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Objectives

A Review guideline focused management of
TBI

A Discuss Sports Related Concussion

A Imaging of TBI
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Management of Severe TBI

Part 1: Guidelines for the Pre-hospital Management of
Severe Traumatic Brain Injury

Part 2. Guidelines for the Management of Severe
Traumatic Brain Injury

A Initially published in 1995, 2nd 2000, 3@ 2007

A A Joint Project of
I The Brain Trauma Foundation
I American Association of Neurological Surgeons (AANS)
I Congress of Neurological Surgeons (CNS)
I AANS/CNS Joint Section on Neurotrauma & Critical Care
|

J Neurotrauma May 2007
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http://www.braintrauma.org/

Management and
Prognosis of Severe
Traumatic Brain Injury

Topics
www.braintrauma.org

B View the Guidelines

A Blood Pressure & A Anesthetics, Analgesics,
Oxygenation and Sedatives*

A ICP Monitoring Indications A Hyperventilation
A ICP Monitoring Technology A Prophylactic Hypothermia*

A ICP Thresholds A Steroids

A CPP Thresholds A Antiseizure Prophylaxis

A Brain Oxygen Monitoring & A Infection Prophylaxis*
Thresholds* A DVT Prophylaxis*

A Hyperosmolar Therapy* A Nutrition
* New in 2007

J Neurotrauma May 2007
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Blood Pressure and Oxygenation

A Level Il: Monitor blood pressure. Hypotension
(SBP <90 mm Hg) should be avoided

I Mortality rates double; morbidity increases
I Late hypotension in 32%; 66% become V/D (vs. 17%)
I Do not treat - BP (maintain cerebral perfusion)

A Level 1ll: Monitor oxygenation. Hypoxia (PaO?2 < 60
mm Hg or O2 saturation < 90%) should be avoided

I Increases neuronal death / motor deficits: correlates with

POOor outcomes
4G
V' Y

I Occurs at least once in 39%
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Mechanical Ventilation Goals

A Establish airway early to prevent hypoxemia

A Optimize cerebral oxygenation
I Low PbtO? has been associated with poor outcome*
| Balance brain versus pulmonary issues

A Hyperventilation
I May treat ICP elevations at the cost of CBF

A Hypoventilation

I Shifts the Hgb-O2 saturation curve, thus facilitating O2
delivery and improving PbtO?

I Is there a role for permissive hypercarbia?

UC Neuroscience Institute



Lung Injury

A Acute Lung Injury / Adult Respiratory Distress
Syndrome

I ALIl: PaO?/FiO? < 300; Mortality = 39%
I ARDS: PaO?/FiO? < 200; Mortality =407 50%
A Incidence is 20T 31% In TBI

I Independent predictor of mortality, worse outcomes
(Holland MC, et al. J Trauma 2003;55:106-111)

A Etiology
I Sepsis/SIRS - Inhalation injury
I Pulmonary Trauma - Drug toxicity
I Aspiration - Pancreatitis

I *Transfusions (TRALI)
A Contributing factors: vasopressors, high Vt

UC Neuroscience Institute



Transfusion Related ALI (TRALI)

A Definition (2003)
I New occurrence of acute onset ALI (hypoxemia, CXR w/

bilateral infiltrates, no evidence of left atrial hypertension)
emerging during or within 6 hours of end of transfusion

I No alternative ALI risk factors
A Incidence rates per RBC unit = 1:5,000

A The number of TRALI-related fatalities reported has
steadily risen from 1995

I Now the most frequently reported cause of transfusion-
related death

Toy & Lowell. Best Prac Res Clin Anaesthesiol 2007;21:183-93




Portable |

SUPINE |

Patient transfused with 1 U PRBC @ 2400
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TRALI

Developed sudden increased O? requirements

SUPINE L

Portable
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Pearls: Transfusions after TBI

A The concept that maintaining a HCT > 30% after TBI
has little empirical supportive evidence.

A There is clear evidence that blood transfusions have
an adverse impact on outcome.

Therefore present recommendation should be:

A
A
A

Do not transfuse if Hgb > 9

Do transfuse if Hgb < 7 g/d

~or Hgb between 717 9 g/d
should be based on physio

g/dL

_ transfusion triggers

ogical parameters

I Volume status, hemodynamic state, EKG, cardiovascular

disease, PbtO?
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Indications for ICP Monitoring

A Level II:

ICP should be monitored in all salvageable patients with a
severe TBI (GCS 31 8 after resuscitation) and an abnormal
CT scan (including signs of swelling, herniation, hematomas,
contusions, or compressed basal cisterns).

