TBI - Neurocritical care and medical

management

e

REE

Kim Tae Jung

Department of Neurology, Seoul National University Hospital

Contents

* Introduction

= Managements of TBI
- IiCP control
- Medical managements in NICU

* Conclusion

Epidemiology of TBI
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Epidemiology of TBI

* Trauma is the leading cause of death in young ages

* Traumatic brain injury (TBI)
= 1.6 million TBIs each year
— over 50,000 deaths per year in the United States
— overall mortality rates of 20-30% and associated with disability
— The economic impact is over 580 billion in the US alone.

TBIl in Korea

* A Multicenter Analysis Using Korean Neuro-Traurna Data Bank System
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— in high-income countries: the number of elderly people with TBI is A Pl st ™ A

increasing, mainly due to falls o ins ang # s

— low-middle income countries: the burden of TBI from road traffic ol T it 4 oot
incidents is increasing. - _ o
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Traumatic brain injury

Epidural, subdural and
Intraparanehyimal
hemorrhage

Shul fracture.

Subdural hematoma in 67% patlents with cerebral contusion.

Coma in 20-25% patients in subdural hematoma.
Fram Meursd, 2004; 3: 171

Pathophysiology of TBI
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Severity and Outcome

= (lassification of clinical severity in TBI
*  Mild TBI: GCS 13-15 {~80%) are with
*  Moderate TBI: GCS 9-12 (~10%)

*  Severe TBE: GCS 3-8 (~10%)

* Moderate to severe TBI patients: ~70% patients have disability and

death

* Computed Tomographic Classification of TBI

| | TABLE 58-3 af

lassification 1o Outcome a1 Discharge
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2017 Tasthoak of Crtical care
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Management for IICP of TBI

Bron
Trauma

Guidelines for the Management of
Severe Traumatic Brain Injury

4th Edition

Troatments
1 Decompresssve Cramiectonry
1 Prophylsctic Hypothermia
3 Hypescsmotar Thetapy
4 Cebrospinal Fiud Drainage
5. Ventilatson Therapses
& Anesthetics. Amalpesics. and Sedatives
7 Stesods
# Niton
@ Infection Propbiaxis
10 Deep Vein Thrombosss Prophrylaxis
1. Serzure Proplylais

Lontraring

12 Intracramal Pressure

13. Cerebwal Perfision Pressure

14 Advanced Cerebral Mondtoring
Thrasholds

15. Blood Pressire

16 Intracranial Pressure

17. Cerebwal Pesfiruon Pressuse

18. Advanced Cerebral Monitoring
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TBI - Neurocritical care and medical management

Lethal triad of trauma

Coagulopathy

Hypothermia “€ Metabolic
Decreased mycardial performance Acidosis

The Ermmriperey Medke i Trauna Hansbick

Intracranial pressure

Monro-Kellie Doctrine
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Elevated ICP

ICP waveform analysis
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Head position and Ventilation therapy

= Position: 30" head elevation

4 Weuregung. 1392 Feb P21 0711
= Ventilation therapy (hyperventilation)
* Hyperventilation — Decrease PaCO2 — Vasoconstriction —
decrease CBY — decrease ICP
* Prolonged prophylactic hyperventilation: hypoxia and aggravate
ischemic damage — a few hours (~4-6 h) with PbO2 monitoring
+ Partial pressure of carbon dioxide in arterial blood (PaCO2): 25 -30
mm Hg

Decompressive Craniectomy

+ Decompressive craniectomy: relieving
elevated intracranial pressure with
autcome improvement in severe TBI
with aggravating neurological
symptom

* Bifrontal decompressive craniectomy
to control ICP
— InSevere TBI patients with ICP = 20 mmHg
—  Bifrontal decompressive craniectomy (DC)
is better than standard ICL management
for good outcome 7

Severe TBI with herniation

Bifrontal decompressive craniectomy

DECRA Trial: RCT of bifrontal craniectomy within 72 hours after admission vs. ICU
management for ICP > 20 after TBI [GCS 3-8). Clearly lower ICP with craniectomy.

[ ——

Betmied Gl g Dugrress Bese Bener

Figies 1. Carnaiating Pragariions of Resulis 3¢ e Extaséed Ghagow
Eucence Szle

DC group have greater risk of an unfavorable outcome [odds ratio, 2.21; 95% C, 1.14 to 4.26),
Rates of death at & months were similar in the cranlectomy group {19%) and the standard-care
group (18%). M Engt] Mesg 20111368 L093-500
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Bifrontal decompressive craniectomy

RESCUEicp Trial: RCT of DC {unilateral or bilateral) vs. standard care in TBI patients
with refractory elevated intracranial pressure (*25 mm Hg).

