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1. Understand the different categories of brain tumors

2. Understand the different treatment options

3. Provide a brief overview on new treatment developments

Objectives
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Advances in Brain Metastasis Management

● Chemotherapy combos
● Targeted Therapies
● Immunotherapies

● Stereotactic Radiosurgery
● WBRT

○ Hippocampal preserving
● Proton Beam Therapy



Stereotactic Radiosurgery
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Meningiomas

● Mostly (90%) benign tumors of the meninges
● Location

○ Typically convexity
○ Can be anywhere 

● Types
○ Meningothelial
○ Fibroblastic
○ Transitional
○ Psammomatous
○ Lymphocytic

● Treatment based on size and growth rate
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Pituitary Adenomas

● Benign tumors of the pituitary gland
● Location

○ Sella turcica
○ Suprasellar extension

● Secreting vs Non-secreting
○ GH producing
○ TSH producing
○ ACTH producing
○ Prolactin Producing

● Treatment based on secretory status
○ Non-secreting → surgery
○ Secreting → surgery vs medical management
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Schwannomas

● Benign tumors of the Schwann Cell
● Location

○ Acoustic (vestibulocochlear n.)
○ Facial n.
○ Trigeminal n.

● Treatment based on size
■ Small (<3cm) vs large
■ Rapidly growing

○ Observation vs surgery vs radiosurgery





Gliomas
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Oligodendrogliomas

● Diffusely infiltrative
● Location:

○ Cerebral hemisphere
○ >50% frontal lobe

● Peak incidence: 40-45 years
● Prognosis: 

○ Average survival of 10-15 yrs for grade 2, and 3-5 yrs for grade 3
○ Presence of codeletion of 1p19q improves survival 

■ present in 50-80% of cases



Oligodendroglioma

• Radiologic features
– Grade II - nonenhancing masses (T2 

weighted and FLAIR MRI)
– Grade III tumors are typically 

enhancing
– Intratumoral calcifications are 

common



Oligodendroglioma
Grade II Grade III



Oligodendroglioma Management

● Grade II
○ Observation
○ Surgery alone
○ Surgery + radiation therapy

● Grade III
○ Surgery
○ Radiation
○ Chemotherapy

● Grade IV?
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Ependymomas

● Well circumscribed lesion arising from the ependymal surface.
● Location:

○ Pediatrics - 4th ventricle

○ Adults - spinal cord
● Peak incidence (bimodal):

○ 0-16yrs - intracranial tumors

○ 30-50yrs - spinal tumors

● Prognosis is better in spinal than intracranial tumors
○ Grade is less predictive of prognosis than in other gliomas







Ependymoma Treatment

● Gross total resection is tantamount
● Radiation therapy:

○ Close to critical structures
○ Age/comorbidities preclude surgery
○ Grade III?
○ Possible residual

● Chemotherapy?
○ Nah…



Myxopapillary Ependymoma

● Subtype of ependymomas.
● Location - almost exclusively at the conus or filum terminale
● Peak incidence between 30-50yrs
● Prognosis 

○ WHO grade I
○ Resection is curative
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Astrocytomas

● Pilocytic (grade I)
● Pleomorphic Xanthoastrocytoma
● Subependymal Giant Cell Astrocytoma
● Diffuse

○ Diffuse (grade II)
○ Anaplastic (grade III)
○ Glioblastoma (grade IV)
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Astrocytomas

● Pilocytic (grade I)
● Pleomorphic Xanthoastrocytoma
● Subependymal Giant Cell Astrocytoma (SEGA)
● Diffuse

○ Diffuse (grade II)
○ Anaplastic (grade III)
○ Glioblastoma (grade IV)



Astrocytomas

● Pilocytic (grade I)
● Pleomorphic Xanthoastrocytoma
● Subependymal Giant Cell Astrocytoma
● Diffuse

○ Diffuse (grade II)
○ Anaplastic (grade III)
○ Glioblastoma (grade IV)



Diffuse Astrocytoma
● 40% of primary intracranial tumors
● Occur at all ages 

○ Median age 30-40 for grade II, 40-50 for grade III, and 50-60 for grade IV
● Most arise in the cerebral hemispheres with a subcortical epicenter, but may 

be seen anywhere along the neural axis
● Radiologic features

○ Grade II are typically nonenhancing masses with increased signal on T2 weighted and 
FLAIR MRI 

○ Grade III (anaplastic) are typically nonenhancing or focally enhancing
○ Grade IV (glioblastoma multiforme) are usually ring enhancing or may be a “butterfly 

lesion across the corpus callosum
○ In treated gliomas, radiation necrosis can appear identical to tumor recurrence