A Level IlI:

ICP monitoring is indicated in patients with severe TBI with a
normal CT scan if two or more of the following on admission:
1. age over 40 years
2. unilateral or bilateral motor posturing

3. systolic blood pressure (BP) < 90 mm

Risk of increased ICP > 5071 60% with above risk factors

UC Neuroscience Institute



Pearls: How Long to Monitor?

A Retrospective review, prospectively collected data
ooking at ICP patterns in 77 severe TBI patients

A Results
| 4 patterns:

1. early (in 72 hrs)
{ 2. late (after 72 hrs; 17%)

3. bimodal (early increase, resolves, 2" rise after 72 h)
4. continuous
I Peak swelling: day 7 for 0
I Contusion enlargement on 24 hr follow-up CT in 44%

O6Phel an KH, et al . Newtld ocrit Care 2009: 10
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ICP Treatment Threshold

A Level II:
Initiate treatment with ICP thresholds > 20 mm Hg.
Note: Although sustained episodes of ICP > 25 mm Hg

are associated with - mortality & poor outcome this
should not be used alone, as prolonged (> 96 hours)

elevations can still have favorable outcomes in up to 38%.
A Level Ill:

A combination of ICP values, clinical & brain CT findings
should be used to determine the need for treatment.

A Practical Pearl:
ICP 207 25 mm Hg is acceptable if other parameters are
maintained

UC Neuroscience Institute




CPP Thresholds

A Level II:

Aggressive attempts to maintain CPP > 70 mm Hg with

fluids and pressors should be avoided (risk of ARDS 15% vs
3.3%; Robertson CS, et al. CCM 1999,27:2086-95)

A Level lll:

CPP <50 mm Hg should be avoided.

The CPP value to target lies within the range of 50 1 70
mm Hg. Patients with intact pressure autoregulation
tolerate higher CPP values.

Ancillary monitoring of CBF, SjvO2, PbtO2, cerebral
oxygen extraction or lactate production, and cerebral
metabolism can facilitate CPP management.

UC Neuroscience Institute




Brain Oxygen Monitoring &
Thresholds*

A Level IlI:

Jugular venous saturation (< 50%) or brain tissue oxygen
tension (< 15 mm Hg) are treatment thresholds

Jugular venous saturation or brain tissue oxygen tension
measure cerebral oxygenation

Notes:

1. Current evidence suggests that episodes of desaturation
(SjO? < 50-55%) are associated with worse outcomes &
high extraction (AJVO?) is associated with good outcome.

2. Low values of PbtO? (< 10-15 mm Hg) and the extent of
their duration (greater than 30 minutes) are associated
with high rates of mortality.

UC Neuroscience Institute




ICP Treatments in the Guidelines

A Intubation V
A Sedation/Analgesia
| Barbiturates
A Hyperosmotic therapy
A Hyperventilation
I Mild (pCO?=307 35)
I Moderate (pCO?% =257 30)
A Hypothermia
A SEQ)ds

A Decompression

UC Neuroscience Institute




Anesthetics, Analgesics, &
Sedatives**

A Level II:

Prophylactic administration of barbiturates to induce
burst suppression EEG is not recommended.

High dose barbiturate administration is recommended to
control elevated ICP refractory to maximum standard
medical and surgical treatment. Hemodynamic stability
IS essential before and during barbiturate therapy.

Propofol is recommended for the control of ICP, but not
for improvement in mortality or 6 month outcome. High
dose propofol can produce significant morbidity (PRIS).

UC Neuroscience Institute




Pearls: Anesthetics

A Short acting agents become long acting with time
I Narcotics: morphine, fentanyl

| Sedatives: diazepam, midazolam, propofol* (PRIS);
remember effect on BP & CPP

| Paralytic agents: vecuronium, cistacuronium; use
sparingly, document time given, Train of 4

A Propofol Infusion Syndrome
I Greatest risk in children and young adults

I Associated with high doses (>4 mg/kg per hour / >67
ug/kg per minute) & long-term (>48 hours) use

I Characterized by severe metabolic acidosis,
rhabdomyolysis, hyperkalemia, lipemia, renal failure,

hepatomegaly, and cardiovascular collapse.
I Monitor triglycerides

UC Neuroscience Institute



Pearls: Barbiturates

A Do not use prophylactically
I Hypotension, hypoxia & secondary ischemia
I No benefit on GOS at 1 year
A Refractory ICP elevations
I Lower mortality rates, better outcome if respond
I Trial test dose for response
A Pentobarbital used most often:
I Loading dose = 10 mg/kg over 30 minutes
I Maintenance = 1 mg/kg/hr infusion
I Need an EEG to monitor (issues in brain death)
I Contraindicated in hypotensive patients

UC Neuroscience Institute



Hyperosmolar Therapy

A Level II:

Mannitol is effective for control of raised intracranial pressure
(ICP) at doses of 0.25g/kg to 1g/kg body weight. However,
arterial hypotension should be avoided.

