GIOI THIEU LUAN AN

1. DPAT VAN DE

Chan thuong so ndo (CTSN) la nguyén nhan gay tir vong chinh &
nhitg ngudi tré tudi. Trong thyc té, tinh trang thiéu oxy t6 chic ndo
da duoc quan sat thay trong hon 90% bénh nhan (BN) tir vong do
CTSN. Céc ton thuong thir phat nay thuong két hop véi tinh trang
suy giam chuyén héa gay ra hau qua rat phuc tap, c6 thé khong hoi
phuc dugc. Mbi tuong quan giira két cuc xau trong diéu tri BN, dic
biét 1a ty I¢ tir vong vai tang ALNS da dugc chiung minh rd rang. Phac
d6 huéng dan diéu trj hién tai cia To chic kiém soat CTSN ning nhan
manh vai tro cia theo ddi ap luc ndi so (ALNS) trong hudng dan diéu
tri CTSN nang, cho thiy sir dung theo ddi ALNS trong huéng dan diéu
tri BN CTSN ning c6 lién quan dén két cuc tot hon. Tuy nhién, ton
thuong ndo thtr phéat khdng phai ludn lién quan voi nhimg thay doi
bénh ly trong ALNS hoac ap luc tudi mau ndo (ALTMN) ma con co
nhitng co ché khéac cd thé 1a nguyén nhan cua tinh trang thiéu oxy to
chirc ndo nhu co ché thiéu mau cuc bo, tac vi mach, phii né do gay doc
té bao, hoic rdi loan chirc niang ty thé. Phuong phap theo ddi tryuc tiép
chuyén hda oxy ndo nhu 13 theo ddi ap luc oxy t6 chuc ndo (Pressure
brain tissue oxygenation — PbtO,) cho phép danh gia kha nang oxy
héa cia md ndo ciing nhu phat hién som tinh trang thiéu oxy t chac
ndo sau chin thuong. Nhiéu nghién ciru da cho thiy méi tuong quan
chat ché giita gia tri PbtO, thap véi két cuc xau ciing nhu ti 1¢ tur
vong cua BN va bién phap diéu tri dya trén huéng dan cia PbtO, c6
thé cai thién két qua diéu tri caa BN sau CTSN.



O Viét Nam, phuong phap theo ddi chuyén héa oxy ndo trudc day
van chi dimng lai & mirc danh gia mot cach gian tiép thong qua theo doi
bdo hoa oxy tinh mach canh trong (Saturation jugular venous
oxygenation — SjO,). Phuong phap theo ddi truc tiép ap luc oxy to
chac ndo trong CTSN van con la mot van dé méi, chwa duoc ap dung
trong 1am sang ciing nhu van chwa c6 mot nghién ciru nao danh gia
hiéu qua cia nd. Do do, chung t6i thyc hién dé tai nghién ciu:
"Nghién ciru vai tro cia theo ddi lién tuc ap luc oxy té chirc ndo
trong huwong din hoi sirc bénh nhan chin thwong so ndo ning"
véi cac muc tiéu:

1. X4c dinh mdi twong quan giita PbtO, véi ALNS, ALTMN va két
cuc diéu trj trong CTSN nang.

2. Panh gia gia tri tién lugng cua PbtO, trong CTSN nang.

3. Panh gia két qua diéu trj theo phac d6 dwa vao PbtO, va ALNS.

2. Tinh thoi sw caa luan an

CTSN la mot van dé 16n cua y té va xa hoi vi ti 1& di chiing nang
va tir vong rét cao. Cap ciru va hoi sirc CTSN déng vai trd quan trong
tham chi la quyét dinh ddi voi tién lugng CTSN. Trong nhiéu thap ky
qua, cac phuong tién theo di than kinh dé huéng dan cho viéc diéu
tri da l1an luot ra doi nhu 1a theo ddi ALNS, Doppler xuyén so, theo
ddi d6 bao hoa oxy tinh mach canh trong, theo dai &p luc oxy t6 chiic
ndo (PbtO,)... Theo ddi PbtO, da dugc nghién cuu va ap dung trong
nhitng nim gan day duogc coi 1a di gop phan danh gia ddy du hon vé
chuyén héa tai nio trong diéu kién chan thuong, gitip cho viéc chan
doan va tién luong chinh xac hon tinh trang thiéu oxy tai nio. Pay la
van dé con mai, tai Viét Nam chua c6 dé tai nghién cau vé van dé



nay. Chlng toi thyuc hién dé tai nay véi myc tiéu gép phan tra 1oi cau

hoi vé vai tro cia PbtO, trong tién lwong cling nhu dan dat hoi sirc

bénh nhan CTSN nang.