Diffuse Astrocytomas





Diffuse Astrocytoma



Diffuse Astrocytoma Management

● Surgical resection first line treatment
○ Poorly defined borders
○ Often vascular (more so in higher grades)

■ May encounter necrosis and hemorrhage
○ Not surgically curable
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Diffuse Astrocytoma Management (cont)

● Grade II
○ Observation
○ Surgery + Radiation
○ Prognosis 5-8yrs

■ Better with IDH 1 mutation
■ May eventually transform to Anaplastic or GBM

● Grade III (Anaplastic)
○ Surgery + Radiation + Chemotherapy
○ Prognosis 2-5yrs

■ Will eventually transform to GBM
● Grade IV (Glioblastoma)

○ Surgery + Radiation + Chemotherapy
○ Prognosis 12-18mo

■ 25% 1yr survival
■ 5% 5yr survival
■ Recurrence is guaranteed



Glioblastoma Variants

● Gemistocytic
○ Gemistocytes should comprise >20% of tumor
○ May indicate less aggressive form of GBM

● Gliomatosis cerebri
○ May radiographically resemble WHO 2-4 
○ Involves 3 or more lobes of the brain
○ Highly aggressive

● Gliosarcoma
○ Marbled areas of GBM and sarcoma
○ Highly aggressive





Advances in GBM management

● Chemotherapy
○ Immunotherapy

■ CAR T cell therapy - modifying a patient’s immune cells to target GBM cells
■ Promising in clinical trials

● MD Anderson and Mayo Clinic
○ Immune checkpoint inhibitors

■ Promotes immune cells to recognize and attack GBM cells
■ Not been shown to be as effective as immunotherapy

○ Molecular targeting
■ Identifying and targeting molecular signatures within GBM cells

● Radiation
○ Hippocampal Preserving WBRTX
○ Stereotactic Radiosurgery

■ Available for recurrent lesions



Proton Beam Radiation Therapy

● Improved Precision
● Lower local radiation doses
● Improved long term cognitive 

results
○ Maybe more useful in LGG

● Particularly useful in tumors near 
critical structures



Questions?



Thank You!





In the Cards: 
Agitation in Neuroscience Patients
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Goals and Objectives
1. Define agitation as it relates to brain injury

2. Discuss risk factors for developing agitation

3. Review potential medical issues that can cause 
agitation and the relevant work up for diagnosis

4. Review treatment options for agitation management in 
the neuroscience patient including:

• Environmental modification

• Behavioral modification

• Pharmacological treatment options. 
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Aggression
Mood lability Disinhibitation

Restlessness

What is agitation? It depends on the card that’s drawn!
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“episodic motor or 
verbal behavior 

which interfered with 
patient care or clearly 
required physical or 

chemical restraints to 
prevent damage to 

persons or property”

“presence of 24 
hours (six 4-h 

increments) of ABS 
scores >21 within a 
48-hour period at 
some point during 

the inpatient 
rehabilitation stay”

“Uncoordinated motor agitation is 
typical of the awakening period: 

…projection against bed rails, the 
patient gets up from the bed and sits 
back down continuously. At a more 

advanced stage, more evolved 
behaviors may be observed: …taking 

the bed or chairs apart, trying to 
remove constraints, destroying or 
dismantling the equipment in the 

room like the toilet, bathroom, 
electrical system), these behaviors can 

be associated with running away, 
non-stop calls, screams... Sexual 
disinhibition is also typical of this 

stage. Sometimes observed as verbal, 
even physical, violent uncontrolled 

aggressive behaviors”

“state of 
aggression 

during 
posttraumatic 

amnesia”

“episodic motor or verbal 
behavior that interfered with 

patient care, therapy, or safety”

“combination of behaviors 
including aggression, akathisia, 
disinhibition, emotional lability, 
motor restlessness, impulsivity, 

disorganized thinking, 
perceptual disturbances, 

impaired ability to sustain 
attention, and reduced 

adaptation”

"thrashing of 
extremities, truncal 
rocking, dislodging 

intravenous tubes and 
catheters, yelling, 

combativeness, and 
attempts to get out of 

bed”

What is agitation? 
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To simplify:
•Agitation can be defined as an EXCESS of behavior that 
interferes with care and causes risk to patient, property and/or 
staff.
–  Includes some combination of aggression (verbal or physical), explosive 

anger, restlessness, disinhibition, akathisia, inappropriate vocalizing, 
and/or emotional liability

– Behaviors must be present in the absence of other physical, medical or 
psychiatric causes
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Agitation is in the cards…expect it!
• Agitation is often part of the brain injury 

recovery process
– Incidence varies from 11-70%

• Agitation occurs most often during the 
post-traumatic amnesia (PTA) time period.

