of unconsciousness and persistent vegetative state. It occurs in about half of all cases of severe intracranial head trauma and can also occur in moderate and mild TBI.
The outcome is frequently coma with over 90% of patients with severe DAI never regaining consciousness. There is often significant impairment in those patients who do regain consciousness. 

The effects of Traumatic Brain Injury can be subtle or catastrophic and can range from a concussion to brain death. 

Intracranial lesions are classified as focal and diffuse and often co-exist. 
DAI is a diffuse brain injury that is seen as petechial hemorrhages on CT.

Image of DAI from STN collection.

Image on right is petechial hemorrhages within the frontal grey-white interface bilaterally and within the right side of the splenium of the corpus callosum consistent with at least grade 2 diffuse axonal injury (shear injury). 
Additional findings include left frontal extra-axial hemorrhage, trace subarachnoid blood at the interpeduncular cistern and hemorrhage in the left lateral ventricle.



TBI Recognition 1
and Management

Prehospital care

ABCDE
management

Mitigating
secondary injury



Presenter
Presentation Notes
Prehospital management of TBI patients can make a difference in patient outcomes. 
Early support of airway, oxygenation, and prevention of aspiration can decrease the possibility of secondary injury. 
 


http://www.trauma.org/images/articles/11342576895epiduraltrauma.jpg
http://www.trauma.org/images/articles/11342576895epiduraltrauma.jpg

Prehospital Care

* Timing and transport
« Oxygenation

* |Intubation

« ETCO2

* Blood Pressure

* Transport decisions

-


Presenter
Presentation Notes
Most regions/states have prehospital guidelines to direct EMS personnel in the care of patients. 

Field stabilization (less than 10 minutes) and rapid transport to an appropriate facility is critical in a patient with severe TBI.
Oxygenation and blood pressure management of a TBI patient is crucial in preventing secondary injury.
Supplemental oxygen should be provided to maintain a SaO2 greater than 90. 
Prehospital guidelines recommend intubation if persistent hypoxemia is not corrected by supplemental 02, inability to maintain an adequate airway and a GCS less than or equal to 8. 
Recent studies have shed a controversial light on in-field intubation and outcomes with some studies showing worse outcomes for those patients intubated in the field. One reason for this may be post-intubation hyperventilation.
The use of capnography is to be used to maintain end tidal CO2 between 35 and 40 mm Hg. 
Blood pressure greater than 90 systolic should be maintained with isotonic fluids. Hypertonic fluids may be given for patients with GCS  equal to or less than 8 if in their local protocols.

Transport decision is made using trauma destination protocols. Current National Guidelines for Field Triage of Injured Patients, published in 2011 by the CDC, mandates that any patient with a GCS of 13 or less be transported to the highest level trauma center per regional protocol. 



Glasgow Coma Scale (GCS)

Points Best Eye Opening Best Verbal Response Best Motor Response

6 Obeying commands
5 Oriented Localizing

4 Spontaneous  Confused Normal Flexion

3 To speech Words Abnormal Flexion

2 To pressure Sounds Extension

1 None None None

NT Non-testable Non-testable Non-testable
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Presenter
Presentation Notes
The Glasgow Coma Scale (GCS) is a clinical tool designed to assess coma and impaired consciousness. The intent is to have an objective scoring system. 
It is one of the most used severity scoring systems. 
After forty years, the GCS score underwent some minor revisions in 2014.  Additionally, a pupil reactivity score was created to track the loss of pupil reactivity. 

The updated Glasgow Coma Scale (GCS) is introduced in the ATLS 10th edition. 
This version of the GCS stresses reporting the numerical components of the score and adds a new designation, NT (not testable), to be used when a component of the score cannot be assessed.

Please note that the pediatric GCS will have different verbal and motor response definitions to accommodate for developmental stages.





Pupil Reactivity Score

Pupils Unreactive to Light Pupil Reactivity Score
Both Pupils 2
One Pupil 1
Neither Pupil 0

THE ELEGTRONIC LLBRARY OF


Presenter
Presentation Notes
The GCS-P is calculated by subtracting the Pupil Reactivity Score (PRS) from the Glasgow Coma Scale (GCS) total score:   GCS-P = GCS - PRS

The combined GCS-P is not intended to replace the role of separate assessment and reporting of each component of the Glasgow Coma Scale and pupil response in the care of individual patients. It expands on the GCS Score as a simple shorthand index of the severity of a patient’s clinical state and prognosis.

Who is currently using this scoring system?


Classification of TBI

 Mild
+ GCS 14 - 15 P
- Moderate it ¥ e
.+ GCS 9-13 y )
« Severe

« GCS 3-8


Presenter
Presentation Notes
Traumatic Brain Injury is classified as mild, moderate or severe.
Persons with GCS scores of 3 to 8 are classified with a severe TBI, those with scores of 9 to 12 are classified with a moderate TBI, and those with scores of 13 to 15 are classified with a mild TBI.
TBI’s vary greatly in terms of severity, from mild cases that involve a brief change in mental status, such as confusion, to severe cases that may involve an extended period of unconsciousness.

The symptoms and management of each classification depend on the extent of damage to the brain.
Some symptoms can appear immediately after the event and others may appear days or weeks later. 




Signs and Symptoms 4
of Mild TBI I

« GCS 13-15 |
» Brief loss of consciousness
* Normal structural imaging
* Mild symptoms

 Headache

» Confusion

 Difficulty focusing

» Sensitivity to light and
sound


Presenter
Presentation Notes
Mild TBI is defined as a patient with a GCS of 13-15.
A mild TBI is commonly called a concussion. Other terminology includes minor head injury, minor brain injury, minor head trauma or minor TBI.
As many as 75% of all brain-injured people sustain mild TBI.