3. Nhirng déng gop khoa hoc trong luan an

e Ap lyc oxy t6 chic ndo (PbtO,) c6 twong quan chit véi ALTMN
va ALNS ¢ nhém bénh nhan tir vong va cé két cuc xau.

e Chung t6i ciing tim duoc tinh trang thiéu oxy té chirc ndo (murc do
va thoi gian kéo dai gi4 tri PbtO, thip) Ia nhiing yéu t6 nguy co
doc 1ap voi tir vong va két cuc xau cua bénh nhan CTSN ning.

e Phac d6 diéu tri dwa vao huéng din cua PbtO, phdi hop voi
ALNS buéc dau gop phan cai thién két qua diéu tri so véi phic do
thong thuong dya vao ALNS/ALTMN nhung sy Khac biét chua
c¢6 ¥ nghia thong ké.

4. Bo cuc cha luan an
Luan &n c6 118 trang chwa ké phu luc va tai liéu tham khao (dat

van dé: 2 trang; tong quan tai liéu: 33 trang; d6i tuong va phuong

phap nghién ctu: 22 trang; két qua nghién ciu : 28 trang; ban luan :

33 trang; két luan : 1 trang).

Chuong 1
TONG QUAN TAI LIEU

1.1. Co s6 sinh 1y bénh thiéu oxy td chirc ndo trong CTSN
1.1.1. Chuyén héa oxy niio

Té bao than kinh khéng co duy trir oxy va rét it glucose cho nén
phu thudc gan nhu hoan toan vao luu lwong méau ndo (LLMN) va rat
nhay cam véi tinh trang thiéu oxy va thiéu mau. Luu lugng mau nio



(LLMN) dugc tinh bang cong thirc: LLMN = ALTMN / SCMN.
Trong d6, ALTMN 14 4p lyc chinh trong tudn hoan ndo dwoc tinh
bing: ALTMN = HATB — ALNS.

Mbi twong quan giita luu luong méau ndo va tiéu thy oxy nio biéu
dién theo phuong trinh Fick: CMRO, = AVDO, x LLMN. Méi quan
hé chat ché giita LLMN va CMRO, con duoc goi 1a “su gin két gitra
LLMN - chuyén hoa”. Trong diéu kién sinh 1y binh thuong, pham vi tu
didu hoa ALTMN nim trong khoang giéi han tir 50 - 150 mmHg.

1.1.2. Co ché bénh sinh thiéu oxy té chirc no sau CTSN:
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Hinh 1.2: Tém tdt cdc co ché SLB gay thiéu oxy té chirc ndo

1.2. Cac phuwong phap theo ddi chuyén héa oxy nio

1.2.1. Cic phwong phdp theo doi gidn tiép

1.2.1.1. Do bdo hoa oxy tinh mach canh trong (SjO,): 1a mot cach do
gian tiép chuyén héa oxy ndo biang cach dua nguoc dong mot
catheter quang hoc vao tinh mach canh trong di 1én vao xoang tinh

mach. O nhimg BN CTSN ning, gia tri trén 50% dugc coi nhu 1a gin



binh thudng. Khi SjO, giam < 50% kéo dai hon 15 phit cho thdy c6
thé ¢ tinh trang thiéu mau cuc bd ndo. Theo ddi SjO2 1a mdt bién
phap theo ddi gian tiép oxy toan bd ndo, co do nhay thip nhung do
dac hiéu cao trong viéc phat hién tinh trang thiéu méu ndo.

1.2.1.2. Quang phé cdn hong ngoai (NIRS): 1a mot ky thuat khong
xam l4n co thé duoc st dung dé theo dbi lién tuc oxy md ndo trén
nhiéu khu vuc caa bé mat ndo. KY¥ thudt nay dua trén viéc truyén tai
va hép thu buc xa dién tir hong ngoai gan (700 - 1.000 nm) & cac
budc song khac nhau khi nd di qua cac mo. Két qua ciia NIRS bi anh
huéng boi nhidu yéu td dén su hap thy cia mod bao gdm do day hop
so, vo myelin, dich ndo tdy, anh sang moi truong xung quanh va
nhitng thay doi trong luu lugng mau ngoai so.

1.2.2. Cdac phwong phdp theo doi oxy ndo truc tiép

1.2.2.1. Do dp luc oxy té chic ndo (PbtO,): Ap luc O, nhu md néo
cuc theo nguyén tic Clark: 2H,0 + O, < 2H,0, <> 40H  + 4e. Oxy
tir khoang ngoai bao khuéch tan qua mang polyethylene di vao budng
dién phan cua dién cuc. Trong budng dién phan, O, chuyén thanh
OH - tai kathode am (vang) tao ra mét gia tri dai dién cho s luong O,
do duoc. Gi4 tri PbtO, dugc cung cip boi cac dién cuc nho dai dién
cho sé luong O, giai phong trong dich k& va twong ng véi luong
Oxy c6 sin & cap do té bao. Trong 1am sang, cac dién cuc nhod nay
thuong duge dwa vao thiy tran cta ndo. Tét hon 1a chon ¢ bén béan
cau bén phai, trir khi co6 dung dap 16n da duoc nhin thay trén phim
CT scan hoic v& xwong hop so hay vét rach da khong thé thuc hién
dat duoc thi thuy tran bén trai sé duoc lua chon. Cac khu vuc nhay
cam O, 14 29 dén 35 mm dudi bé mat ndo, trong chét tring. Theo doi