• Cognition improves before agitation improves

Therefore agitation is usually 
SELF-LIMITING

– Duration of several days to several weeks
– Typically resolves within 4 weeks
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• Multifactorial pathology

Anatomy

• injury to the frontal lobes, temporal lobes, prefrontal cortex, thalamus, and 
limbic system

Physiology
• impaired regulation of serotonin, norepinephrine, and dopamine.

Premorbid 
:

• psychiatric/mood disorders, personality disorders, substance abuse

Medical
• infection, pain, electrolyte imbalance, worsening brain injury, seizures

Predictors: impaired cognition, PTA, & lower functional status
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Anatomy of Agitation

• Serotonin
– Regulates mood, memory processing, anxiety, 

sleep, cognition
– Loss of Serotonergic regulation results in 

disinhibition, aggression, and agitation

• Norepinephrine
– Regulates mood, arousal, cognition (role in 

attention/concentration, memory, processing 
speed)

• Dopamine
– Regulates arousal, movement, pleasure/reward, 

cognition, psychosis, perseverations/compulsions

NEUROTRANSMITTERS
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Anatomy of Agitation

Frontal Lobe

Problem Solving, Emotion, 
Complex Thought, 
Decision-making, 
Inhibition, Pleasure

Temporal Lobe

Retention of visual 
memories, comprehending 
language, storing new 
memories, emotion, 
deriving meaning

Prefrontal cortex
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Anatomy of Agitation

Limbic system

Hippocampus Consolidation of new memories

Nucleus accumbens Reward, pleasure, and addiction

Hypothalamus
Endocrine system, defensive 
behaviors, aggression

Mammillary bodies Recall memory

Thalamus Arousal/consciousness, memory

Septal nuclei Pleasure

Entorhinal cortex Memory

Amygdala
Emotion - fear, anxiety, 
aggression, rage
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Beyond the Poker Face:
Assessing Agitation

PTA Agitation

Galveston Orientation and Amnesia 
Test (GOAT)

Agitated Behavior Scale (ABS)

Orientation Log (O-Log) Overt Aggression Scale (OAS)
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GALVESTON ORIENTATION AND 
AMNESIA (GOAT)

•Reliable and valid indicator of PTA in TBI 
patients

– Does not measure agitation

•Score of 75 or more on 2 consecutive 
occasions is considered to indicate that 
patient is out of PTA

•Can be administered daily until patient is out 
of PTA
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ORIENTATION LOG (O-LOG) 

•Does not specifically measure agitation

•Score of 25 or more on 2 consecutive occasions is considered to indicate 
that patient is out of PTA

•Can be administered daily until patient is out of PTA
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AGITATED BEHAVIOR SCALE 
(ABS)

• Only measure of agitation developed specifically for and 
validated in the TBI population

• High intra- and inter-rater reliability
• Used for for monitoring patient’s recovery progression and 

assessing effectiveness of interventions

Total Score
<21 Normal

22-28 Low agitation
29-35 Moderate agitation

>35 Severe agitation
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OVERT AGGRESSION SCALE (OAS)

• Observational scale that requires training to 
administer

• Can be completed in 3-5 minutes

• Developed for mental health population

• Allows recording of type, severity and frequency of 
different aggressive behaviors such as verbal, 
physical against objects, physical against self and 
physical against others

• There are additional items that register the 
intervention applied by the staff
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RANCHO LOS AMIGOS (RLA) SCALE

•Represents typical progression of recovery in TBI
•These patients have deficits in attention, memory, initiation, problem solving, 
sequencing, information processing speed, and safety awareness

•Dynamic scale- patients can fluctuate between levels
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Stacking the Deck:
Identifying risk factors and causes of agitation early

• Obtain detailed HPI, medical comorbidities, and an in-depth 
social history
– Location of brain lesions
– Medical issues that can result in 

complications/infections/pain/psychiatric complications
– Social habits that could result in withdrawal

• Perform a comprehensive physical exam 
– vital signs
– neurologic examination, 
– cardiopulmonary evaluation, 
– musculoskeletal examination.

Evaluation should include assessment for secondary 
conditions common in TBI which may contribute to 
agitation (e.g., aphasia, vision impairments, attention and 
alertness)
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MEDICAL
•Medication Side effects
– opioids, benzodiazepines, dopamine agonists (Metoclopramide), H2-receptor 

antagonists (Famotidine), Levatiracetam, and anticholinergic medications 
(Oxybutynin)

•Pain: Headache, lacerations, wounds, post-op, heterotopic ossification, 
spasticity, shoulder subluxation, occult fracture, etc.