May have loss of consciousness up to 30 minutes.

Normal structural imaging

Symptoms of Mild TBI include: 
Confusion/Disorientation <= 24 hrs.
Post-traumatic Amnesia <= 24 hrs.
Difficulty thinking clearly
Headache
Balance problems
Irritable Sensitivity to light or noise
Does not “feel right”
 



Heads Up: Concussion in Youth Sports

If you think your athlete has

sustained a concussion
Take athlete out of play

Be alert for signs of
concussion

Seek the advice of a
health care professional



Presenter
Presentation Notes
Concussion in sports is widely discussed these days. 
The CDC has developed a major prevention and treatment program that includes education for coaches, parents, athletes, and school officials.
Concussion ABCs:
Assess the situation
Be alert for signs and symptoms
Contact a health care professional

Images from STN collection.


CDC Fact Sheets

SIGNS OBSERVED BY PARENTS/
GUARDIANSI COACHES
* Appears dazed or stunned.
 Is confused about assignment or
position.
* Forgets sports plays, is unsure of
game, score, or opponent.
Moves clumsily.
Answers questions slowly.
Loses consciousness (even briefly).
Shows behavior or personality
changes.
« Can't recall events prior or after hit or
fall.

SYMPTOMS REPORTED BY THE
ATHLETE

 Headache or “pressure” in the head.
 Nausea or vomiting.

« Balance problems or dizziness.
 Double or blurry vision.

« Sensitivity to light.

« Sensitivity to noise.

« Feeling sluggish, hazy, foggy,

groggy.
« Concentration or memory problems

* Confusion.
* Does not “feel right”.
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Presenter
Presentation Notes
Fact sheets are available free from the CDC for Coaches, Parents and Athletes.

They include practical and specific information on the concussion ABCs.�
An example of the info available is above. 



Management of Mild TBI

e Assessment Parents may specifically request to be

_ _ cleared by EP
° Dlagnostlcs « Advise NO return to contact sports until
o Discharge education cleared by an HCP familiar with

concussion management.

« RTPis a 3-step, multi-day process.

Symptom-free off concussion-related
medications

Cognitive performance back to baseline

Successful completion of 6-step (6 day) Return
to Play progression

 These cannot be accomplished in an ED
setting.
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Presenter
Presentation Notes
It is very important to obtain a good history and perform a thorough exam in the patient who has sustained a mild brain injury.
A physical exam, cognitive and behavioral exam should be performed, and findings documented. 
A thorough neurological exam is very important, including a GCS.
One of the most subtle impairments in mild TBI is cognitive impairments. 
A head CT scan is indicated for patients with presence of symptoms.

All patients with a concussion and their designated caregiver should receive explicit education and discharge instructions regarding post concussive symptoms, follow up and what to expect and when to seek emergency care. 

RTP is acronym for Return to Play.








« GCS 9-13
* Loss of consciousness
» Altered mental status
* Mild confusion
* Lethargy

* Positive or negative bl
on CT

« Ongoing assessment



Presenter
Presentation Notes
Moderate TBI’s account for 8-10% of all TBI’s.
It is defined by a GCS of 9-13. Individuals may still be able to follow commands.

Loss of consciousness may be several minutes to an hour.

Patients may have persistent mental status changes.

Ongoing assessment is crucial to detect subtle mental status changes.

Image is from personal collection.









Management of
Moderate TBI

« ABCDE

* History

 Labs

* Prevent secondary
injury

* Ongoing
management


Presenter
Presentation Notes
Management of a moderate TBI should follow Airway, Breathing, Circulation, Disability, Exposure/Environment (ABCDE’s) approach to the assessment. 
History should include mechanism of injury, medical history, medications and possible use of drugs or alcohol.
Labs should include Basic Metabolic Panel, Complete Blood Count, PT/PTT/INR.  

The goal in managing a moderate TBI is to prevent secondary injury.
Ongoing management includes: 
Admit for hourly neuro checks
Repeat CT scan if exam changes
Repeat CT scan 6-12 hours
Obtain cognitive evaluation prior to discharge

Image is from personal collection.


Signs and Symptoms
of Severe TBI

+ GCS 3-8

* Prolonged loss of
consciousness

 Abnormal neurological
signs
* Posturing
* Puplillary changes



Presenter
Presentation Notes
Severe TBI is defined as those with a GCS 3-8.
Patients with a severe TBI account for 10% of all TBI’s.

Severe TBI often results in a prolonged loss of consciousness. Patients may also exhibit neurological signs of head trauma, such as posturing or pupillary changes. 

The primary goal for severe TBI patients is to prevent secondary injury. 
Other critical goals for the patient include: 
Identify treatable mass lesions 
Identify and treat any concurrent life-threatening injuries

Image is from personal collection. 



Initial Management of Severe TBI Patient

* Primary survey and
resuscitation

« ABCDE
« Secondary survey
« Head-to-toe assessment

- AMPLE
* Diagnostics

Gaillard, Radiopaedia.org


Presenter
Presentation Notes
Management of a severe TBI should follow Airway, Breathing, Circulation, Disability, Exposure/Environment (ABCDE’s) approach to the assessment.
The goal of the primary survey is to identify any life-threatening injuries and provide immediate intervention.