PbtO, cho phép do tryuc tiép ap luc oxy caa mét ving nhu méd néo
trong mot khu vuc cu thé cua ndo gilp cho viéc danh gia cung cap
va giai phong oxy & ndo, no c6 gia tri trong viéc phéat hién ton
thuong ndo thur phat do thiéu méau cuc b hoic suy giam tudi mau
cua vi mach. Ngay cang c6 nhiéu bang ching manh mé cho thay
rang mic do thip PbtO, c6 lién quan dén tinh trang thiéu oxy to
chirc ndo va két cuc xau.

1.2.2.2. Microdialysis (vi loc nd0): 1a mot phuong phép theo ddi than
kinh sir dung cac k§ thuat mao mach dé lay miu céac chat noi sinh
trong dich ngoai bao cua t6 chirc ndo. Thanh phin cac chit trong
budng vi loc s& phan anh méi truedng cia khoang ngoai bao, cung cap
nhitng thong tin V& tién trién qua trinh bénh Iy sau CTSN. Mét han
ché quan trong ciia microdialysis la su thay doi cua két qua tly thudc
Vvao vi tri cia dau do (trong mé bi ton thwong, moé binh thuong, hoic
khu vuc tranh tdi tranh sang) dan dén van con tranh luan vé vi tri ly
tuong cta dau do.

1.3. Piéu tri thiéu oxy to chirc nio trong CTSN:

1.3.1.Gidm dau, an than va gidn co: Viéc an than day du gidp lam
han ché dugc tinh trang ting ALNS; giam tiéu thu O,, ti 16 chuyén
hoa oxy va san xuat CO, giam duoc nguy co thiéu oxy nio.

1.3.2. Théng khi nhan tgo: Muc tiéu quan trong I1a can phai tranh
tinh trang thiéu oxy mau, nhugc than xay ra va dam bao SpO, > 95%
hodc Pa0, > 90 mmHg. Dé tranh dwoc kha ning gy thiéu mau cuc
bo nén gitr PaCO, ¢ muc 30-35 mmHg.

1.3.3. Diéu tri huyét dong:

* Kiém sodt tang dp luc ngi so: dich duy tri ALNS < 20 mmHg.



* Duy tri &p lue feéi mau ndo: Nhiéu nghién ctru da cung cap nhiing
bang chiing vé ALTMN nhu mét tham sé theo ddi c6 gia tri trong
diéu tri BN CTSN nang va can phai duy tri ALTMN 50-60 mmHg dé
tranh gay ra tinh trang thiéu oxy t6 chic néo.

1.3.4. Thuéc lgi tiéu thdm thdu: Co ché hoat dong chinh 1a kéo nuéc
tir khoang gian bao vao 1ong mach lam ting thé tich mau, giam do
nhét mau dan dén giam SCMM va giam ALNS.

1.3.5. Liéu phap Barbituric: Barbituric 1am giam chuyén hoa oxy
ndo (CMRO,) va ciing véi giam LLMN. Két qua dan dén lam giam
TTMN song song vdi gidam ALNS.

1.3.6. Hg th&n nhigt chi huy: Ha than nhiét vira phai (30 - 34°C) da
cho théy c6 tac dung bao vé té bao sau tinh trang thiéu mau toan bo.
Ha than nhiét lam giam dnh hudng cua thiéu mau ndo toan bo, lam
giam san Xuét glutamate va ngan ngura sy suy giam ATP.

1.3.7. Phdu thugt mé xwong so gidi ép: mo xuong so c6 thé cai
thién rd rét do gidn no cua ndo va gitp kiém soat ALNS d& dang hon.
Két qua cua phau thuat c6 twong quan ti 1& thuan vai trang thai than
kinh tai thoi diém phau thuat. Can tranh cham tré khong can thiét
trong viéc phau thuat 1y bo khdi choén ch.

Chuwong 2
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru
2.1.1. Tiéu chuin lwa chon bénh nhén: Bénh nhan CTSN c6 diém
Glasgow < 8 sau chin thuong va tudi 16 - 65.