• Infection
•Metabolic disturbance (electrolytes, thyroid, hypoglycemia)
•Hypoxemia (Pulmonary Embolism)
•Urinary retention/incontinence
•Bowel incontinence, nausea, constipation

Differential diagnosis
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NEUROLOGIC
• Hydrocephalus
• Seizures
• Intracranial mass lesions
• Rebleed, intracranial hemorrhage

PSYCHIATRIC
• Personality disorders/Psychosis/Anxiety/Mood disorders
• Sundowning in patients with dementia
• Substance use/Acute intoxication

Differential diagnosis
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• CBC with differential
• Complete Metabolic Panel
• Thyroid function tests
• Urinalysis with urine culture
• Urine toxicology screen
• CSF analysis
• CT head/MRI Brain
• EEG

Diagnostic work up for the agitated patient



KNOW WHEN TO HOLD’EM, 
KNOW WHEN TO FOLD’EM…

So the work up is unremarkable…now what?

Agitation is a diagnosis of exclusion after other 
conditions have been ruled out

Once all other issues are ruled out THEN symptoms 
can exclusively be attributed to AGITATION.
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Why do we care about Agitation after TBI?
•Frustrating for providers/staff/families

•Diverts attention away from other activities
– Can result in medical complications

•Discharge planning for agitated patients can be problematic
– Associated with longer lengths of stay in both hospital and acute 

rehabilitation settings, increased cost of care, and increased amount of 
support needed after hospitalization. 

– Can impede community reintegration including alienation from family, loss of 
employment, and potential legal issues.

Management is essential to ensure everyone’s safety, ease caregiver 
burden, and maximize cooperation in treatment.
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Agitation 
Management

Behavior
ModificationsEnvironmental 

Modifications

Pharmacotherapy
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Environmental Modifications

Reduce stimuli

FIRST LINE INTERVENTION

• Private Room
• Minimize light, noise, and distractions - Low level lighting, draw 

curtains, turn off television, etc.
• Limit number of visitors at one time

• Staff and family should speak in low volume, slowly, one at a time
• Implement rest periods throughout the day to minimize impact of 

fatigue
• Meals in isolated area (rather than in communal dining room)

• Quiet, isolated treatment areas
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Environmental Modifications

• Avoid/minimize restraints: Use non-contact restraints if able (i.e. safety net beds), 
padded hand mittens, one-to-one staff supervision

• Minimize tubes and lines
– Discontinue as soon as medically safe to do so
– Disguise them if essential for patient care (i.e. Place abdominal binder, wrap IV lines with 

gauze, Kerlix)

• Frequent re-orientation by staff and family
• Consistent schedule and staff
• Timed toileting
• Create a familiar environment: Allow family to bring in personal possessions
• Ensure good sleep cycle regulation and sleep quality
– Encourage good sleep hygiene
– Consider use of Trazodone, Melatonin
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Sitter: When to Order

Harmful to self

Disruptive to other patients

Does not follow weight bearing, helmet precautions

High elopement risk

Not manageable with cubicle bed / net bed
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Behavioral Modifications
• Indulge the restlessness 
– Allow patient to pace (if safe) or be walked/wheeled around by 

family/staff
– Mobile patients may require a closed unit or sensors for safety

• De-escalation techniques
• Structured behavioral programs
– Written behavioral plan: staff/ family agreement 
– Identify antecedent behaviors 
– Quantify acceptable/problematic behaviors 
– Environment: special beds, time out, control stimuli 
– Redirect behavior: physical activity with coach 
– Co-Treat for safety
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Approach agitated patients 
thoughtfully and cautiously!
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Education:
• Approach from the front, respect personal 

space
• Use social greetings: these are cues to relax
• Avoid sudden grabbing or touching of the 

patient
• Provide patient with choice instead of 

command
• Do not correct confused statements.
– Instead of disagreeing, make a neutral 

statement or re-direct attention to another 
topic

• Positive reinforcement
• Formally end the interaction as patient may 

not be aware of normal social cues
• Care team and family should have knowledge 

of potential situations that trigger agitated or 
aggressive behaviors so these can be avoided

In general…



81

Pharmacological Management

•Reserved for:

– patients who exhibit agitated behaviors despite environmental and 
behavioral modification

 

•As with most medications:

– “start low, go slow”

– begin with the lowest dose available and slowly increase for effectiveness

•Frequent reassessment is essential to determine need for continuation of 
the pharmacologic agent(s)
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Before showing your hand:
things to consider before medicating an “agitated” TBI patient

Are they aggressive or just restless? 

What is the specific unwanted 
behavior?