A Level IlI:

Restrict mannitol use prior to ICP monitoring to patients with
signs of transtentorial herniation or progressive neurological
deterioration not attributable to extracranial causes.

Note: Data on hypertonic saline still limited




Mannitol for ICP

Effects:
A Plasma expander - ® hematocrit, = blood flow, -
cerebral oxygen delivery

A Osmotic effect delayed for 15 to 30 minutes while
gradients established between plasma and cells

I nopeni ng- onanniBlBdumulation - reversed
osmotic shift - - brain osmolality - exacerbates ICP by

- brain edema = Rebound ICP
A Never subjected to randomized, placebo-controlled
trial in TBI
A Never had a dose i response curve established

UC Neuroscience Institute



Mannitol Dose Response

A Retrospective; n = 28; continuous ICP collection

I 20 patients got a total of 85 doses of 50 gm; 18 patients
got a total of 50 doses of 100 gm

I Average ICP when treated: 22 +/- 10.6 mm Hg

A Results

I 071 30 min: fell immediately & continued to fall to 15.7
=/- 8.1 mm Hg for both doses

I 100 min: 50 gm = 18.6 +/- 7.6 vs 100 gm = 14.2 +/- 6.7
(p=0.001)
A Conclusion
I Dose dependent changes
I Higher dose effects are more durable

Sorani MD, et al. J Neurotrauma 2008:;25:291-8 : :
UC Neuroscience Institute




Hypertonic Saline

A Establishes osmotic gradient

A Volume expander w/ minimal renal effects, thus
maintains MAP

A Less tendency to cross BBB than mannitol, thus
less rebound cerebral edema

A Vascular endothelial effects may reverse
vasospasm & related hypoperfusion

A Modulation of inflammatory response
I ®WBC adherence, migration & prostaglandin production

A NMDA receptor effects

UC Neuroscience Institute



HTS in TBI

A Limited studies to date with small numbers

A Resuscitation fluid
I 7.5% HTS with or without dextran
I Increased survival in TBI patients

A ICP control

I Early or as rescue therapy

I Variable concentrations (1.7% - 29.2%)

I Bolus therapy or continuous infusions

I Goal: Na* levels of 14571 160

I Results generally show a ® in ICP as Na* rises

A Pearl:
I pick a method, work w/ your pharmacist, stay consistent

UC Neuroscience Institute




Mannitol vs HTS (7.5%)

A N=12; severe TBI with refractory ICP treated with
I Mannitol (25%, 0.75 g/kg) or HTS (7.5%, 250 ml)
A Results: 42 episodes treated: mannitol (n=28); HTS (n=14)

ICP (mm Hg) Mannitol HTS P value
Baseline 29+ 8 27 + 8 0.40
30 min 21 +8 17 +7 0.15
60 min 23 + 12 15+ 6 <0.001
120 min 24 +9 15+5 <0.001
CPP (mm Hg)

Baseline 60 + 17 63 + 15 0.56
30 min 71+ 16 78 + 18 0.32
60 min 67 + 20 76 + 16 0.05
120 min 65 + 19 76 + 17 0.02

Oddo, et al. INNP 2009; Mar 16 epub

UC Neuroscience Institute



Mannitol vs HTS effect on PbtO?

T Hypertonic saline
40 -~
-/
»5 Mannitol
20 4 L

0 30 60 120 time (min)

PbtO, (mm Hg)
LFe
N
|

Oddo, et al. INNP 2009; Mar 16 epub BC Mosssriance lnstiiute




Mannitol vs HTS (23.4%)

A Retrospective; severe TBl w/ mean ISS 28 + 11

I n=22; 210 doses of mannitol (n=102) or HTS (n = 210)
A Data assessed for 60 minutes after infusion

I ICP; ICP reduction after treatment; CPP

I Serum sodium, osmolality, & dose response
A Results

I HTS patients had significantly higher ICP at start of
therapy (31 vs. 28 mm Hg). CPP similar.