2.1.2. Tiéu chudn logi trir bénh nhan
* BN hon mé sau véi diém Glasgow 3 diém, dong tir 2 bén gian hét.
* Bénh nhan c6 da chn thuong ning (diém 1SS) > 25.
* Bénh nhan c6 bénh ly mén tinh kém theo: COPD, bénh tim mach.
* Khong thé dit duoc catheter do PbtO,: v 1dn so rong va phirc
tap, mit da dau, nhiém trung ving da dau dinh dit.
* Pang c6 rdi loan déng mau, tién sir ding thudc chng dong trude do.
2.2. Phuong phap nghién ciru
2.2.1. Thiét ké nghién citu: Nghién ciru can thiép 1am sang tién ciru,
phan tich va c6 ddi ching dugc tién hanh tai phong Hoi sirc tich cuc
— khoa Gay mé hdi sirc, bénh vién Viét Puc trong thoi gian tir
05/2013 — 2/2015.
2.2.1.2. Tinh cé méu
* Tinh c& mau cho nghién civu tim méi twong quan giita 2 bién lién
tuc (muc tiéu 1 va 2): Dung bang tinh san chon luc mau (power) =
90% va sai 1am loai I (o)) = 0,05 véi r = 0,50 (twong quan chit theo 1
NC trudc d6) thi sb lugng BN t6i thiéu 1a n = 37. Trong 2 muc tiéu
nay, nghién ctru ctia chiing t6i dugc thuc hién trén 41 BN CTSN.
* Tinh c¢& mau cho nghién ciru can thiép lam sang, so sanh va 6 doi
chimg (d6i véi muc tiéu 3): Theo két qua tham chiéu mot nghién ctru
can thiép so sanh trude do, cd mau t61 thiéu dé phat hién sy khac biét

gitra 2 ti 1€ dugc tinh theo cong thurc:



[Za/2.V2p (1) +2 R/2.V pI(1-p1) + p2(1-p2) )
ns= =38 bénhnhén.
&2

Véi muc tiéu nay, nghién ciru cua ching t6i dwoc tién hanh trén
76 BN, trong d6: c6 38 BN & nhom theo doi phdi hop PbtO, va
ALNS va c6 38 BN ¢ nhom theo doi ALNS.
2.2.1.2. Phwong ti¢n nghién ciru

* Theo ddi PbtO,: catheter Licox cling voi may theo déi Integra”™ Licox®
Brain Tissue Oxygen Monitoring.

* Theo ddi ALNS: catheter may theo ddi ALNS Camino Integra.

2.2.2. Cdc tiéu chi danh gid chii yéu trong nghién civu

* Xdc dinh méi tuwong quan ciia PbtO, véi ALNS, ALTMN va két cuc
diéu tri: Tim tuong quan (r) giira gié tri trung binh chung cua PbtO,
vGi ALNS va ALTMN trong 24h dau va sudt toan bo thoi gian theo
doi sau khi dat catheter do PbtO,; twong quan (r) gitta gia tri PbtO,
v6i ALNS va ALTMN & 2 nhém: séng va tir vong; két cuc xau va két
cuc tbt; trong quan gitta PbtO, thip < 10 mmHg véi két cuc diéu tri.
* Panh gid vai tro tién luwong cua PbtO, trong CTSN ngng:

- Tim céc yéu t5 nguy co (OR) va yéu té nguy co doc 1ap (OR
hiéu chinh) cua tir vong va két cuc xau trong CTSN ning: gia tri
PbtO, thap & cac ngudng khac nhau (< 5, 10 va 15 mmHg); thoi gian
PbtO, thap kéo dai khac nhau (>30 phdt, > 4h va > 12h); gia tri PbtO,
thip don thuan hoic két hop véi cac mic ALNS va ALTMN khac
nhau; chi sé phan wng véi oxy cua td chic ndo (TOR).

- Tim cac dac tinh tién luong ti vong (Sp, Sn, PPV, NPV, ROC)
cuia gia tri PbtO, & cac ngudng gié tri thip khac nhau.
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* Pdanh gid két qua diéu tri cia phdc do dua trén hwong dan cua
PbtO,: So sanh két qua diéu tri giita nhdm BN CTSN ning dugc diéu
tri theo phac d6 dua trén hudng dan cia PbtO, phdi hop véi ALNS va
nhom diéu tri theo phac dd dua trén hudéng dan cia ALNS) dua trén
C4c tiéu chi nhu sau: ti & tir vong va song ; két cuc tét va xau dua theo
thang diém GOS hoic DRS tai thoi diém 6 thang sau CTSN; diém
GCS, thoi gian the may, thoi gian nam hdi sirc, tinh trang hd hap khi ra
khoi hi strc, cac bién chang tai chd (chay mau, nhiém tring).

2.2.4. Cic buéc tién hanh nghién ciru

2.2.4.1. Diéu tri chung: Tit ca cic bénh nhian CTSN ning dugc
chuyén vé phong héi sirc tich cuc du tiéu chuin lya chon vao nghién
ctru déu duoc diéu tri theo mot phac dd chung trudce khi can thiép dat
catheter theo ddi PbtO, hodc theo ddi ALNS, bao gom: théng khi
nhan tao, an than giam dau, tu thé BN, kiém so4t than nhiét, chéng co
giat. Dit theo ddi HADM xam lan lién tuc, theo ddi &p luc tinh
mach trung tam theo chi dinh.