Are you just treating the staff instead?
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The Winning Hand: Drugs Classes for Agitation Management

Beta-blockers

Antidepressants

Antipsychotics

Neurostimulants

Mood stabilizers

Antiepileptics

Anxiolytics
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Beta-Blockers

Medication Dosage Benefits Important Side Effects Comments

Propranolol Starting dose: 
20-60mg/day, 
divided BID–QID

Maximum dose up 
to 420mg/day has 
been used

Best evidence for
efficacy

Also treats 
dysautonomia, 
anxiety, tremor, 
and migraines

Improves 
restlessness and 
disinhibition

Hypotension

Bradycardia

Depression

Lethargy

Decreased Libido

No adverse effect 
on motor or 
cognitive
recovery
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Antiepileptic drugs (AEDs)

Medication Dosage Benefits Important Side Effects Comments

Carbamazepine Aggression limiting 
effects seen with
dosing 
300-900mg/day, 
divided BID-TID

Hyponatremia
Sedation
Nausea

Rare but serious:
• Aplastic anemia
• Agranulocytosis
• Stevens-Johnson
• syndrome

Improvement in
behavior within 4 
days

Monitor serum 
levels for toxicity

Potential to 
negatively impact 
psychomotor speed

Valproic Acid Starting dose: 
250mg BID

May be titrated 
250mg every 2-3 
days
to max of 
2500mg/day

Less likely than
carbamazepine to 
have negative 
impact on cognition 
and has safer side 
effect profile

Sedation
Nausea/vomiting
Weight gain
Hepatotoxicity

Potential for rapid 
efficacy
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Medication Dosage Benefits Important Side Effects Comments

Selective Serotonin
Reuptake Inhibitors 
(SSRIs)

ex. Sertraline, 
Citalopram

Starting dose: 
dependent on agent 
selected, start at 
lowest available 
dose

Dosing titrated
every 3-7 days

Helpful for agitation
with depressive or
behavioral 
component

Can improve
symptoms of Kluver-
Bucy syndrome and 
pseudobulbar affect

Hyponatremia

Decreased libido

Serotonin syndrome

QTc prolongation

Antidepressant
effect noted in 2 or 
more weeks, quicker 
time to effect for 
behavioral disorders

Trazodone Starting dose: 
50-100mg

Increased sleep 
usually seen by 
150mg

Shown to decrease
agitation and 
aggressive behaviors

Can also be used for
sleep cycle 
regulation

Anticholinergic 
effects

Priapism

Sedation

QTc prolongation

Can precipitate 
serotonin syndrome 
if used with an SSRI
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Antidepressants continued…
Medication Dosage Benefits Important Side Effects Comments

Tricyclic 
Antidepressants 
(TCAs)

ex.  Amitriptyline

Starting dose: 
dependent on agent 
selected, start at 
lowest available 
dose

Dosing titrated
every 3-7 days

May be 
recommended as a 
2nd line agent

• Sedation
• QTc prolongation
• Lowers seizure 

threshold
• Anticholinergic 

effects

May increase 
confusion

Lithium Starting dose: 
300mg BID

Titrate by serum 
drug levels and side 
effects: 
0.5-1.2mEq/L is 
therapeutic and 
>1.4mEq/L is toxic

Can help in patients
with mania and 
cyclic
mood disorders

• Increased thirst
• Polyuria
• Sedation
• Movement 

disorders
• Seizures
• QTc prolongation
• Renal 

impairment

May cause 
decreased
cognition and 
lethargy
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Medication Dosage Benefits Important Side Effects Comments

Typical 
Antipsychotics

ex. Haloperidol

Typically reserved 
for SEVERE agitation 
or
aggressive CRISIS

Extrapyramidal 
effects

Neuroleptic 
malignant syndrome

QTc prolongation
Sedation

• Can be given IM, 
IV

• Deleterious 
effects on 
cognition and 
motor recovery

• Prolongs time in 
PTA

• Not 
recommended 
for long term use

Atypical 
Antipsychotics

ex. Olanzapine, 
Quetiapine, 
Ziprasidone, 
Risperidone

Starting dose: 
dependent on agent 
selected, start at 
lowest available 
dose

Better side effect
profile compared to
typical agents

Consider if agitation 
associated with 
paranoia or 
delusions

Sedation

Extrapyramidal 
symptoms

Dizziness

QTc prolongation

Some can be given 
IM (Olanzapine and 
Ziprasidone)

Not recommended 
for long term use 
unless concomitant 
psychiatric disease
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Neurostimulants
Medication Dosage Benefits Important Side Effects Comments

Amantadine Starting dose: 50mg 
per day in divided
doses, typically
morning and noon