I Mean ICP reduction was greater with HTS (9.3 vs. 6.4
mm Hg; p = 0.0028)

I More responded to HTS (93% vs. 74%; p = 0.0002).
I No difference in the duration of ICP reduction
I No adverse events identified with either

Kerwin AJ, et al. J Trauma 2009:67:277-82

UC Neuroscience Institute



UC Continuous Infusions
HTS Protocol

A Protocol designed using 3% NacCl for ICP control

| Goal serum Na* = 14571 155 mEg/L

| Baseline based bolus then continuous effusion adjusted
every 6 hours

A Retrospective study for safety & efficacy
I N =41 pts (34 sTBI, 3ICH, 2 SAH, 1 CVA, 1 tumor)
I 80% males; Median age = 38 (Range 1571 68)
I Median GCS =7
A Median # of rescue interventions for = ICP was 2.0
I Mannitol, hyperventilation (pCO? < 35), surgery
A No adverse events were noted

Sangha & Shutter. Am Coll Clin Pharm Research Forum 4/06 UC Neuroscience Institute



Hyperventilation

A Level II:

Prophylactic hyperventilation (PaCO? < 25 mm Hg) is not
recommended. (Muizelaar JP, et al. J Neurosurg 1991;75:731-739)

A Level IlI:

Hyperventilation is recommended as a temporizing measure
for the reduction of elevated intracranial pressure (ICP).

Hyperventilation should be avoided during the first 24 hours
after injury when cerebral blood flow (CBF) is often critically
reduced.

If hyperventilation is used, jugular venous oxygen saturation
(SjO?) or brain tissue O2 partial pressure (PbtO?)

measurements are recommended to monitor oxygen delivery.

UC Neuroscience Institute




Hyperventilation Pearls

A Start out w/ normocapnia (pCO2 3571 40).
I Hypocapnia induces vasoconstriction, thus ® CBF

I CBF already compromised (esp in 15t 24° after injury),
thus can worsen ischemia early

A Therapeutic hyperventilation (pC0O2 301 35 mm
Hg) may be beneficial for acute ICP elevations

| Use with CBF monitoring (SjO?, PbtO?)

I After 107 20 hours, arterioles re-dilate causing a
rebound increased CBF/CBV & ICP

UC Neuroscience Institute




Prophylactic Hypothermia**

A Level Il

Pooled data indicate that prophylactic hypothermia is not
significantly associated with decreased mortality when
compared with normothermic controls. However,
preliminary findings suggest that a greater decrease In
mortality risk is observed when target temperatures are
maintained for more than 48 hours.

Prophylactic hypothermia is associated with significantly
higher Glasgow Outcome Scale (GOS) scores when

compared to scores for normothermic controls.
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Induced Normothermia

A Comparative cohort study; n = 42
I Normothermia (36 1 36.5° C) by endovascular device
I Historical sTBI controls w/ fever & conventional therapy

I End points: Fever (rectal temperature > 38° C) and ICP
In first 72 hours

Treatment | Historical
p value
Group controls
Fever burden (%) 1.6 10.6 0.03
Mean ICP (mm Hg) 12.74 16.37 0.027
% time ICP > 25 2.3 9.4 0.03

Puccio AM, et al. Neurocrit Care 2009;11:82-87 : :
UC Neuroscience Institute




Steroids

A Level |

The use of steroids is not recommended for improving
outcome or reducing ICP. In patients with moderate or
severe TBI, high dose methylprednisolone is associated
with increased mortality and is contraindicated.

Notes:

1. CRASH trial (10k pts) showed increased mortality.
(Lancet 2004; 364:1321-28)

2. Detrimental systemic effects: shown to cause
hyperglycemia, - infections, other complications

UC Neuroscience Institute




Antiseizure Prophylaxis

A Level II:
Prophylactic use of phenytoin or valproate is not
recommended for preventing late posttraumatic seizures.

Anticonvulsants are indicated to decrease the incidence of
early PTS (within 7 days of first drug administration).

However, early PTS is not associated with worse outcomes.
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Post Traumatic Seizures

A Definitions of seizures
I Immediate: occurs in 15t 24 hours
I Early (EPTS): occurs in days 1-7
I Late (LPTS): occurs more than 7 days after injury

A Risk Factors

I GCS<8 I Intracranial hematoma

i Non-reactive pupil ASubdural

i Age extremes AContusions (bilateral)
i ETOH I Dural penetration

i Early sz (delayed) I Depressed skull fx

I > 7d before following I MLS >5 mm

Temkin et al, Epilepsia 2003; Frey, Epilepsia 2003;

Englander et al, Arch Phys Med Rehab 2003 : :
UC Neuroscience Institute




Incidence of EPTSzZ

A Peak incidence in initial 48 1 72 hrs
I high risk period up to 1 week
A Incidence using continuous EEG in TBI patients
(all with therapeutic anticonvulsant levels)
1. 94 patients with GCS < 12; 21 (24%) had seizures.
I Non-convulsive in 57%
2. 51 TBI patients; 9 (18%) had seizures.
I All were non-convulsive.
3. 46 severe TBI patients; 8 (17%) had seizures.
I All were non-convulsive

1. Vespa PM, et al. J Neurosurg 1999;91:750-60
2. Claassen J, et al. Neurology 2004; 62:1743-1748
3. Szaflarski J, et al. Neurocrit Care 2010;12:165-72

UC Neuroscience Institute




Do Seizures Matter?

