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Tiép can hién dai TBI ~‘

* Initial mechanical trauma (primary injury) - delayed
pathological processes (secondary injury)

e Muc tiéu cét 18i: Ngan ngtra ton thwong nao thir phat

e Su thay d6i mé hinh: Dich chuyén tir hoéi strc theo dich ¢ dinh
(One-size-fits-all) sang hoéi strc ca thé hda (Precision
medicine).

The Lancet Neurology, 16(12), 987-1048.
runs (2003). Epilepsia 44, 2-10.
surg 130, 1039-1408.




mary brain injuries

e Occurinstantly from mechanical
forces - focal and diffuse
injuries

o Focal: lacerations, contusions,
epidural, subdural, intracerebral
hemorrhage

o Diffuse: DAI =
acceleration/deceleration forces
causing widespread axonal
shearing and stretching

Contusion/Hematoma

SAH/IVH Diffuse Swelling
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Primary Injuries
* Biomechanical damage
Is

* Injury to neuro-axonal structures
* Mechanical stress/deformation
* Stretching, compressing, and tearing of cel

Time: microseconds = seconds

4

Secondary Injuries

* Excitotoxicity

« Calcium overload

+ Impaired glucose metabolism

Post Traumatic
Energy Crisis

Oxidative stress
Mitochondrial dysfunction
Inflammation

Time: minutes > weeks /

Neuropathologies

* Neurodegeneration

* Cognitive dysfunction

« Neuropsychiatric comorbidities

Time: weeks = years
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Prevention secondary injury |

* “Surgery stops primary injury, not secondary injury”
e secondary worsen the outcome

* Post-op goals: optimize cerebral physiology is important for
recovery




WTOi wu sinh ly ndo dwa trén theo mm/’

thiee ICP, CPP, PRx, Pbt0O2,CMD = _

_



WAVEFORM ANALYSIS OF ICP
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Normal Compromised Critically Low
Compliance Compliance
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Intracranial pressure waveforms associated with individual heartbeats. Normal waveform
shows P1 exceeds P2, which exceeds P3. With compromised intracranial compliance P2
exceeds P1. With critically low compliance, P1 and P2 merge.

Liotta EM PMID 34618757




P1 = Percussion wave: arterial pulsations at the beginning.of -
systole. e
* P2 =Tidal wave: Reflects the compliance of the ventricles,
responding to increased pressure of the percussion wave.
— Usually P2 is ~“80% as tall as P1.
— If P2 > P1 this suggests poor compliance, due to elevated ICP.
* P3 =Dicrotic wave: Reflects aortic valve closure at the end of
systole.

* "mean" IBP can not reflect compliance!

-210. - DOI: 10.1097/ANA.0000000000000407



https://doi.org/10.1097/ana.0000000000000407
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Fig. 1. Cerebral compliance—pressure versus volume curve. In a compllant brain, relatively
larger changes in volume cause a small increase in ICP. As the various compartments of the
brain become full (mass lesion, edema or hemorrhage in the brain parenchyma, venous
congestion from cerebral sinus thrombosis, and hydrocephalus), however, even with the
slightest change in volume, there may be a large change in prossura. if untreated, this
may lead to intracranial hypertension and herniation. AV = Change In Volume, AP =
Change in Pressure.
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Fig. 1 Example of recording of
arterial pressure (ABP),
intracranial pressure (ICP),
cerebral perfusion pressure
(CPP), and pressure reactivity
index (PRx) in a patient after
head injury. Plateau wave of
intracranial pressure is clearly
visible reaching sustained
hypertension of over 50 mmHg;
ABP remains relatively stable
throughout whereas CPP drops.
Note low PRx values (good
autoregulation) immediately
preceding the wave and then its
increase to maximum value of 1
(totally exhausted
autoregulation) during the wave
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Physiology of plateau waves

transient (5-30 mins),
periodic severe
elevations in ICP (50-
100 mmHg)

Initial trigger may be a

ICP elevation reduction in arterial

blood sure

Cerebral vasodilation (mostly
increasing the volume of blood in
the venous compartment)

Reduced perfusion of brain
tissve.