* Phirong phdp dong nhdt hda nhom nghién cizu (doi véi muc tiéu 3):
Tét ca BN cua 2 nhom déu duogc lya chon trong cung mét khoang
thoi gian nhat dinh. Cac phuong tién theo ddi va nhan vién y té, bac
sT diéu tri cling nhu cac bién phap diéu tri, thao tac chim soc 1a
khong thay doi trong sudt thoi gian nghién ciru. Phac db diéu tri dua
vao huéng dan cuia ALNS & BN CTSN ning ciing giéng nhu truée
khi c6 theo ddi PbtO.,.

* BN duoc tién hanh dit catheter theo ddi PbtO, va theo ddi ALNS
theo qui trinh v tring gidng nhu cac tha thuat ngoai khoa khéc tai
bénh vién.
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2.2.4.2. Theo déi va hwong dén diéu tri dwa theo ALNS va PbtO,

* Pé loai bo hién twong nhidu do sang chdn nhé trong qué trinh dat
catheter theo ddi PbtO,, dit lidu PbtO, chi bt dau ghi lai va diéu
chinh sau khi két thiic qué trinh dit catheter 1a 2h.

* Tat ca BN trong nghién ctru duoc diéu tri dua theo phac do hudng
dan diéu tri cua Hiép hoi Chan thuong than kinh 2007 dé dat duoc
dich diéu tri: PbtO, 20 — 35 mmHg, ALNS < 20 mmHg, ALTMN >

60 mmHg, PaO, > 100 mmHg va PaCO, 35 - 40 mmHg.

= _ PbtO2 (Licox)
RN EEE Ap lurc oxy t0 chire nio

ICP = 20mmHg
PhtO2 hinh thwimg

Pht02 < 15-20mmHg
ICP < 20mmHg

Dich diéu tri

Pbt02 = 20 mmHg; ALNS < 20 mmHg

ALTMN = 60 mmH;

2
/ \Pa{f> 100 mmHg:PaCO2 35-40mmHg

PbtO2 < 15mmHg
ICP > 20mmHg

Piéu tri gidm ALNS

Buwicl:

Diéu tri thiéu oxy nio

- Budich duy tri CVP 8-12mmHg
Bugel:

¢ Tinganthan

Biéu tri giam ALNS va ting PhtO2

Buoel : Bl : Buwoel:

- Tur thé du 30° - Ha dau thip 0° - Nang dau 30°

- Dy tri T° < 37,5° - Kiém tra anh huéng trén ALNS - Duy tri T° < 37,57

- Tang an thin -Duytri T° <37.5° - Tang an than

- Mannitol 20% 0,5gkg - Tang ALTMN = 60 mmHg - Tang ALTMN = 60 mmHg

- Mannitol 20% 0.5gkg
Buge?:

- Ting TK PaC02 30-35mmHg - Manitol 20% liéu cao 1g/kg
- Mannitol 20% ligu cao 1g/kg - Tang Fi02 Ién 60% - Tang FiO2 Ién 60%
- Gin co - Ting PaC02 45 - 50mmHg - Truyén mau Ho > 10g/dL
- Cannhae: chup CT kiém tra - Truyén mau Hb > 10g/dL - Giin cof i
Buic3: Buic3 : - Cén nhic: chup CT kidm tra
- Cén nhic: Mo so gii ép - Tang Fi02 1én 100% Burjc3:
Hén mé Barbifuric - Ting PEEP néu da ting Fi02 - Tang Fi02 1én 100%
Ha thin nhiét - Ha ALNS < 10mmHg i - Ting PEEP néu di ting Fi02
+ DL dich NT rangoai néu co - Cén nhac: Mg so gidi ép
«  Mannitol 20% Hon mé Barbituric
3 Ha than nhiét

2.2.6 CAc chi sé nghién ciru:

a- CAc yéu té nguy co cua ton thuong thir phat: tudi, diém GCS,
diém 1SS, tén thuong trén phim chup CT scan so n&o, phan loai mirc
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d6 lan toa ton thuong theo phan loai Marshall, tut huyét &p va thiéu
oxy khi dén vién..

b — Céac théng sé than kinh theo ddi lién tuc hang gio: ALNS,
ALTMN, PbtO,, HATB, T°, SpO,, tan s6 tim.

c- Cac thdng so theo ddi hang ngay: khi mau dong mach, duong gidy
va dién giai do, tan suét cac bién phap can thiép, test phan ¢ng voi
oxy cua to chuc ndo (Tissue Oxygen Response — TOR).

d- Cdc tiéu chi danh gid két qua diéu trj:

2.2.8. Xir Iy thong ké y hoc: Sb liéu nghién ctiru duoc xir Iy bang
phan mém SPSS 16.0.

Chuong 3
KET QUA NGHIEN CUU

3.1. Mbi twong quan giita PbtO, véi ALNS, ALTMN va két cuc
diéu tri

3.1.1 Mgt sé dic diém chung: Hau hét BN c6 do tudi con tré va
trong d¢ tudi lao dong. Ti 1¢ nam gidi chiém da s6 (82,9%). Thang
diém ISS trung binh khi nhap vién 1a & muc tuong déi thap (<16).
3.1.2 Phan bé tén thwong trén phim CT scan se ndo: Cac ton
thuong hay gip nhit ciing chiém ti 1& cao la chay mau duéi nhén
(80,5%), dung giap nio da 6 (44,7%) va MTDMC (47,4%). Muc do
IV theo phan loai ton thuong lan toa cua Marshall 13 hay gip nhat
(70,7 %).
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3.1.3 Vj tri dit catheter PbtO2: Pa sb vi tri dat & ving ndo lanh, it
hodc khong bi ton thuong (chiém 95,1%). S6 luong bénh nhan dugc
mé xuong so giai ép chiém da s6 (78,05%).

3.1.4 Méi twong quan giita gid tri PbtO2 va ALNS

50
o 1 PbtO2

101 ALNS
0

0 8 16 24 32 40 48 56 64 72 80 88 96

T/g sau khi dat Licox
Biéu do 3.1: Dién bién theo theéi gian ciia PbtO2 va ALNS

Trong thoi gian theo d6i 5 ngay, twong quan gitta gia tri PbtO2 va
ALNS trung binh & mac do thip va nghich chiéu, véi hé sb r = - 0,251
(theo Spearman Correlation) véi p < 0,01.

3.1.5 Méi twong quan giita PbtO, va ALTMN

80
70
“ PbtO2
40
30

2 =—&— ALTMN

0 8 16 24 32 40 48 56 64 72 80 88 96

T/g sau khi dat Licox

Biéu dd 3.2: Dién hién theo théi gian ciia PbtO2 va ALTMN

Tuong quan gitra 2 gia tri PbtO, va ALTMN trung binh ¢ mirc do
thap va thuan chiéu, vai hé sb r = 0,226 (theo Spearman Correlation) véi
p < 0,05.
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3.1.7 Dién bién theo thoi gian va phin bé gid tri PbtO, trung binh

24h ddu giita 2 nhém tir vong va song

— PbO2 trung bish 24 din

" | —8— Chét séng_|

40 '\'"*_Q W 2T

EY) aalr K 1
> g T

10
0 ok

17g sau khi dat Licox

0 6 12 18 24
chet=1

Biéu do 3.3 va 3.4: Dién bién theo théi gianva phan bé gia tri
PbtO, gi@a 2 nhém chét va séng
Gia tri PbtO, trong vong 24h dau sau khi dat catheter PbtO, & nhom
BN chét c6 tan suat gia tri PbtO, < 10mmHg va thoi gian PbtO, <
10mmHg keéo dai (khac biét co6 y nghia TK; p < 0,05 (t - student).
3.1.9 Méi twong quan giita gid tri PbtO, va ALTMN ¢ 2 nhém chét

va song

—@— PbtO2chét PbtO2song, "
100 —@&— ALTMNSséng ALTMNchét

”
g)wm_jii + [
g

40{ AT 20 S -M..'W = __

o ke g e . = I

0 ‘;..-'4

0 12 24 36 a8 TR gign saugkhi dag

Biéu dé 3.5 va 3.6: Dién bién theo théi gian va phan bé gia tri
PbtO2 va ALTMN trung binh 24k dau gi@a 2 nhém chét va song
Tuwong quan gitta gia tri PbtO, véi ALTMN trung binh ¢ nhém
bénh nhan chét & mic rat chat ch& va thuan chiéu, véi hé sé r = 0,791
(p <0,01) (Spearman Correlation).
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3.1.10 Méi twong quan giiva gid tri PbtO, thip va két qua diéu tri

B Chét Séng
100, Keét cuc xau Keét cuc tot
80 *

80
601 52
40

20 8,3

0
PbtO2 <10 mmHg

18,7

Biéu dé 3.7. Tan sudt gia tri PbtO, thdp < 10 mmHg va két qua diéu

tri. (*) vai p<0,05.

Ti I¢ BN c6 gia tri PbtO, thip < 10 mmHg la khéc biét ¢ ¥ nghia
thdng ké gitta nhdm chét va séng (80,0% so véi 8,3%; p<0,001).