A Prospectlve monitoring; retrospective data analysis.

20 mod - severe TBI (GCS = 3i 13)
Continuous EEG & microdialysis for 7 days after injury.

"~ Seizures occurred in 10 (SE in 7)
" Patients were compared with a matched cohort of TBI

patients without seizures.

A Results Patients with PTSz had:

" Episodic increases in ICP (22 vsv 13 mm Hg; p <.001)
and L/P ratio (49 vs. 24; p < .001)

Higher mean ICP (18 vs. 12 mm Hg; p <.001) and L/P
ratios (39 vs. 27; p <.001)

ICP & L/P ratio elevations for > 5 days (p < 0 .02)

Vespa PM, et al. CCM 2007;35:283tB36

UC Neuroscience Institute
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Do Seizures Matter?

A Prospective monitoring; retrospective data analysis.
I 10 mod - severe TBI (GCS = 3i 13)
I Continuous EEG & MD for 7 days after injury.
| Seizures occurred in5 (SE in 7)
I MRl onday 7 & at 6 months

A Results in pts with PTSz:
I ICP elevations & MD markers of cellular distress
I 1St ADC & GRE images: no primary hippocampal injury
I MRI @ 6 months:
Aglobal atrophy = 7.8 + 4.4%
Ahippocampal atrophy = 32% vs 10% (p<0.001)

Vespa PM, et al. Abstract!™NCS Meeting, 2007 : .
UC Neuroscience Institute




AED Pearls

A Phenytoin is commonly used

I Impaired liver or renal function & low albumin can
Impact on levels

A Other agents are available

I Levetiracetam: activating AED that may have fewer

side effects than PHT (Szaflarski JP, et al. Neurocrit Care.
2010:12:165-72)

A Consider selection of medication based on side
effect profile
I Agitation: avoid LEV
I Sedation: avoid PHT

UC Neuroscience Institute




Case Presentation

61 yo M presents after Taken to OR for
a fall with a GCS of 14 decompression

UC Neuroscience Institute



MRI

Pt localizing
3d post injury
AEDs stopped

CT

4d post injury
Pt now only withdrawing
iIntermittently

ience Institute



EEG @ 19:30
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EEG @ 21:00:01
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EEG @ 21:00:50
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EEG @ 21:45:15
Given ativan, then loaded with LEV 1000 mg bid
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EEG @ 21:47:04
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Infection Prophylaxis® <.

-

A Level II:

Peri-procedural antibiotics for intubation should be
used to reduce the incidence of pneumonia. However, it
does not change length of stay or mortality.

Early tracheostomy should be done to reduce
mechanical ventilation days. However, it does not alter
mortality or the rate of nosocomial pneumonia.

A Level Il

Routine ventricular catheter exchange or prophylactic
antibiotic use for ventricular catheter placement is not
recommended to reduce infection.

Early extubation in qualified patients can be done without
Increased risk of pneumonia.

UC Neuroscience Institute



DVT Prophylaxis**

A Level IlI:

Graduated compression stockings or intermittent
pneumatic compression (IPC) stockings are
recommended, unless lower extremity injuries prevent
their use. Use should be continued until patients are
ambulatory.

LMWH or low dose unfractionated heparin should be used
In combination with mechanical prophylaxis unless the
patient has CT evidence of ICH.

There is insufficient evidence to support recommendations
regarding the preferred agent, dose, or timing of
pharmacologic prophylaxis for DVT.

UC Neuroscience Institute




DVT Prophylaxis after TBI

A Retrospective study, 64 patients w/ severe TBI
I Two groups:
AEarly: within 72 hours of admission (n=47)
AlLate: after 3rd day of hospitalization (n=17)
| CTs to assess for intracranial bleeding
I Results:
ANo - in intracranial bleeding; Same VTE rates

A Prospective, observational study, 150 patients w/
hemorrhagic TBI lesions treated w/ enoxaparin @ 24 hrs

I CTs at admission, 24 hours later and prn
I Results:

A23% had worsening on CT; 19% worsened before, 4%
worsened after enoxaparin (no deaths)

ADVT identified in 2 of 106 patients.