The secondary survey is more detailed with a head-to-toe assessment performed with patient history. Prehospital providers are critical in providing valuable information when patients are unable to provide a history.
The secondary survey includes reassessment of the patient's vital signs and a thorough examination of the patient.

The mnemonic AMPLE can be used to obtain necessary information that helps provide a better understanding of the patient's current circumstances. 
A-Allergies
M- Medications
P- PMH
L-Last meal
E- Events leading up to admission

Adjuncts to the secondary survey include X-Ray, CT scan, ultrasound and other diagnostic procedures. 

Image is a large acute on chronic subdural hemorrhage is seen on the left exerting marked mass effect on the underlying left hemisphere with midline shift, subfalcine and uncal herniation. The right lateral ventricle is dilated. Blood is also seen layering on the tentorium. 


Initial Management - ABCDE

A- Airway
* QObtain definitive airway

* Cervical spine immobilization
 GCS < 8- intubate

« Rapid Sequence Intubation
(RSI)

* The seven Ps
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Presenter
Presentation Notes
Airway assessment should include C-Spine immobilization and stabilization.
Patients with severe TBIs, a GCS less than or equal to 8, require intubation as they are unable to protect their own airway. IT IS IMPORTANT TO GET INTIAL GCS PRIOR TO INTUBATION AS A BASELINE.
Rapid Sequence Intubation is frequently used with airway management.

Prepare equipment/patient (ambu bag, (BVM), suction, pulse oximeter, EKG leads/monitor, endotracheal handle and blade, ET tube, stylet/bougie, syringe and ETCO2 detector).
Preoxygenate – with 100% O2 until a SaO2 greater than 90%.
Pretreatment - Etomidate:  
	- Most commonly used induction medication. 
	- Causes little CV depression and is cerebroprotective (decreases ICP, maintains MAP and increases cerebral perfusion pressure).
Paralysis –  short acting agents are recommended in order to follow a neurological examination.
Positioning – Protect the airway after paralysis. Ensure c-spine alignment is maintained. 
Placement – Insert the endotracheal tube. 
Post Intubation – confirmation of the ET tube placement is obtained by waveform capnography/ ETCO2, examination and chest X-ray.

Image from personal collection. 


Initial Management - ABCDE

B- Breathing
* Goals

« Pa 02 >60mmHg

« O2sat>90%

« ETCO2 35-45mmHg
* Avoid hyperventilation
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Presenter
Presentation Notes
Breathing assessment includes look, listen and feel approach (inspect, auscultate and palpate). 
Goal for severe TBI patients is to maintain an O2 saturation greater than 90% and a paO2 greater than 60mmHg to prevent hypoxia.
The patient should receive 100% O2 until the Arterial Blood Gas measurements are obtained and oxygen delivery can then be adjusted based on the results. 

Pulse oximetry should be continuously monitored for assessment of patient oxygenation. The pulse oximeter measures oxygen saturation of hemoglobin. 

ETCO2 measures CO2 at the end of an exhaled breath and provides information regarding adequacy of ventilation and circulatory flow.
Continuous ETCO2 monitoring is recommended to detect changes in patient condition and identify need for alterations in ventilatory management.
 
Avoid manual ventilation with BVM if possible.  If you must use BVM during transport, continuous monitoring of ETCO2 is critical.  
Permissive hypercapnia is relatively contraindicated in patient with TBI.

Hyperventilation causes vasoconstriction by reducing PaCO2, therefore causing regional ischemia. 
This compromises cerebral perfusion during a time when cerebral blood flow (CBF) is already reduced.
Vasoconstriction and impaired cerebral perfusion can occur if PaCO2 falls below 30mmHg.
It is preferable to keep the PaCO2 at 35mmHg or above. 

Use hyperventilation only when:
Acute Herniation/Acute Neurologic Deterioration
Other Therapies Failed






C- Circulation

Initial Management -ABCDE

gl T St | T R - /’
\ | e ‘-.’ A ! £ —=— | Ve
\ \ YU R S A T J

Control hemorrhage |
Maintain MAP > 60mm
Manage volume -

Use of vasopréssors
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Presentation Notes
Patients who have sustained a TBI often have multiple traumatic injuries which can complicate their treatment and prognosis. The location of the injuries and hemorrhage should be quickly identified, and the hemorrhage stopped. 
Hypotension, leading to hypovolemic shock, is associated with severe blood loss and therefore should be treated quickly to maintain a SBP > 90mmHg and MAP > 60mmHg to prevent secondary injury.
The literature states that one episode of SBP less than 90mmHg can worsen the patient’s outcome. Hypotension causes secondary brain injury, therefore prevention of hypotension is crucial for a TBI patient. 

Frequent assessment of vital signs and continuous monitoring (cardiac monitoring, noninvasive blood pressure and pulse oximetry) are important to detect changes in a patient’s condition.

Fluid resuscitation in a patient who is in hypovolemic shock is crucial in stabilizing and replacing blood loss.
If the patient is bleeding, then blood should be given ASAP. Goal is to maintain a hematocrit greater than 30% to adequately perfuse the patient.
Hypotonic fluids should not be used as they can cross the blood brain barrier, increase brain water and worsen cerebral edema.
Normal saline or Lactate Ringers remains to be the first line of fluid choice for resuscitation as per Advanced Trauma Life Support guidelines; however, current evidence recommends the immediate use of blood products for hemorrhagic shock has shown to improve patient’s outcomes. 
Care should be taken not to overload the patient with fluid as this can cause edema of the brain and further worsen the patient’s condition.

In patients who are euvolemic and remain hypotensive, vasopressors can be considered to support MAP. 