200-400mg/day used
for improving 
wakefulness and 
cognition

Also improves
wakefulness, apathy

Irritability/Agitation

Tachycardia

Elevated BP

Lowered seizure 
threshold

Effects seen within 
several days

Must be weaned 
when discontinuing 
due to risk for 
neuroleptic 
malignant
syndrome with 
abrupt withdrawal

Methylphenidate Starting dose 5mg in 
divided doses, usually 
at 8AM and noon

Doses up to 
60mg/day utilized

Can additionally 
improve attention 
and concentration

Insomnia

Decreased appetite

Elevated BP

Quick onset of action
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Anxiolytics
Medication Dosage Benefits Important Side Effects Comments

Buspirone Usual dose of 
5-20mg TID

Maximum dosing 
recommended 
60mg/day, but as 
high as 180/day 
seen

Can be considered 
2nd line for agitation 
in the presence of 
anxiety

Light headedness

Headache

Risk of serotonin
syndrome with
concomitant use of 
antidepressants

2-3 week delay in 
therapeutic action

No respiratory 
depression, 
sedation, addictive 
properties, or 
adverse cognitive 
effects

Benzodiazepines

ex. Lorazepam,
Diazepam

Starting dose: 
dependent on agent 
selected, start 
lowest available 
dose

Useful for rapid 
resolution of 
agitation
CRISIS

• Paradoxical 
agitation

• Anterograde 
amnesia

• Disinhibition
• Sedation
• Impaired 

coordination
• Respiratory 

depression

Recommend
starting long-acting 
agents concurrently

Delays cognitive 
recovery

Risk of dependence 
and addiction
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Going all in:
Knowing which medication to choose?

•Each Brain Injury is different
•Choice of therapy should be based on 
clinical presentation and medical 
comorbidities

•The ideal agent is non-sedating, would not 
affect cognitive recovery, and has a low 
side effect profile

Agents that slow cognition may 
prolong/exacerbate agitation
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What do the Experts choose?
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Things to Consider with Medical Management of Agitation

Spontaneous recovery vs. medication effect

No good markers of neurotransmitter levels

Deficits overlap clinically, chemically

Variability of response & symptom fluctuations

Poor compliance
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Stacking the deck in your favor:
A summary for managing agitation in the neuroscience patient

•Agitation is a self-limiting condition with largely unknown 
etiology

•Know the injury!!! 

– The more severe the injury and the more confused the 
patient, the greater the likelihood of agitated behaviors

•Environmental modifications are first line. 

– Educate! Educate! Educate!

•When choosing medications, consider potential secondary 
benefits, side effects



95

References

1. Bhatnagar S, Iaccarino MA, Zafonte R. Pharmacotherapy in rehabilitation of post-acute traumatic brain injury. Brain Research, 2016; 1640: 164-179.
2. Bogner J, Barrett R, Hammond F, et. Al. Predictors of agitated behavior during inpatient rehabilitation for traumatic brain injury. Archives of physical medicine and rehabilitation, 2015; 96 (8 suppl 

3): S274-81.
3. Bogner J, Corrigan J, Stange M, Rabold D. Reliability of the Agitated Behavior Scale. J Head Trauma Rehabil, 1999; 14(1): 91-96.
4. Brooke M, Patterson D, Questad K, Cardenas D, Farrel- Roberts L. The Treatment of Agitation during initial hospitalization after traumatic brain injury. Arch Phys Med Rehabil, 1992; 73: 917-21.
5. Brooke M, Questad K, Patterson D, Bashak K. Agitation and Restlessness after Closed Head Injury: A Prospective study of 100 consecutive admissions. Arch Phys Med Rehabil, 1992; 73:320-3.
6. Castano B, Laxe S, Bernabeu Guitart M, Bulbena Vilarrasa A. Behavioral scales used in severe and moderate traumatic brain injury. Neurorehabilitation, 2014; 35: 67-76.
7. Francisco, G. E., Walker, W. C., Zasler, N. D., & Bouffard, M. H. (2007). Pharmacological management of neurobehavioural sequelae of traumatic brain injury: A survey of current physiatric 

practice. Brain Injury, 21(10), 1007-1014. doi:10.1080/02699050701559558
8. Hammond F, Malec J, Zafonte R, Sherer M, et al. Potential Impact of Amantadine on aggression in chronic traumatic brain injury. J Head Trauma Rehabil, 2017; 32 (5): 308-318.
9. Kalra I, Watanabe T. Mood Stabilizers for Traumatic Brain Injury-Related Agitation. J Head Trauma Rehabil, 2017; 32 (6): E61-E64.