Kim et al. J Trauma. 2002;53:38-42;

Norwood et al. Arch Surg. 2002;137:696-701 ! :
UC Neuroscience Institute



Nutrition

A Level ll

Patients should be fed to attain full caloric
replacement by 7t day post-injury.

Notes:

1. Fluids: Start with NS (no dextrose), aggressively
treat low Na. Avoid hypovolemia (has been
associated w/ worse outcomes)

2. Glucose control: Early hyperglycemia has been
associated with poor outcomes.

UC Neuroscience Institute




Nutrition in TBI

A Retrospective review; prospectively collected
multi-center data (n = 797)

I Assessed calories fed per day. Controlled for age,
GCS, hypotension, pupillary status, CT scan findings

I Delayed nutrition increased mortality.

ANot fed within 5 days = 2-fold & 7 days = 4-fold
Increase.

I Amount of nutrition in first 5 days was related to death

AEvery 10 kcal/kg decrease in caloric intake
associated with a 30 T 40% increase in mortality

Hartl R, et al. J Neurosurg 2008;109:50-6

UC Neuroscience Institute



Glucose Control

A Intensive glucose control in severe TBI (n=63)

I Reduced mean & max ICP (p=0.003; <0.0001); fewer
seizures (p<0.0001); similar mortality, higher Karnofsky
scores at 6 & 12 mOS (van den Berghe et al. Neuro 2005;64(8):1348-53)

A Loose vs tight control in severe TBI (n=47)
I Tight control decreased cerebral glucose by 70% vs 33%.

I Other signs of cellular distress:— glutamate, L:P ratio &
global O? extraction (vespa PMm, et al. Crit Care Med 2006;34:850-856)

A Loose vs tight control in TBI (n=228; GCS 37 15)
I 2 time periods: 90-144 mg/dl compared to 63-117 mg/dI

I Lower glucose - ICP in 1st wk (P < 0.001) & - mortality in
15t 2 wks (25% vs 19%; NS) (Meier R, et al. Crit Care 2008;12:R98)

Pearl: Goal glucose =801 140 mg/dl
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Sodium

A Hyponatremia incidence = 9% .

I Syndrome of inappropriate secretion of antidiuretic
hormone (SIADH)

I Cerebral salt wasting (CSW)
AElevated levels of circulating natriuretic factors
I Correction of should be done over 24 - 48 hours
ASIADH: restrict fluids; CSW: give salt

A Hypernatremia is relatively uncommon
I Diabetes insipidus (DI)
AWater replacement; Desmopressin (2 to 4 £Q)
| latrogenic causes

UC Neuroscience Institute




SIADH vs. CSW

Parameter SIADH CSW
Serum Na ® ®
Serum osm ® NI - =
Urine Na = =
Urine out ® =
Vol status NI ®
Body wt = ®
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Preparations for Rehabilitation

A Extubation requirements
I Can they oxygenate, ventilate, & protect their airway?

A Surgical procedures
I Tracheostomy early once ICP stable
ARequires: PEEP < 8, FiO2 < 50%, & able to lie flat
I PEG may be needed; IVC filters usually not

A Dysautonomias
I Paroxysmal = in HR, RR, Temp, BP, tone, sweating
I Treatment: b-blockers, clonidine, dopamine agonists
A Rehabilitation specialties early
I PM &R, PT, OT, Speech; mobilize patient

I Psychostimulants: Methyphenidate, dopamine agents,
modafinil, caffeine

UC Neuroscience Institute
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Improvement In Adherence To TBI
Guidelines In US Trauma Centers

Methods: Survey; 413 trauma centers that admit severe TBI.
Good adherence was defined as adherence to the median
number of guidelines (median=6, interquartile range 5-7).

Results: Good adherence was predicted by Level | trauma
center designation & presence of treatment protocols.

Conclusions: Adherence to evidence based guidelines for
severe TBI has improved since 1991. Directing patients with
severe TBI to Level | and Level |l trauma centers with
treatment protocols will improve outcome for these patients.