Initial Management - ABCDE

D - D|sab|||ty Signs of Increased ICP

Uncal Herniation

- GCS - n

« Ongoing assessment G
* Puplls
« Motor function

Contralateral Moltor Posturing

Flexion/Decorticate

Central Herniation

Bisteral pupils dilated and fixed

Bilataral Motor Posturnng

Any progressive decrease in level of N 2o
consciousness nol atiributable to other \-—q/~/_\J
causes (e.g. drugs).
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Presenter
Presentation Notes
The Glasgow Coma Scale is a well recognized, internationally used tool for indicating the severity of a head injury and evaluating improvement or deterioration over time.
A GCS score of 3-5 has at least a 70% positive predictive value for poor outcome.
A GCS should be performed once the patient’s cardiopulmonary status is corrected and PRIOR to sedating and paralyzing the patient. This is important in determining further treatment. 

Ongoing assessment is critical in early detection of subtle changes. These changes may include differences in pupil size or reactivity and altered motor functions, such as new posturing. These changes should prompt assessment by a specialist, repeat HCT, or interventions.

Image from STN collection.




Both dilated

B Nonreactive: brainstem
B Reactive: often reversible

Unllaterally dllated

B Reactive: ICP increasing

B Nonreactive (altered LOC):

 Slow: cranial nerve |l| increased ICP

* Fluttering: often hysteria B Nonreactive (normal LOC): not
from head injury
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Image from STN collection.



Initial Management - ABCDE

E — Exposure/Environment

* EXxpose to identify all
injuries

* Maintain normothermia

https://discountcardiology.com/GE-Dash-4000-Patient-Monitors.
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Full exposure is necessary to ensure that there are no missed injuries. 

GOAL is to maintain normothermia.
Management of temperature is very important. 
Every degree to temperature elevation increased cerebral metabolic demand by approximately 7%.
Core temperature monitoring can be achieved by either an esophageal sensor or a bladder temperature sensor. 


Initial Management — Secondary Survey

Systematic assessment
« Battles sign
 Raccoon eyes

* Rhinorrhea /
Otorrhea

 Motor and sensory
deficits

* Pupillary response
 Reflexes

Retrieved December 6, 2021 from
https://www.slideshare.net/rozymea/head-injuries-58458547
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Initial neurological assessment provides a baseline for further reassessment and should include head-to-toe inspection for identification of all injuries. In the first few hours of resuscitation, frequent reassessment includes a 15 min neurological examination, including GCS and pupil exam. 
 
Battle signs and raccoon eyes can be indicative of basilar skull fractures. 
Raccoon eyes are characterized by bilateral peri-orbital ecchymosis. 
Battles sign is characterized by ecchymosis behind the ear.

Rhinorrhea, fluid from the nose, and otorrhea, fluid from the ears, can potentially be a cerebral spinal fluid leak which would be the result of an underlying skull fracture.

Loss of reflexes can be a sign of worsening bleed, edema, and herniation. 




Initial Management — Secondary Survey

Adjuncts
Labs

* Neurologic/ICP
Monitoring

« Cardiac Monitoring
* Arterial Line

* Pulse Oximetry/
Capnography
 Core Temperature

https://www.rescue-essentials.com/easy-cap-ii-end-tidal-co2-detector/
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Adjuncts should include the following: Labs, monitoring, temperature.
Labs should include: 
Basic Metabolic Panel – monitoring of sodium is extremely important, especially if hypertonic saline is used (discussed in later slide).
Complete Blood Count – an HCT above 30% should be maintained to ensure adequate perfusion. 
PT/PTT/INR - prevention of coagulopathy is very important to the patient’s outcome. Coagulopathy can lead to acidosis and death in a trauma patient. Any coagulopathy should be corrected as directed by Neurosurgery. 
ABG (goal is to prevent hypoxia). Maintaining a PaO2 above 60% is crucial to prevent secondary injury.  
Serum Osmolality (if mannitol is administered then serum osmolality should be less than 300, you do not want to dry out the patient!) 
Toxicology – should be considered to rule out any other causes for a change in mental status. 


Secondary Injury

Inadequate
Perfusion

Secondary  Biochemical

Hypoxia Injury Changes

Increased
ICP
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Secondary injury can occur hours, days, or months after initial injury.
Secondary injury is preventable and can be minimized through early assessment, efficient monitoring, and management.
Caused by events that occur AFTER the primary injury.
Inadequate perfusion (hypotension)
Hypoxia

Key to Improving Survival is MINIMIZING Secondary Injury.

Secondary injury results from:
Inadequate perfusion 
Hypoxia
Biochemical changes
Other stressors associated with trauma




Secondary Injury

Edema

Infarction

Secondary hemorrhage
Herniation

Changes to the brain:

* Neurochemical
 Metabolic

o Cellular
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Secondary injury includes edema, infarction, secondary hemorrhage, and brain herniation. 

Secondary injury results in additional damage to the brain: 
There can be: 
	Subtle changes in molecular signaling
	Alterations in cellular structure and function
	Damage to the blood-brain barrier (BBB), resulting in leakage. Allowing for increased extravasation of immune cells 
These can be seen months after injury. 

Image from personal collection is cerebral edema. Note lack of sulci/gyri and compressed ventricles.


	

 


Anticoagulation Reversal

 |dentify anticoagulation medications

* Blood testing

 |ndications for reversal

* Choose the appropriate reversal agent
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It is important to identify patients that are taking anticoagulation medications and determine which medication they are taking. 