The Internet Boock of Critical Care, amerit.org /IBCC /icp
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Home > Intensive Care Medicine > Article

Visualizing the pressure and
time burden of intracranial
hypertension in adult and

paediatric traumatic brain
injury
Original | Published: 18 April 2015 Aimsandsco 82

Volume 41, pages 1067-1076, (2015)  Cite this article Submit manuscript -

Intensive Care Medicine
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Theo d&i CPP, PRx, Autoregulation'status,
va tdi ru CBF " —

* CPP = best surrogate which we have for estimating CBF

* anisolated elevation of ICP with a good clinical exam
and adequate CPP isn't necessarily an emergency.




Cerebral blood flow (ml/100g/min)
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Optimal CPP?

o It is critical to investigate the autoregulation status before
using CPP.

« Khi autoregulation suy gidm, ting MAP dé nang CPP cé thé
lam tang CBV, tang ICP va gay phu nao;

« CPP nén duoc ca thé hod theo PRx/PbtO,/ICP thay vi mac
dinh day CPP |én cao.




ssure reactivity index - PRx

Cerebrovascular capability to react to pressure changes
(constrict to an increasing CPP, and vice versa)
Moving Linear regression ICP to ABP, 40 consecutive values

(during 8-seconds) = PRx = correlation coefficient, ranging from
-1 (intact pressure reactivity), to
+1 (impaired pressure reactivity)
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What should we change in pra
considering ICP?

When considering the ICP value, several factors may be
considered in a holistic fashion:

— "mean" ICP

ICP waveform (dominant P2, plateau waves).
ICP "dose" - time is brain

Investigate PRx, Autoregulation status, Using Optimal CPP,
instead of merely ICP

Curr Opin Crit Care . 2022 Apr 1;28(2):101-110. doi:

CC.0000000000000920.




PbtO2 + Cerebral Micro Dialysis

* nham phat hién "Thiéu mau ndo cuc b tiém an" va doi nang
lwong té bao

* md ndo bi déi oxy ( < 20mmHg) va réi loan chuyén hda nang
(tang ty |é Lactate/Pyruvate).

* (o4 thé dién ra hoan toan tham lang, khdng hé lam thay d6i
hay biéu hién qua chi s& ICP hay CPP




-
Guideline ctia SIBICC: 7

SIBICC SEVERE TBI ALGORITHM FOR PATIENTS WITH ICP AND
BRAIN TISSUE OXYGEN MONITORING




SIBICC SEVERE TBI ALGORITHM

FOR PATIENTS WITH ICP AND BRAIN TISSUE OXYGEN MONITORING
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Sleu am Doppler xuyén so trong TBI ;, )

« Phan biét co that mach mau ndo / sung huyét ndo
« Co that mach: chi van t6c dong mau déng mach canh trong so ting
~ =»can nang MAP
« Sung huyét ndo giy tang van toc ICA trong + ngoai so
— - néu ndng MAP: gdy nang hon tinh trang sung huyét n3o.
« Hypoperfusion: MCA <35 cm/s
o Vasospasm: MCA >120 cm/s
o Pl >1.56 predicted over 83% rate of poor outcome at 6 months




Y.C.H. Dokponou er al

ROC Curve: Combined
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Siéu am Doppler xuyén so trong TBI

var
« ABPACP mmhg

« CTSCAN/ONSDVICP
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~ TCDACP mmhg
- Ultrasound/ICP
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s Jrang thal dong kinh khong co gia

.......

Voo el

) Séng khir cuc lan tda (Cortical Sprea ng’
Depolarization - CSD). P

NCSE

22% TBI trung binh - ndng: co giat > tién trién thanh NCSE
lién quan truc tiép dén viéc teo hoi hai m3

NCSE lam tang ap lwc ndi so va pht ndo dm tham

yéu t6 tién lwong doc 1ap = thoi gian nam vién, ty 16 tan tat
va ty lé tir vong cao hon.