Suped

]
3l

| { N Engl i Mer 2005375111930
T e ——— |

Decompressive craniectomy in patients with refractory intracranial hypertension after TBI
resulted in lower lity, higher rates of state, and lower severe disability,. But,

Bifrontal decompressive craniectomy

* Bifrontal DCis not recommended to improve outcomes in severe TBI
patients with diffuse injury (without mass lesions), and with ICP elevation
(Ice > 20mmHg).

* The treatment of DC target goal ICP < 20 mm Hg is wrong goal.

*  Monitoring for IICP control
— Cerebral perfusion pressure (CPP): pressure gradient across the cerebral vascular bed,
between blood inflow and outflow {CPP = MAP- ICP)
— Cerebral autoregulation: maintenance of cerebral blood flow (CBF) over a wide range of
CPPs : Pressure reactivity index {PRx) and RAP index
— Brain tissue cxygenation
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Targeted temperature management
(Hypothermia)

Mechanism of TTM for t

* Reduction in cerebral metabolism
(CMRO2) by approximately 6% per
1°C: Less oxygen and glucose
consumption

* Promotion of cerebral
vasoconstriction: Decreased ICP and
brain edema

* Protection of neuro-vascular injury:
Decreased ischemic cascade,
especially inflammation response,
decreased vascular permeability

Mmercpharmacslomy. 2058 May 15:L14{7% 1]:303-300.

Targeted temperature management
(Hypothermia)

Very early hypothermia induction in patients with severe

brain injury (the National Acute Brain Injury Study:

Hypothermia Il): a randomised trial

= RCT of hypothermia (33°C) vs. normothermia within 2.5 hours after severe
T8l and Maintained for 48 h

Lonces heurcd 201; 40 133-38
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This study did not shaw the utility of hypoth
with severe traumatic brain injury.

ia as a primary il tive strategy in patients

Targeted temperature management in TBI

Induction time of TTM

Early, short-term, and prophylactic hypothermia is not recommendad to improve
outcomes in patients with diffuse injury.

= However, traumatic brain injury patients with elevated intracranial hypertension could

benefit from hypothermia in therapeutic management instead of prophylaxis when

initiated within 24 h i Cane: 2018 Dec 52011385

Hyperosmolar therapy

= Osmotic agents: control brain edema and IICP
+  Pulls free water across the semipermeable membrane of the blood-brain barrier (BEB).

»  Osmatic agent: mostly stays in serum and raises serum osmalality compared to the
osmolality in brain.

* Mannitol (peripheral line and central line)
*  Osmatic diuretics: sugar or sugar alcohol

* Duration: 6-8 hours

= Action time: 15 min after injection

+  Osmotic diuresis and AKI

= Hypertonic saline (central line)

* Generally comes in 3%, 7%, and 23.4%

*  Number of osmoles similar: 1,000 mL 0.9% = 250 mL 3% = 30 mL 23.4%
* May be given as a bolus (23.4% or 11.7% in Korea)

*  Notan osmotic diuretic (mannitol)
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TBI - Neurocritical care and medical management

Mannitol & Hypertonic saline Monitoring and Complications
q - T
g cv. - Yo
Sedium Chloride Sodium / j -
Concentration Osmuolarity Concentration Erl n
%) (mOsmvL) (mEg/L} R EEEEEIE T T T T ITITE
a9 308 154 - - F
;:"’I ][fr_:i %.\Iji *  Moenitoring Osmolar gap (0G) during mannitolization: estimating mannitol
75 2566 1283 concentration
10,0 1424 1712 = o
[ Zis - o0 1 Actual serum osmaolarity — Calculated serum osmelarity [ <55 mOsm)

For comparisan, the osmolarity of 20% mannital i 1098 mOsm/l_

= Calculated serum osmalarity: 2Ma + BUN/2.8 + glucose,/18
= Not stopping based on serum osmolarity

) _ e Table 3. Avciding Advarse Ellaces of Camatic Agents
Mannitol dose: 0.5g/Kg l.SgIthlng%} = - TR
— <0.5g/Kg dose: less effect of controlling ICP (20%) —— P e —
* InKorea: 11.7% NaCl: 40mEq/20cc - 60cc IV shooting [NACLAIP] sy e e il S s i A
Hypokales L Add pemsius o fluids
[ Citzurrant voiuss resuciation -

Garcis-Morales EL o2 ol Drit Care Macl 2004 3214835591
Wiraae HE, et 3 | Inensien Carm Med. 2013 28011315

Steroid in TBI Steroid in TBI

Arsbyui 1.5, Camparioan 4 Ary stsroid sdralalibared bs any doan

Final results of MRC CRASH, a randomised placebo-controlled
trial of intravenous corticosteroid in adults with head injury—
outcomes at 6 months aree 2005 163 1957-58

* Randomly allocated 10 008 adults with head injury and a Glasgow Coma

Scale score of 14 or less within 8 h of injury * The use of steroids is

not recommended for
improving cutcome or
reducing ICP.