Labs can be used to determine a patient’s ability to clot and demonstrate individuals that may be at elevated risk of bleeding. 
These labs may include prothrombin time (PT), international normalized ratio (INR), platelet count, anti-factor Xa activity, thrombin clotting time (TCT).  

Urgent anticoagulant reversal is indicated for patients with acute intraventricular, subarachnoid, or subdural hemorrhage. 
These hemorrhages bring the risks of ongoing bleeding and hemorrhage enlargement, which can lead to neurologic deterioration, elevation in intracranial pressure, poor functional outcome, or death.
Reversal may not be necessary for patients that are clinically stable or when bleeds are small or chronic in nature. The risks and benefits of reversing anticoagulation must be considered. 
Reversal should never be given for a suspected ICH, as reversal agents are potentially prothrombotic and may cause harm. 

The appropriate reversal agent must be chosen based on the medications that the patient is taking.





Some Common Examples

« Coumadin (warfarin): Vitamin K, 4-factor prothrombin complex
concentrate (PCC) such as Kcentra, plasma if 4-factor PCC not
available

* Pradaxa (dabigatran): Praxbind (idarucizumab)

« Xarelto (rivaroxaban), Eliquis (apixaban), Savaysa (edoxaban):

* Andexxa (andexanet alfa), FEIBA (anti-inhibitor coagulant
complex), activated charcoal if other options are not available

* Lovenox, unfractionated Heparin: Protamine sulfate

* Aspirin: DDAVP (desmopressin)
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Cerebral Perfusion Pressure

CPP = MAP — ICP

Cerebral Perfusion Pressure (CPP) = Mean Arterial
Pressure (MAP) — Intracranial Pressure (ICP)

Represents the pressure gradient driving cerebral
blood flow and oxygen and metabolite delivery

Goal = 60-70mmHg
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Cerebral Perfusion Pressure (CPP) is calculated by MAP minus ICP = CPP.

Goal for TBI patients is 60-70mmHg. 
Determines blood flow through the brain.




Monro- Kellie Doctrine

The skull is a non-
expandable vault.

The total volume of
Intracranial contents
must remain constant.

 Brain-80%
 Blood -10%

e CSF-10%

An increase in one

results in a decrease In
one or two of the

remaining components.

Intracranial Pressure

Collapse of cerebral
microvasculature

Increased risk of
cerebral ischemia and
herniation

]

mpl'fa

Co

Compensatory reserve
gradually depleted

Compensation

_ _ Decreasing compliance
High compliance

Intracranial Volume

Harary& Dolmans, (2018) CC by 4.0
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The Monro-Kellie Doctrine is a simple concept that is vital to understanding intracerebral dynamics.
This concept holds that the skull is a rigid compartment that contains 3 components: brain tissue, arterial and venous blood, and cerebrospinal fluid (CSF). 
Under normal circumstances, these components are balanced in a state of dynamic equilibrium. 
If an increase occurs in the relative volume of one component, such as brain tissue, the volume of one or more of the other components must decrease (to compensate) or an elevation in ICP will result.
In a brain with disease or injury, small increases in volume may result in large increases in ICP.





Autoregulation

« The intrinsic ability of the
cerebral blood vessels to
dilate or constrict Iin

response to changes in the
brain environment.

 Enables cerebral blood
vessels to maintain cerebral /
blood flow in presence of
wide fluctuation in mean
arterial pressure.
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Cerebral autoregulation refers to the properties of the brain vascular bed to maintain cerebral perfusion despite changes in blood pressure.
To maintain stable cerebral blood flow (CBF), the brain's vasculature must respond to changes in arterial blood pressure (BP) or intracranial pressure.
Normally, autoregulation maintains a constant blood flow between Mean Arterial Pressure (MAP) 50 mmHg and 150 mmHg.



Autoregulation - Impa:

* Autoregulation fails if
MAP is < 50 or > 150
mmHg.

» Autoregulation failure
affects CPP by
Impacting the pressure
gradient that drives
cerebral blood flow.
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There are two essential facts to understand about cerebral blood flow. 
First, in normal circumstances, when the flow falls, physiological electrical function of the cell begins to fail. 
Second, an increase or decrease in CBF will cause an increase or decrease in cerebral arterial blood volume because of arterial dilatation or constriction. 
Therefore, in a brain that is decompensated as a result of major intracranial pathology, increases or decreases in CBF will in turn lead to a significant rise or fall in ICP.

CPP < 50 mmHg causes hypoperfusion and potential cerebral ischemia.
CPP > 150 mmHg causes hyperperfusion and potential cerebral edema.



Intracranial Pressure (ICP)
Monitoring

« |CP reflects the pressure inside the head
 Normal ICP: < 15mmHg
* Monitoring devices

« External ventricular drain

« Allows for drainage of CSF to
lower ICP

« Subarachnoid screw or bolt
e Subdural catheter
* Intraparenchymal fiberoptic catheter

'..‘T
’ § edit: Liane ri oya
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Normal ICP is less than 15mmHg.

To measure ICP, ICP monitoring must be established. ICP monitoring requires a probe placed in the brain through a small burr hole which senses pressure inside the skull and brain. The probe is attached to a monitoring device.  Some ICP devices can only monitor while others can monitor and drain CSF.
Insertion of ICP can be done in the Operating Room or at bedside in the ICU under strict aseptic techniques. Insertion of ICP monitoring device can be performed by a neurosurgeon or by a trained Licensed Independent Practitioner (LIP) such as NP or PA.