Neurology. 2010 Aug 31;75(9):792-798. doi: 10.1212/WNL.0b013e3181f07334
siol . 1999 Jul;16(4):332-40; discussion 353. doi: 10.1097/00004691-




CSD “j "

* La hién twong "sdp ngudn" dién hoc lan tda, truc tiép kich
hoat tinh trang thi€u mau cuc bd th& phat trén vo no.

« Am tham tan pha té bao n3o tirng gid ma mat thuong hay
viéc kham I1dm sang dinh ky hoan toan bat lwc va bo sét.

Lancet Neurol. 2011 Dec;10(12):1058-64.
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CSD

Quan ly CSD

* Nang CPP dé ddm bdo dong mau nudi cac vung mod dang kiét
qué.

* Kiém soat nghiém ngdt ndng dod oxy va duong huyét trong
mau.

* Sl dung cac thudc rc ché€ NMDA (nhu Ketamine) dé ngan
chan cac lan séng khr cwc nay lan rong.
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Tan suat: ~10%

RGi loan hé than kinh tw chid = cadc dot bung phat hé giao cam.
Triéu chirng: tang nhip tim, huyét ap cao, soét, vd mo hoi va co
cirng co khdng kiém sodat.

xuat hién dét ngdt dudi tdc dong clia cac kich thich rat nho
(nhu hut dom, xoay tro).

Gay ton thwong ndo th phat: Thiéu oxy, tdng chuyén ho3,

Uy nao, tang ICP

in Inj. 2007 Oct;21(11):1175-81.
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_Clinicat Feature Scale (CFS)
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Nguyén tac diéu trj va quan ly P

v
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« Kiém soat kich thich: (tiéng 6n, anh sdng) hodc cac yéu td noi
tai (dau, nhiém trung, bi tiéu).

 (Cat con va giam kich thich giao cdm: S& dung cac nhém thudc
nhu thudc an than (Morphine, Fentanyl), thudc chen thu thé
beta khéng chon loc (nhu propranolol), va cac thubc diéu hoa
than kinh.

* B3o vé ndo: Dam bdo du oxy, duy tri tuwdi mau ndo 6n dinh,
kiém soat than nhiét va chéng phu n3o.
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* incidence of hyponatremia in TBI ranges from 9.6 to 51%

e« common causes of hyponatremia in TBI are CSW, SIADH,
hypopituitarism and inadequate dietary intake of salt

* differentiation between CSW and SIADH is difficult, the use of
mannitol, impaired hypothalamo-pituitary adrenal(HPA) axis
make diagnosis harder




Hé luy lam sang cua ha natri m D

phu nao, co giat

cam bay bu dich.
bu Natri qua nhanh = hidy myelin trung tam cau nio

SiADH = can tiét ché nuwdc. CSW can bu dich. Néu bu dich sai
-> qua tai tudn hoan, phu phdi, tang ap luc hoi lvu tinh mach
- tang ICP




1. Kham
Lam sang

2. Theo doi
Dich

3. Can Lam
sang

4. Diéu tri
Thir

Chi s6 / Dau hiéu phan

biét

Thé tich dich ngoai bao
D&u hiéu thuc thé

Huyét dong hoc

Lwong nwéc tiéu (24 gio)
Can bang xuat nhap

Ap lyc tinh mach trung

tam (CVP)

PO dam dac mau (Hct,
Albumin)

Néng dé Axit Uric mau
Pinh lwgng BNP / NT-
proBNP

Nghiém phap Han ché
dich

Nghiém phép Truyén dich
dang trwong

Hoi chitng CSW
(Méat muéi do néo)

Gidm ning (Mat nuéc)