* 48-hinfusion of corticosteroid {methylprednisolone, 2g loading over 1 and
0.4g maintenance dose/h) vs. placebo.

* In severe TBI patients
high dose
methylprednisolone
was associated with
increased mortality
and is contraindicated.

Sralyy 13, Comparisan 1Ay sinioié sdmbviatar

Steroids increased mortality and poor outcome after TBI,
CochrarefConabase Syt Rev, 2005 Jan 25| L1CDO00L 5,

Sedatiomand Analgesic Target blood pressure in TBI

* Analgesics, and sedatives: prophylaxis or control of elevated ICP
*  Proper sedation

— - Light ard e sadation il ree ded 4o allow repsated rieurological evaluation: *  Maintaining SBP at = 100_ mm Hg for patients 50 to 69 years old or at 2110
—  Minimizing hypotension and decreased cardiac output which may lead to hypoxia and mm Hg or abave for patients 15 to 49 or over 70 years old may be
low CPP considered to decrease mortality and improve outcomes.
* Sedative drugs *  Target MAP 2 65 mmHg
— Dexmedetomidine: Selective a2 receptor agonist {light sedation and pain contral),
P ially significant ion and bradycardia or hypertension, 0.3 = 1.5 meg/ke/h
I 300 D 10E 1 U LA TS 1) SV 104 b
— Remifentanil: ultra-short acting opioid, prompt reversal of analgesia and sedation, chest - -
wall rigidity with higher dose, 0.03-0.25 meg/ke/min i DU M ki Sl i
_ . i i 15-40 years {n=1084] <10 Hy 3 158 165239 <00
Midazolam andlpm‘palol. deep sedation, side effect and context sensitive half-life 5060 year {n <0850 b it i 130 HEA5 ey
— High-dose barbiturate is recommended to contral refractory elevated ICP condition, 3060 year: ) < 110mm Hy W 160 L13-228 g
70 years {1+ 1336 <T10mm Hy 385 192 135-274 [}
[y — TT“ ?i‘_‘m'm" I,"wn." I“;‘?"M ‘_‘:':m"""m & Optimal 531 adjusting foe age. ender 55 = 16 and GUS <2 reference groups for age 1540 = 10mm Hgl |
b = ; - e Jioe age 30-60 (= 100t Hel e age > 70 {110 menlg]
Eaasity 1 II(-\I +
P nsducton b i i
CHF redection
1“.\::7:1 et ion 1 i i I L Injuny. BF1T Mo A1 18337
Mar m i i ! m

Tasthoat of Hpurmminesse Care
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Cerebral perfusion pressure (CPP) in TBI

* CPP is the blood pressure metric to which brain autoregulatory
mechanisms respond.

5 Wastaien peraica L f o B

g“" Abygiod * Target CPP value for survival and

i T favorable outcomes: 60 and 70 mm

X hypopestuston i Hg [at least above 50 mmHg)

; = F, *  Avoiding aggressive attempts to

B o _ 'm:.m maintain CPP above 70 mm Hg with

i | = e aunergie fluids and pressors related to

& 3 i i F i L respiratory failure in older patients.
P T T T T

Carabral purtseion prassare (= lig)

PP [Cerebral perfusion pressure | = MAP [mean
arterial pressure) - |CP (Intracranial pressure)

Medical managements in TBI

Arterial partial pressure of oxygen (Pa02)

+ Arterial partial pressure of oxygen (Pa02) level between 60 and 100
mmHg during interventions for life-threatening hemorrhage or emergency
NEurosurgery.

*  S5p02 < 90% (corresponding near to a Pa02 of 60 mmHg) and hyperoxia
(defined as a Pa02 > 200 mmHg) are associated with poor outcomes in TBI.