Hesdorffer & Ghajar. J Trauma. 2006;60:1250-6
UC Neuroscience Institute




Improvement In Adherence To TBI
Guidelines In US Trauma Centers

100 - B 1991 survey
90 -~ «| ™ 2000 survey

80 - B8 2006 survey
70 A

60 -
50| @
40 -
30
20
10

ICP insertion Steroids

1991 | 2000 | 2006 p value
Routine ICP monitor 32% | 51% | 77% | p<0.0001
No steroids 418% | 52% | 86% | p<0.0001
Failure to follow guidelines 67% 35%
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NYS TBI Mortality by Year
(2000-2008)

30%
25%
25% 23% 239, 23%
20% 21%
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15%
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5%

ﬂﬂll.na i - - - - -
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Year

20+ Level 1 Trauma Centers

fR Hartl, Weill- Il Medical [l . 3
Courtesy of Roger Hartl, Weill-Cornell Medical College UC Neuroscience Institute
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difference In patient outcome?

J Trauma 2001

J Trauma 2001

J Trauma 2004

Crit Care Med

€

2002
37/56 43/119 219/188 106/74
1 1 1 33

Rapid resusc, CPP >
70, ICP < 20, CVP 5-

Multidisciplinary
pathway focussing

Rapid resusc, CPP
> 70, ICP<20,CVP

Comparision of
"aggressive"

19’ PCWP 5-10, on organisational 7-13, PCWP 10-18, (36%) vs. "non-
SjVo2 55-75%, . —
aspect of patient Cl> 2.8, pCo2 30- aggressive
pCo2 35 mmHg,
. management 35 mmHg centers
early nutrition
At 6 months At discharge At discharge At discharge
43% 39 18 45
16% * 47 n.s. 11~ 27*
ICU days ICU days ICU days Hospital LOS
21 21 10
22 ns. 17 * 7% reduced by 6

days *
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Effects of Guidelines

A Community hospital setting
I Developed guideline based standardized TBI protocol
I Two groups, pre-guideline = 37; post guideline = 56
A Results / Conclusions

I Implementation of protocol resulted in a 9.13 times higher
odds ratio of a good outcome

I Hospital charges increased

I Dedicated neurotrauma team and comprehensive
treatment algorithms are critical elements

Group GOS 1 GOS 2&3 | GOS 4&5
Pre-TBI Guidelines | 16 (43%) | 11 (30%) 10 (27%)
Post-TBI 0 0 0

Guidelines 9 (16%) 8 (14%) 39 (70%)

Palmer S, et al. J Trauma 2001;50:657-64
UC Neuroscience Institute




Impact of Guidelines on Costs

BTF Compliance and Estimates of Lives Saved

High Compliance
3,807 Lives saved 4376

4,500
4,000 \

< 3,500

@ 3.000 50% Compliance

- L] N

ﬁ 2'5['0 1,305 Lives saved 2004
0 2,000

5 1,500 ‘Gurrent State|

1,000
500

30 40 50 60 70 80
Percent Compliance

Tahle 3 Overall Cost Savings and Lives Saved Resulting From Adoption of BTF Guidelines—Costs per Person

Deaths Direct Medical Costs Rehabilitation Costs Societal Costs Implementation Costs Total Costs
BTF adoption 3,466 $ 49,607 $ 2,751 $ 165,876 $2,618 $ 220,853
Current state 7,073 $ 60,887 $ 4,618 $ 330,827 $0 $ 396,331
Difference 3,606 $ 11,280 $ 1,866 $ 164,951 ($ 2,618) $175,479

Calculated medical costs probabilities are subject to rounding errors.

Faul M, et al. J Trauma 2007:63:1271-8 UC Neuroscience Institute




Final Thoughts

A Guidelines are just that T guidelines
I Explain / document your reasons to vary
A Standardized care does improve outcomes
IF0Al gori thmé for care must b

A Role of advanced monitoring
I Options (PbtO2/CBF/cEEG/ECo0g), indications & duration

A What about mild / moderate injuries?
A Predicting outcomes

A Mo d ednrot reliably predict outcome for individualse i t
Important to continue to acknowledge, as did physicist Niels
Bo hr , predicter is vary difficult, especially about the

future. ©
Menson & Harrison. Prognostic modeling in traumatic brain injury. BMJ 2008;336:397-8
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Moderate & Mild TBI

A6Complicateddo Mild & Mo
I Abnormal CT with a CGS of 9-13 or 14-15

A Complicated moderate will behave like a severe
Injury
I Agitation may be a sign of clinical worsening
I Role of seizure prophylaxis is unclear

A Moderate injury can deteriorate
I Need for close observation

A Complicated mild will behave more like a
moderate injury

A Concussion = mild TBI

UC Neuroscience Institute




concussions

A Increased awareness due to military conflict &
football related injuries

I Concuteraint o shake violentlyo

I Concussusinaction of stri king t
A Most common type of traumatic brain injury

I Mild brain injury

I Mild traumatic brain injury (mild TBI)