3.2 Vai tro tién lwgng caa PbtO, trong theo ddi CTSN nang

3.2.1 Cdc yéu t6 nguy co dic ldp doi véi tir vong trong CTSN ndng:

Bing 3.1 Cic yéu té nguy co déc lgp déi véi tir vong

Ty suét chénh hi¢u

Cic y€u to nguy co’ chinh(C1 959%) P
Thoi diem sau khi dat

1. PbtO, thap < 10mmHg sau khi dat 20,9 (1,2-369,4) | <0,05
2. PbtO, thap < 15 mmHg va ALNS cao >

30 mmHe sau khi dat 20,9 (1,2-369,4) | <0,05

Thoi gian 24h diu sau khi dat
3. PbtO, TB thap < 15mmHg va ALNS TB
cao > 30mmHg trong 24h dau 354 (1,2-1012) | <005
Toan b§ 5 ngay theo déi sau khi dat
5. PbtO, thap < 10 mmHg kéo dai trén 7h | 44,0 (3,6 - 530,5) | <0,01
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Céc yéu té nguy co doc lap cua tir vong bao gdom: gia tri PbtO,
thip < 10mmHg; gia tri PbtO, thap<15mmHg va ALNS cao > 30
mmHg tai thoi diém sau khi dat; PbtO, TB thap < 15 mmHg va
ALNS TB cao > 30mmHg trong 24h dau va gia tri PbtO, thap < 10
mmHg kéo dai trén 7h trong toan b thai gian theo doi.

3.2.2 Cdc yéu t6 nguy co dic ldp ciia két qud diéu tri xiu

Bdng 3.2. Cac yéu té nguy co dpc |dp ciia két qud xdu

Cic yéu td nguy co

Ty suat chénh
hiéu chinh

P

PbtO, thap < 15mmHg keéo dai > 4 h

6,5(1,1-38,1)

<0,05

Yéu té nguy co cao cua két qua xau trong diéu tri CTSN nang c6
lién quan dén gié tri PbtO, thap < 15mmHg kéo dai trén 4h.

3.2.3. Cdc dic tinh hiéu lyc tién lugng tir vong ciia gia tri PbtO,
Bdang 3.3. Pac tinh hiéu lwe tién lwong TV ciia PbtO2 < 10mmHg

DPic tinh hiéu lyc tién lwong PbtO, < 10mmHg Gia tri
Do nhay 0,800
Do dac hiéu 0,916
Gia tri du doan duong tinh 0,571
Gia tri du doan am tinh 0,967
Muc duong tinh gia 0,429
Murc am tinh gia 0,033
Ti suat can thyc cua xét nghiém duong tinh 8,53

Céc dac tinh hiéu luc tién luong cua PbtO, tai thoi diém sau khi

dat nhin chung 1a & mirc twong déi cao. D6 nhay va do dac hiéu la
0,80 va 0,916 cho thiy PbtO, c6 gia tri phat hién sém nguy co tir

vong & BN CTSN nang.
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so: / / Dlén tich dudi

[ duong cong cua

oldd ALNS = 0,945

o, Dién tich dusi
L duong cong cua

ol PbtO2 = 0,841

w PbtO2 sau khi dat
== ALNS sau khi dit

Biéu dé 3.8. Pwong biéu dién ddc tinh higu lec ROC ciia PbtO, va
ALNS.

3.3. Panh gia hiéu qua diéu tri dua theo hwéng din ciia PbtO,

3.3.1. Mjt sé dic diém phin bé chung giita 2 nhém: Tudi trung
binh, ty 1& nam nit, diém ISS, diém Glasgow, ti 1¢ BN tut huyét ap
va thiéu oxy khi nhap vién giita 2 nhom 1a khong c6 su khac biét

véip>0,1.

3.3.2. Phin bo tén thwong trén phim chup CT scan so nio khi
nhdp vién: Ton thuong hay gip nhit & ca 2 nhém la chay mau
dudi nhénva khac biét khong co6 y nghia théng ké. Ton
thuong lan téa theo phan loai Marshall & nhom PbtO, hay gap nhat 1a
muc do IV (68,5%) cao hon so v&i & nhom ALNS (42,1%) cé vy
nghia théng ké (p < 0,05).
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3.3.3. Cdc thong soé theo doi thin kinh trong 24h dau giita 2 nhom

Bdng 3.4. Cac thong sé theo di than kinh trong 24h dau giia 2 nhom

Nhom Nhom
L. ALNS PbtO,
Cac thong so than kinh (n = 38) (n = 38) P
(X £SD) | (X £SD)
ALNS sau khi dat 30,1+218 | 241+16,3 | >0,1
ALNS trung binh 24,8 +2,6 245+0,9 >0,1
ALNS trung binh cao nhat 332+19,1 | 26,3+15,0 | >0,05
ALTMN TB sau khi dat 60,0+19,7 | 71,2+14,8 | <0,01"
ALTMN trung binh thap nhat | 61,9+27,8 | 63,2+149 | >0,1
ALTMN trung binh 70,3+3,4 66,4 +2,0 | <0,01"

Trong do: *p<0,01

Gié tri ALNS trung binh & c4c thoi diém giita 2 nhom déu & mirc

cao (> 20 mmHg) va khac biét khong c6 y nghia thong ké (p > 0,1).
Mutc ALTMN trung binh ctia nhém ALNS cao hon so v6i nhom
PbtO, nhung déu ¢ muc trén 60 mmHg va su khac biét 1 ¢6 ¥ nghia
thong ké (p < 0,001).