Ventriculostomy is the most frequently used monitoring device. It allows for measuring of the cranial pressure and drainage of cerebral spinal fluid (CSF). CSF drainage helps to reduce ICP by decreasing volume inside the skull.
Ventriculostomies are at more risk of infection as they are the most invasive. 
Antimicrobial impregnated catheters may be considered to prevent catheter-related infections.




Intracranial Pressure (ICP) Monitoring

* Indications:
* All salvageable patients with GCS 3-8 and abnormal CT
« Patients with normal CT and two or more of the following:
* Over 40 years of age
* Unilateral or bilateral motor posturing
« SBP < 90mmHg

« TBI management using ICP monitoring is recommended to
reduce mortality.
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An increase in ICP represents bleeding, edema or a mass (refer back to the Monroe Kellie Doctrine).
To decrease ICP, you must identify, treat and reverse the cause.
An ICP greater than 20mmHg requires interventions to reduce it (later described). ICP above 22 are associated with increased mortality. 

Management of severe TBI patients using information from ICP monitoring is recommended to reduce in-hospital and 2-week mortality.
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Failure to deliver oxygen to an injured brain can be detrimental. Remember the goal is to prevent hypoxia!

Monitoring the partial pressure of brain tissue oxygen (PbtO2) can help in avoiding hypoxia and secondary injury.
Brain Tissue Oxygen Monitoring enables the clinician to measure the difference between delivery and consumption of oxygen.
It enables the practitioner to assess levels of oxygenation related to secondary injury and in response to interventions.
Over the last 15- 20 years accurate and reliable methods have been researched.
Licox monitor measures brain tissue oxygenation. 
A catheter/probe is placed in the white matter of the brain and can detect the regional PbtO2. 
The normal baseline PbtO2 values range from 25 to 35 mmHg. 
Mortality rate increases with a PbtO2 at or below 15 mmHg or with the occurrence of any PbtO2 values at or below 6 mmHg.
Recent studies have shown significantly reduced mortality rates in patients who have been treated under a PbtO2 protocol compared to those with ICP and CPP directed therapy.  

Transcranial doppler allows for monitoring of cerebral autoregulation.

Jugular venous oxygen saturation (SjvO2) is a measurement of the amount of oxygen in the venous blood taken  from a catheter inserted into the jugular venous bulb. It measures the balance between cerebral oxygen delivery and cerebral oxygen consumption.
SjvO2 is the percentage of oxygen bound to hemoglobin (oxygen saturation).  Normal is 55-75%. 
If the SjvO2 falls below 50%, it suggests that the blood flow to  the brain is not enough to meet the brain's oxygen requirements, causing the brain to extract a greater percentage of oxygen from the blood and is associated with increased mortality.
If the brain injury becomes so severe that the brain is unable to extract oxygen, the SjvO2 will rise. 

AVDO2 globally measure cerebral oxygen extraction. Jugular bulb monitoring of arteriovenous oxygen content difference, as a source of information for management decisions, may be considered to reduce mortality and improve outcomes. 



Clinical Manifestations of Secondary Injury

Seizures Agitation

Nausea Confusion

Headache
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Every sign and symptom for a TBI patient must be carefully evaluated, as this can indicate worsening intracranial pressure. 
In a patient who is non-intubated, decreasing level of consciousness, agitation, nausea, and restlessness can indicate signs of secondary injury.
In a patient who is ventilated, monitoring of pupillary changes, seizures and changes to motor response can indict increasing cerebral pressure and worsening secondary injury.




Clinical Manifestations of Secondary Injury

Signs of Decerebrate Posturing

Head and T are Late signs and symptoms of

neck are pointed

“rched oA I iIncreased ICP:

' * Posturing

 Bradycardia

| * Altered respiratory patterns

Signs of Dacorticate Posturing | * Hypertension
S e » Unilateral or bilateral pupil
: dilation

Arms are adductad and flexed against the chest

NCBI.NLM.NIH.gov
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Brain herniation occurs in a TBI patient due to mass effect resulting in the brain shifting through or across regions to the other side.
Symptoms include loss of consciousness, abnormal posturing, coma, loss of reflexes, and pupillary changes.
Signs include hypertension and bradycardia.
Herniation is a medical emergency and unless treated very quickly by reducing swelling or removing the mass/blood/swelling, the prognosis is very poor with death likely. 







Cushing's Triad
Three signs of an increase in ICP:  These signs are opposite of
+ Increased SBP (with HYPOVOLEMIC SHOCK:
widening pulse pressure)  Decreased SBP
* Bradycardia  Tachycardia
* lIrregular respirations * Increased respiratory
Last attempt of the brain to rate
compensate during the process
of herniation.
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Cushing’s Triad is a late sign of increased ICP and is the last attempt for the brain to compensate during herniation.
Cushing’s Triad is defined as bradycardia, widening pulse pressure and irregular respirations.



Surgical Intervention

* Burr Holes
* Craniotomy
 Decompressive Craniectomy

Das, slideshare.net
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Neurosurgical involvement should be consulted immediately for evacuation of intracranial mass lesions, penetrating injuries, and depressed skull fractures. 
If neurosurgical services are not available, the patient must be stabilized and considered for early transfer to a level of care that can provide neurosurgical consultation. 

Bifrontal Decompressive craniotomy (DC) has been demonstrated to reduce ICP and minimize days in the ICU. A large frontotemporoparietal DC is recommended over a small frontotemporoparietal DC for reduced mortality and improved neurologic outcomes.