Da niém mac khd, mat triing, tinh mach cd
xep

Ha huyét dp (hoac ha tu thé), mach nhanh
Pa niéu (Tang rat cao > 3 lit/ngay)

Am tinh (Lvong ra > Lwong vao)

Giam thap (<4 — 6 cmH,0)

Tang cao (Do mau bj c6 dac)

Giam dai dang ké ca sau khi bu d0 mugi
Tang rat cao (N3o kich thich thai mudi)
Nguy hiém: LAm sang xau di, tut huyét ap

Hiéu qua: LAm sang cai thién, 6n dinh

Ho6i chirng SIADH
(Tdng tiét ADH bdt thurdong)

Binh thwong hoac tang nhe

Da 4m, khéng mat nudc, co thé
phu nhe

Huyét dp binh thudng hodc
tang nhe

Thiéu niéu hodc binh thudng

Dwong tinh (Lwgng vao >
Lugng ra)

Binh thwong hodc tang (> 6 —
10 cmH,0)

Giam hodéc binh thwong (Mau
bi pha loang)

Tr& vé binh thwéng sau khi
chinh Natri

Binh thwdrng hoic chi tang nhe

Hiéu qua: Natri mau tang tré lai

Nguy hiém: Natri mau cang tut
nang hon
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Ngung an than va ngung theo doi )

~N

A

TOi wu hod an than

Ngat an than hang ngay can than trong khi tang ICP ning.
Theo d&i: Thang diém RASS hodc SAS. Thiét bj BIS ho tro khi
dung gian co. SIBICC guideline cho Sedation holiday

Nguyén tac: "Analgesia first" (Uu tién gidam dau trudc).
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Sedation Holiday
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Ngung an than va ngung theo doi )
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* Lwa chon thudc:
— Giam dau: Fentanyl, Remifentanil (Khai phat/két thic nhanh).
(Trdnh Morphine néu suy théan).
— An than/Chdng co giat:
*  Propofol: Kiém sodat ICP, co giat (Can trong PRIS néu dung liéu cao kéo dai).
*  Midazolam: Chéng co giat manh, dé tich tu gdy mé sang.
* Thudc méi/Ung dung dic biét:
— Ketamine: An toan néu kiém soat tot CO2, tiém nang bao vé than
inh.

hop tac, nglra run.



Multimodal monitoring: Tim ra "clra s6 co hdi" can thiép gidm
secondary injury trudc ton thuong vinh vién




L __
e
A
= Y
.

-
-

e
Truc sinh ly ndo Muc tiéu quan ly Cong cu theo doi Can thiép chinh

Toi wu hod sinh ly ndo

Ap lyc noi so Tranh ICP burden ICP mean, waveform, Tu thé, an than, CSF
plateau waves drainage, osmotherapy

Tudimau CPP @0 nhung khong qua MAP, ICP, CPP, PRx Dich, van mach, giam ICP,

murc optimal CPP
Oxy mb nao Tranh occult hypoxia PbtO,, Pa0,, Hb, Sp0O, Tang FiO,, CPP, Hb, t6i wu
thong khi

Chuyén hod Tranh energy crisis CMD: LPR, glucose, Glucose, oxy, CPP, kiém
lactate, pyruvate soat co giat/sot

bién hoc Tranh seizure/CSD burden  cEEG, ASM, an than, ketamine
electrocorticography néu
co

Toan than Tranh secondary systemic  T°, Na*, glucose, Hb, Normothermia, natri,

insults PaCO, glucose, thong khi
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~~/Thong diép cot 16i (Take-home messages)? .

 Phau thuat gidi ép chi 1a budc dau; thanh céng phu thudc vao
bao v& nhu mé n3o sau mé khoi cic tdn thuwong thi phat.

* Hay phdi hop ICP véi cic theo ddi da mé thirc dé cé cai nhin
toan dién.

* Cathé hod diéu tri bénh nhan dwa trén sinh Iy ndo cla moi
nguoi bénh