+  Avoid hypoxia (Pa02 < 60 mmHg) and hyperoxia (Pa02 >200 mmHg)

Table 3, Ellect ol Hypaxia Compared With Nosmexia
on Dnteome Measures®

Tahle &, Ellect of Hyperaria Comgared With Normnxla
on Dutcome Measures®

R (99% C1) P Valur { OR {85% 1) P Value

190-200 mm Hy

va 100-200 mm Hg.
ity

230 (138363} gt 180 (1,154 87} oot

E LEE(10-2 7! st L

HLDS 033 0.25-038) <. | oS 075 [060-0584) 01k
HCULDS (4D 025066 < 1GIA05 092 (0741 15) 46

Arch Surg. H11247|111A043- 2046

Nutrition

* Feeding patients to attain basal caloric replacement at least by the fifth
day and at most by the seventh day post-injury is recommended to
decrease mortality.

* EN supports the functional integrity of the gut

— Food in gut: activated pathogenic microorganism in the gut and
maintaining tight junctions between the intraepithelial cells

stimulating blood flow Early EN start and EN > PN

Early EN vs delayed EN in mortality

EN vs PN in infection

F018SEEM & ASTN puitelizes

Transfusion

* There are no current recommendations regarding appropriate hemaoglobin
or hematocrit concentrations in patients with severe TBI,
* The Transfusion Requirements in Critical Care (TRICC) study

— trigger for transfusion Hb = 10 g/dl group and the trigger for transfusion Hb = 7 g/dl
Eroup
—  Mortality at 30 days and 60 days

* There is no benefit of a liberal
transfusion strategy (goal, 10 g/dL)
compared to a restrictive strategy
(goal, 7 g/dL) could be
demonstrated.

Tame 3 0

Mt e b
Toikmmens oo rsama W%
s b G

* Hb thresheld of 7 g/dl is
recommended value of Hb in TBI
palytrauma patients.

W Erngh 1 Mo 1970 P LL340{ 100817,

Prophylaxis

* Infection
— Prophylactic antibiotics is not recommended for preventing infection.
= Antimicrobial-impregnated catheters may be considered to prevent
catheter-related infections during EVD.

— Early tracheostomy ( <10 days) is recommended to reduce mechanical
ventilation in severe TBI,

* Deep vein thrombosis (DVT)

= 5a% incidence of deep venous thrombosis without prophylactic treatment
and a 25% incidence in patients with isolated TBI treated with sequential
compression devices,

= Low molecular welght heparin (LMWH) or low-dose unfractioned heparin
may be used in combination with mechanical prophylaxis (after 48-72 h).

= Consider stocking and ICP in patients with increased risk for expansion of
intracranial hemaorrhage.

i 1 Severe T i = Edition.
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TBI - Neurocritical care and medical management

Prophylaxis

* Seizure
~ clinical post traumatic seizure (FTS): ~ 12%,
— subclinical seizures: 20% to 25% in EEG
— early PTS occur within 7 days of injury and late PTS occur after 7 days
following injury
— Early PTS have not been associated with worse outcomes
— Early PTS: AED for a few weeks/ |ate PTS: AED for several years

*  Prophylactic use of AED
— Prophylactic use of phenytoin or valproate is not recommended for preventing
late PTS.
— There is insufficient evidence to rece dl iracetam compared with
phenytain regarding efficacy in preventing early post-traumatic seizures and
toxicity.

i 1 Severe T i = Edition.

Neuropharmacologic therapies for recovery

+  Amantadine: act as an N-methyl-D-aspartate antagonist and indirect
dopamine agonist.

+ Amantadine for TEI: Diffuse axonal injury after TBI = Damage and death
of neurons - Associated with a reduction in dopamine release =
amantadine increase dopamine

® RCT of amarntadine therapy (100 mg bid for 14 days - 150 mg vid for 7 days —
200mg bid for 7 days vs. placebo for 4 weeks In a vegetative or minimally
conscious state 4 to 16 weeks after traumatic brain injury

™ Ergl Mec 301338801030

Good effect of amantadivg
on functicnsl outcome
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Neuropharmacologic therapies for recovery

The effects of amantadine on traumatic brain injury outcome: a double-blind,

randomized, controlled, clinical trial TRAIN INAIRY 01, VDL 32 WO B, J50-1085

* TBI patients who scored nine or lower on the Glasgow Coma Scale (GCS)

* The protocol included administration of the drug (placebo or amantadine)
for 6 week = no beneficial effect on outcome
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Conclusions

* Not recommended prophylactic DC and hypothermia after TBI
* DC and hypothermia for IICP control

* Optimal hyperosmolar therapy with monitoring

* Proper sedation for controlling ICP and pain

* Maintaining MAP and CPP for cerebral autoregulation

* Optimal transfusion (Hb < 7g/dl)

* Mot recommended prophylactic AED and antibiotics
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