Medical Management

« Maintain normal ICP
« CSF drainage
* Hyperosmolar therapy
* Mannitol
* Hypertonic Saline
* Maintain normal BP- Goal SBP
e >100mmHg for 50-69 years
> 110 mmHg for 15-49 and > 70 years
* Ventilation
« Goal PaCo2 of 35-45 mmHg

Rmosler2100, CC BY-SA 3.0, via Wikimedia Commons
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According to the Brain Trauma Foundations guidelines:
If left untreated, elevated ICP can lead to worsening brain damage, seizures, or death. 

Draining CSF reduces the intracranial volume, which can result in an immediate decrease in ICP. Only a small volume of CSF needs to be drained to impact the ICP. 
It will allow edema fluid to drain into the ventricular system to assist in long-term management of ICP. 

Mannitol can reduce ICP and improve cerebral blood flow.
It expands plasma volume, and therefore can reduce blood pressure.
It is administered by bolus (0.25grams/kg to 1gram/kg) and then continuous infusion.
Mannitol is an osmotic diuretic. The onset is fast (30 mins) and can last up to 6-8 hours.
It has a diuretic effect; therefore monitor blood pressure and intake and output to maintain euvolemia.

Hypertonic Saline acts by reducing cerebral water content and therefore reducing ICP.
Available in different concentrations (3%, 7%, 10%) and administered as a bolus of continuous infusion.
For pediatric, ranges of 6.5 to 10 mL/kg can be considered.
Side effects include hyponatremia; therefore, monitoring of sodium is important and has been associated with inducing pulmonary edema in patients who have underlying cardiac or pulmonary problems. 

Maintaining SBP at goal may be considered to decrease mortality and improve outcomes.

Prolonged prophylactic hyperventilation with PaCo2 of 25mmHg or less is not recommended.


Medical Management

Seizure Management

* Prophylactic use of phenytoin or valproate is not recommended for
preventing late PTS.

* Phenytoin is recommended to decrease the incidence of early
PTS (within 7 d of injury), when the overall benefit is thought to
outweigh the complications associated with such treatment.

« At the present time, there is insufficient evidence to recommend
levetiracetam (Kepra SR) compared with phenytoin regarding
efficacy in preventing early post-traumatic seizures and toxicity.

« Barbiturates are not recommended to induce burst suppression
measured by electroencephalogram to prevent the development of
intracranial hypertension.

CTN) TRAUNA LECTURES
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Post traumatic seizures (PTS) 
The slide quotes from the Brain Injury Guidelines 2017.
Posttraumatic epilepsy occurs in 15% of patient with severe TBI.
One factor associated with posttraumatic epilepsy is seizures occurring in the first week post-injury. 
Prophylactic phenytoin or fosphenytoin is recommended to reduce seizures in the first week of injury.
The goal is to control seizure activity quickly as it can lead to secondary injury. 








Medical Management «

Pain and Sedation
Management

* Pain control impacts
ICP management

« Minimal dose possible g;;

 Monitor sedation levels
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Adequate sedation and pain control are important first steps in managing elevated ICP.

Pain should be treated first. Analgesia should always accompany sedation.
Minimally tolerated doses should be used.
In the 2017 Brain Injury Guidelines diprivan (Propofol) is recommended for the control of increased intracranial pressure.
Always assess for hypoxia/hemodynamic/ICP changes prior to administration of all agents.

A sedation scale should be utilized for monitoring and use of protocols based on use of bedside sedation and pain scores. 
At least once a day routine awakening or sedation vacation should occur to assess the patient, unless contraindicated.
Goal is adequate control without obscuring of clinical examination.

Chemical paralysis is reserved for last ditch efforts.


Medical Management

« Early tube feeds: Obtain basal caloric replacement by
the fifth day.

* Transgastric jejunal feeding is recommended to
reduce the incidence of ventilator associated

pneumonia.
* Venous thrombus event prophylaxis.
* Monitor blood glucose.
« Early tracheostomy.
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Nutrition is very important in the management of severe TBI patients. The literature has demonstrated that in the first 2 weeks following injury energy expenditure increases. 
Adequate caloric intake has been shown to effect patient outcomes.
Nutrition replacement should begin early and obtain basic caloric replacement within 5 days.

Patients with severe TBI are at risk for developing venous thromboembolic events (VTE). 
Low Molecular weight heparin or low-dose unfractionated heparin may be used in combination with mechanical prophylaxis. 
While there is concern of an increased risk for expansion of intracranial hemorrhage, early VTE prophylaxis can safely be delivered and leads to a decrease in VTE complications. 
A vena cava filter may also be a possible intervention.   

Hyperglycemia in conjunction with TBI has been shown to worsen patient outcome.
Hyperglycemia increases metabolic demand and therefore increases risk of secondary injury. 
The goal for a TBI patient is to maintain glucose in the therapeutic range. Monitor blood glucose every 2-4 hrs.

Severe TBI patients often require prolonged ventilation support.
EAST guidelines Level II evidence indicates that early tracheostomy decreases the total days of mechanical ventilation and ICU LOS in patients with head injuries. Therefore, it is recommended that patients with a severe head injury receive an early tracheostomy.
The deFranca study finds that early trach decreases risk of secondary injuries and nosocomial adverse events and improves opportunity for patient to receive early rehabilitation and discharge.


Therapies to Avoid

Prophylactic Hypothermia Steroids

 Early, short-term prophylactic « High-dose
hypothermia is not methylprednisolone is
recommended to improve associated with increased
outcomes in patients with mortality and is
diffuse injury. contraindicated.