I Mild head injury (mild HI)

I Minor head trauma

UC Neuroscience Institute



Epidemiology

A 1.7 million TBIs treated per year in U.S.
I 70 - 90% = mild TBI
A 1607 375 per 100,000 persons per year

I Many not treated at hospitals
I True rate is likely > 600/100,000 persons

A 300,000 mild TBIs per year in all sports

I Athletes with 1 concussion are at increased risk for
another concussion

I Children and teens are more likely to get a concussion
& take longer to recover than adults

A But per the CDC the number of concussions per
year Is over 3.5 million

UC Neuroscience Institute



Definition
A No standard definition exists
Il How do you recognize 1t 1f
A 2 problems
I Mild TBI
I Mild TBI-related impairment and disabilities

A Trauma-induced alteration in mental status that
may or may not involve loss of consciousness

I Confusion and amnesia are hallmarks

* 1997
AMERICAN ACADEMY OF

NEUROLOGY




Which sport had most mild TBIs?

Boyso Sports Girl sO0O Spo
I Football I Soccer
I Wrestling | Basketball
I Soccer I Softball
| Basketball | I Field Hockey
| Baseball I Volleyball

UC Neuroscience Institute




Concussion Long Term Effects

A 6 former NFL players all who
died in the 40s had post-
mortem brain examinations
I 1indrug overdose
I 3 with depression
I 1 with suicide

A Found to tangles resembling
Al zheil mer 0s

A Chronic Traumatic
Encephalopathy

UC Neuroscience Institute




Management

A Rest (both physical and mental)
I Keep out of games/practices
I Adjust school class work and homework
A Education
fUse terms such as nbrain 11
I Helps with compliance with treatment regimen
I Reduces incidence of post concussion syndrome
A Decide when and how to return to sport
| Baseline testing
| Stress testing
| Stepwise re-entry
A Management of persistent symptoms

UC Neuroscience Institute




OBI omar ker s 6

A Key Aspects
I Specific to CNS
| Blood assay

I Indicates injury severity

I Predicts prognosis
I Early indicator of secondary injury

A Serum / CSF
I NSE, S100B, GFAP, IL-6, UCH-L1
I Tau, Orexin, BOXes
I Research is typically part of other studies

UC Neuroscience Institute




OBI omar ker s 6

A Imaging
I Fluid Attenuated Inversion Recovery (FLAIR)
I Diffusion Weighted Imaging (DWI)
I Susceptibility-Weighted Imaging (SWI)
I Magnetic Resonance Spectroscopy (MRS)
I Diffusion Tensor Imaging (DTI)

UC Neuroscience Institute




Cortical ADC and DWI
abnormalities in TBI

DWI

Courtesy of Ramon Dia&Arrastia, MD; UTSW
UC Neuroscience Institute



Susceptibility Weighted Imaging

A Uses paramagnetic shift of
deoxyhemoglobin and
methemoglobin to make
microhemorrhages more
visible

A More sensitive than CT
and GRE seqguences

I 640% more lesions than
GRE

I 200% more lesion volume
than GRE

Courtesy of Karen Tong, MD; Loma Linda University
UC Neuroscience Institute



Correlation of SWI with
Neuropsychologic Outcome

Included in Regression Model Adjusted R? F (p value)
Model 1: SWI lesion volume 0.408 12.72 (<0.01)
Model 2: GCS/Age 0.242 6.421 (0.02)
'\fog\f\;lzlésiisvl ngne 0.528 10.51 (<0.01)
“fogjl/::inGC%f’égge 0.757 27.42 (<0.01)
Model 3: GCS/Age + Days in Coma 0.763 19.26 (<0.01)

+ SWI lesion volume

Babikian et al, Ped. Neurol. 2005:33:184
UC Neuroscience Institute




MR Spectroscopy

Sample Results:

Good Outcome Poor Outcome

NAA NAA
Cre
Cho
Cre
Cho
|
m[\w. . APy
Ratios Good Poor
NAA / Cre 1.70 1.49
NAA / Cho 2.43 1.73
Cho / Cre 0.698 0.861

UC Neuroscience Institute




MR Spectroscopy

Spectra from normal appearing brain is abnormal with
reduced NAA and increased Cho

Normal appearing brain

1 T Cho l NAA

NAA

PWM --normal

Cho Cre

Courtesy of Karen Tong, MD; Loma Linda University
UC Neuroscience Institute




Tractography Results

Control Subject Patient Acute Patient Chronic

Courtesy of Ramon Dia&Arrastia, MD; UTSW
UC Neuroscience Institute
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