10. Lindberg, Rani. (2020) Management of Post-Traumatic Brain Injury (TBI) Agitation. UAMS TRIUMPH Guidelines. 
https://medicine.uams.edu/pmr/wp-content/uploads/sites/3/2020/09/Guidelines-TBI-Agitation-2020.pdf

11. Lombard LA, Zafonte RD. Agitation after traumatic brain injury: Considerations and Treatment Options. Am J Phys Med Rehabil. 2005; 84:797-812.
12. Luaute J, Plantier D, Wiart L, Tell L, et al. Care management of the agitation or aggressiveness crisis in patient with TBI. Systematic review of the literature and practice recommendations. 

Annals of Physical and Rehabilitation Medicine, 2016; 56: 58-67.
13. Mohney, L., Subbarao, B., & Eapen, B. (2021). Brain injury medicine: Board review. In 1188756209 889135979 D. X. Cifu (Ed.), Brain injury medicine: Board review (pp. 252-257). Philadelphia, 

PA: Elsevier.
14. Mysiw, W., & Sandel, M. (1997). The agitated Brain INJURED patient. Part 2: Pathophysiology and treatment. Archives of Physical Medicine and Rehabilitation, 78(2), 213-220. 

doi:10.1016/s0003-9993(97)90266-5
15. Rosenthal J, Mortimer D. (2016) Agitation/Aggression/Apathy After Brain Injury and Other CNS Disorders. PM&R Knowledge Now. 

https://now.aapmr.org/agitationaggressionapathy-after-brain-injury-and-other-cns-disorders/
16. Zasler ND, Katz DI, Zafonte RD.  Brain Injury Medicine, Principles and Practice.  2007 Demos Medical Publishing, New York, New York.  

https://medicine.uams.edu/pmr/wp-content/uploads/sites/3/2020/09/Guidelines-TBI-Agitation-2020.pdf
https://now.aapmr.org/agitationaggressionapathy-after-brain-injury-and-other-cns-disorders/


96

QUESTIONS?



BREAK TIME! BREAK TIME! 



Down to the 
Wire

Neurosurgery Case 
Reviews

Tim Burson, M.D.
Chief of Neurosurgery

Baptist Health



Objectives:

1. Identify neuroscience cases of interest to neuroscience providers
2. Discuss case specifics in context of symptoms, imaging, and plan of care
3. Identify at least one important take-away from each case

Disclosures:
None



 
24 yo female with history of COVID a 
week prior to admission with new 
onset headache. Was seen at urgent 
care and headache improved x 48 
hours. 

Woke up on day of admit with severe 
headache and presented to the ED. 

On exam, she was awake/oriented, 
face symmetric, and moving all 
extremities equally. She had 
difficulty with word finding and 
occasionally had repetitive speech. 

Case 1  

https://docs.google.com/file/d/180PBKHC9D51_dKTFObO9_WYOicTAr7b7/preview


What is the SUSPECTED diagnosis?

A. Primary ICH
B. Underlying mass/tumor
C. Ruptured aneurysm
D. Arterio-venous anomaly 
E. Sinus occlusion/thrombosis



Cerebral angiogram

https://docs.google.com/file/d/1LlTwI2MPUPWJf5SZ58TuDeG5-am1KO9X/preview


What is the SUSPECTED diagnosis?

A. Primary ICH
B. Underlying mass/tumor
C. Ruptured aneurysm
D. Arterio-venous anomaly 
E. Sinus occlusion/thrombosis



What is the SUSPECTED diagnosis?

A. Primary ICH
B. Underlying mass/tumor
C. Ruptured aneurysm
D. Arterio-venous anomaly 
E. Sinus occlusion/thrombosis



Hospital Course 

Concern for worsening brain compression > left hemicraniectomy



Hospital Course 

Neurocritical Care Management
● Avoid dehydration
● Hypertonic saline for goal Na+ 140-145
● Seizure prophylaxis 
● Close neuro checks

○ episode of right hemiparesis 2-3 / 5 with stable head CT
● Anticoagulation

○ Started heparin drip 48 hours post hemicrani
○ Started apixaban 7 days post hemicrani

● Consulted hematology - Lupus anticoagulant, JAK2 V617F, Beta-2 
Glycoprotein, PNH panel, Cardiolipin Ab; negative Factor V Leiden and 
prothrombin gene mutation



About Sinus Thrombosis 

Incidence
● 3-4 cases per million
● 12 cases per 100,000 peri- and 

post-partum women
● 3 x more frequently in women of 

child bearing age - related to 
estrogen based contraceptives

● most risk in infants during first 
month of life

Risk Factors
● Any condition leading to a 

prothrombotic state
○ Oral contraceptives - estrogen 

based
○ Peripartum
○ Chronic inflammatory diseases
○ Inherited or acquired 

thrombophilias 



Discharge and Recovery 

● Admit to rehab 
● Right hemiparesis improved
● Speech improved 
● Continued on apixaban
● Cranioplasty after 2 months
● Recovered well 



Case 2  

76 yo WM with recent history of lumbar laminectomy 1 month prior who was 
discharged to rehab. In rehab, began having syncopal episodes but denied 
head trauma or headaches. CT head was obtained at the outside hospital 
and he was transferred here for further NSGY evaluation. 