* Hypothermia risks include
coagulopathy,
Immunosuppression and
cardiac dysrhythmias.
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Prophylactic hypothermia: Insufficient evidence to support recommendation per Brain Trauma Foundation Guidelines.

Steroids are not recommended in the management of patients with severe TBI.
The evidence has shown that steroid use increases mortality and can increase complications.



Nursing Interventions

Patient Positioning Environmental Control
» Elevate head of bed * Avoid overstimulation
* Maintain neutral  Bundle care to provide
alignment of head and periods of rest
neck + Comfort measures
* Avoid elevating legs at
the knees
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Elevate the patient’s head between 15 -30° to improve cerebral venous outflow  - cervical/TL spine should be cleared or stabilized.  Patients with cervical/TL spine injury must be log rolled!
For every 10° of head elevation, the mean ICP decreases by 1 mmHg.
Maintain neutral alignment of head and neck – avoid tight cervical collars and tight taping of ETT, as this can cause resistance to cerebral blood flow and venous drainage. 



Herniation

Supratentorial

1. Uncal

2. Central

3. Cingulate

4. Transcalvarial
Infratentorial

5. Upward Cerebellar
6. Tonsillar

By RupertMillard - Brain herniation types.svg by Delldot, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=7825361
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Herniation is the abnormal protrusion of brain tissue through an opening when there is increased intracranial pressure.

This is a disastrous complication of increased intracranial pressure and is often fatal. 
Uncal- the herniation of the medial temporal lobe from the middle into the posterior fossa- this compresses the ipsilateral oculomotor nerve, causing a fixed or dilated pupil.
Central- the diencephalon and parts of the temporal lobes of both hemispheres squeezed through the notch in the tentorium. The result is fatal.
Cingulate- the frontal lobe is scraped under part of the falx cerebri. This does not place as much pressure on the brain stem as other types, but interferes with blood vessels and may progress to central herniation.
Transcalvarial- or “external herniation” – the brain squeezes through fracture or surgical site.
Upward cerebellar- usually caused by increased pressure in the posterior fossa, can cause the cerebellum to move upwards through the tentorial opening.
Tonsillar- also referred to as Chiari malformation. Occurs when the cerebellar tonsils move downward through the foramen magnum, causing compression of the lower brainstem and upper spinal cord. This may result in respiratory and cardiac dysfunction. 


Brain Death

* |rreversible loss of all functions of the brain,
including brainstem.

* Legally and clinically dead.

» Essential findings:
« Coma
» Lack of brainstem reflexes
 Apnea
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The diagnosis of brain death should be considered after all measures have been taken to restore normal physiological parameters.
All medications should be reviewed for potential CNS side effects.

Criteria for brain death include:
 nonreactive pupils
 GCS = 3
 absent brainstem reflexes (no gag reflex, Dolls eyes)
 failed apnea test (no spontaneous ventilations)

 Confirmation of brain death includes:
 cerebral angiogram
 EEG (electroencephalography) showing no activity
 Organ procurement agencies should be notified according to hospital and Procurement Agency. Review your hospital protocols for Brain Death and Organ Procurement.






End of Life

‘ End of Life Decisions

 Family support
« Palliative Care
* Organ Donation
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Families need support as they navigate these difficult end of life decisions. 
	Provide frequent updates. Ensure consistent messaging from providers.
	Offer physical comforts.
	Provide emotional and spiritual support. Consider involvement of chaplains as appropriate.

Palliative care can assist in pain and symptom management for patients. Additionally, they can guide family in the decision-making process.

Organ donation can be made after declaration of brain death in TBI patients. Alternately, those that do not meet brain death criteria may be eligible for donation after cardiac death (DCD).


Post-Acute Care

Early discharge
planning

PT and OT consults
Speech consultation

Physical Medicine and
Rehabilitation consults

Inpatient/outpatient
rehabilitation
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Discharge planning begins the day of admission.

Early consultation of rehab specialists and social work is essential.
Physical therapy, occupational therapy, speech therapy, and Physical Medicine Rehabilitation can assist in patient assessment and determination of post-discharge needs.
Patients may require inpatient rehab, home health services, or long term follow up with neuro specialists.  



Risks for Post-Acute Complications

Depression
Dementia

Alcoholism /
Drug abuse

Post traumatic
stress disorder

PTSD

Flashbacks
Nightmares
Arousal
Social
avoidance

MBI
Impaired .
concentration Neuro deficit
Tension .
headache Seizure
Sleep C :
disturbances Mlgralne like
Irritability headache
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TBI can result in changes to a person’s physical functioning, cognitive or thinking function, and behavioral events. 
This puts patients at risk of long-term issues with depression, dementia, alcohol and drug use, and post traumatic stress disorder (PTSD). 

Even with a mild TBI/concussion, 10-15% of patients diagnosed experience long-term problems including:
Headache 
Fatigue, sleep disturbances
Balance disorders
Cognitive impairments
Mood or affective disorders

It is essential that individuals with a TBI receive the appropriate long-term care and follow up.




Summary

« TBIl is a major healthcare problem.

* The initial management of the TBI patient is critical
to mitigate secondary injury and complications.

* Nursing interventions are valuable in management
and outcomes of TBI patients.
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Useful Websites:
Brain Trauma Foundation - http://www.braintrauma.org
National Institute of Neurological Disorders and Stroke - http://www.ninds.nih.gov
Brain Injury Association of America - http://www.biausa.org
Brain Trauma Foundation Learning Portal - http://www.btflearning.org/go/Home
American Association of Neuroscience Nurses - http://www.aann.org
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