Case 2 - Head CT/MRI  

Diagnosis?



Case 2 - Head CT/MRI  

Subdural 
Hygromas



We had questions….

Why would this patient 
develop bilateral subdural 
hygromas after a lumbar 
spine surgery? Is it relevant?
  

 



We had questions….

On further questioning, we 
discovered he had a lumbar 
drain for CSF leak that was 
removed several days after 
surgery 

 



We had questions….

Now, what is the relevance of 
the bilateral subdural 
hygromas?

 

 



We had questions….

Now, what is the relevance of 
the bilateral subdural 
hygromas?

?Intracranial HYPOtension

 



So…we ordered an MRI 
lumbar spine

What is the diagnosis here?



So…we ordered an MRI 
lumbar spine

What is the diagnosis here?

What caused that?



So…we ordered an MRI 
lumbar spine

What is the diagnosis here?

What caused that?

How is a pseudomeningocele related 
to the subdural hygromas? 



Neurosurgical options?

Post operative management? 
 



Discharge and Recovery

 
● Discharged to primary neurosurgeon for repair of pseudomeningocele
● Admitted to rehab 10 days later
● Recovered well 



Case 3 

71 yo WM with history of DMT2, HTN who presented to ED with ataxia, 
blurred and occasional diplopia, and nausea x 24 hours associated with 
elevated blood glucose of 305 on admission. 

Where would you localize these symptoms in the brain? 
1. Frontal lobe
2. Temporal lobe
3. Parietal lobe
4. Occipital lobe
5. Cerebellum



Case 3 

71 yo WM with history of DMT2, HTN who presented to ED with ataxia, 
blurred and occasional diplopia, and nausea x 24 hours associated with 
elevated blood glucose of 305 on admission. 

Where would you localize these symptoms in the brain? 
1. Frontal lobe
2. Temporal lobe
3. Parietal lobe
4. Occipital lobe
5. Cerebellum



Case 3 - MRI  

https://docs.google.com/file/d/1TVWf600h2BB5fo4OW1i932TNqdlaFy4v/preview


Case 3   

He was out of the window for thrombolytics and not a thrombectomy 
candidate because there was no large vessel occlusion (LVO). 

Why would neurosurgery be more concerned about a posterior circulation 
stroke, aka a cerebellar stroke?
a. Neurosurgery is not concerned about it at all
b. Concern for crowding the 4th ventricle causing acute hydrocephalus and 

brain stem compression
c. Medical management is sufficient in these patients



Case 3   

He was out of the window for thrombolytics and not a thrombectomy 
candidate because there was no large vessel occlusion (LVO). 

Why would neurosurgery be more concerned about a posterior circulation 
stroke, aka a cerebellar stroke?
a. Neurosurgery is not concerned about it at all
b. Concern for crowding the 4th ventricle causing acute 

hydrocephalus and brain stem compression
c. Medical management is sufficient in these patients



What are our options??

A. Comfort Care
B. Medical management 
C. CSF diversion with EVD
D. Suboccipital decompression

 



What are our options??

A. Comfort Care
B. Medical management 
C. CSF diversion with EVD
D. SUBOCCIPITAL DECOMPRESSION

 



https://docs.google.com/file/d/1BQ8LZYxz9UBPOe6w2-eqWAXb2ccZa96o/preview


https://docs.google.com/file/d/1DWtO5Tza-jc5AVJQ3ydtaPo7QlWwwkQG/preview


Questions

● Do you need to put the bone back on 
after a suboccipital decompression?

● Do these patients need a helmet?



How well did this patient 
do?



● Refers to an outcome that is not decided until the last 
minute

Down to the Wire



● Refers to an outcome that is not decided until the last 
minute

● These cases demonstrate vigilant care throughout the 
hospitalization and rehabilitation process to obtain the 
best outcomes

Down to the Wire



● Refers to an outcome that is not decided until the last 
minute

● These cases demonstrate vigilant care throughout the 
hospitalization and rehabilitation process to obtain the 
best outcomes

● That’s why YOU are important in the continuum of care

Down to the Wire
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