3.3.4. Két qud diéu tri gifta 2 nhom:

- Ti & tir vong & nhém PbtO, 14 thap hon (13,1%) so véi & nhém
ALNS (21,1%); Diém GOS > 4 ciing nhu diém DRS < 6 sau 6 thang
(két cuc tot) & nhdm PbtO, cao hon so voi nhdm ALNS (34,2% so
VGi 26,3%), tuy nhién khac biét chua co y nghia théng ké (p > 0,1).
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1005 86,9 78.9 @ Nhém PbtO2
801 Nhom ALNS
52,6
604 52,6
40 32 563
21,1 :
20 13,1
0 i r i r r i s r
Tir vong Song Keét cuc xau Keét cuc tot

Biéu do 3.9. Két qud diéu trj sau 6 thang

Chuong 4
BAN LUAN

4.1. Ngudng gia tri PbtO, trong diéu tri CTSN

Ching tdi nhan thdy ti 16 BN c6 gi4 tri PbtO, thdp < 10 mmHg
kéo dai > 1h thi ti I& tir vong cao hon c6 ¥ nghia thdng ké (80,0% so
V6i 8,3%; p < 0,001). Theo Hiép hoi Chan thuong than kinh dua ra
khuyén céo vé& ngudng gié tri PbtO, thap <15 mmHg Ia ngudng ma
két qua diéu tri tré' nén t6i té hon, phai can thiép diéu tri va mot s tac
gia con goi day 1a mot "ngudng thiéu mau cuc bo". Tac gia Oddo cho
thdy c6 thé coi ngudng PbtO, < 20 mmHg 1a c¢6 nguy co thiéu oxy

t6 chirc ndo va goi d6 1a ngudng diéu tri sém d6i vai gia tri PbtO,.
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4.2. Twong quan giira PbtO, véi vi tri dat catheter

Trong nghién ctiu cia ching t6i, da sé BN duogc dit catheter do
PbtO, & vi tri t6 chirc ndo lanh, khéng bi ton thuong (chiém 39/41
BN); trong d6 60,97% & thuy trdn bén phai va 39,03% & truy tran bén
trai. Trong nghién ctu nay, chang toi lya chon vi tri dat catheter ¢ to
chae néo lanh boi vi viéc lra chon ving té chirc ndo 1anh cho phép
danh gia duoc tinh trang oxy t6 chic ndo khdng chi khu trd & ban cau
ndo dugc dat catheter ma con cd thé cho phép danh gia oxy ¢ muc
toan b ndo. Hon nira, véi myc tiéu duy tri ngudng diéu tri 1a PbtO, >
20 mmHg c6 thé gop phan gidp cai thién mic oxy cia té bao & ving
nhu mé "tranh téi tranh sang" ciing nhu & viing nhu md khéng bj ton
thuong. Diéu nay ciing phu hop vai két qua cia tac gia Ponce.
4.3. Twong quan giita PbtO, va ALNS

Két qua cua ching toi cho thiy gia tri trung binh cua PbtO, va
ALNS khéng c6 su twong quan véi nhau (r = -0,25; p < 0,05) trong
sudt thoi gian theo ddi. Tac gia Rohlwink ciing cho thiy c6 mdi
tuong quan yéu giira gia tri PbtO, va ALNS (r = 0,04); khdng c6 mot
ngudng ALNS cu thé nao quyét dinh dén tinh trang giam PbtO,.
4.4. Twong quan giiva PbtO, va ALTMN

M&i quan hé giita gi4 tri PbtO, véi ALTMN ¢ tit ca BN trong
nghién ciru chi tuong quan ¢ mirc d6 yéu (r = 0,226; p < 0,05). Tuy
nhién, mbi quan hé c6 ¥ nghia thong ké véi mic do twong quan 1a rat
chit ché va thuan chidu & nhém BN tir vong (r = 0,79; p <0,01). T4c
gia Marin-Caballos ciing cho thay PbtO, c6 twong quan chit ch& dén
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ALTMN & ngudng < 60 mmHg (r = 0,50; p < 0,01). M6t s6 co ché
nhu 1a giam sy khuyéch tan oxy néo (do réi loan vi tuan hoan, phi né
khoang k&) c6 thé lam giam mirc oxy héa md ndo giai thich ly do tai
sao PbtO, c6 thé giam trong khi PaO, va LLMN van binh thuong.
4.5. Gia tri PbtO, trong tién lwong tir vong

Nghién ctu cua ching tdi cho thiy c6 2 yéu té nguy co doc lap
cua tir vong & BN CTSN ning sau khi dat 1a gia tri PbtO, thap < 10
mmHg sau khi dit (OR = 20,9), gia tri PbtO, thip < 15 mmHg phdi
hop vai tang ALNS cao > 25 mmHg sau khi dat (OR = 20,9). Trong
thoi gian 24 dau, chdng t6i thay chi con lai yéu t6 nguy co doc lap
cua tir vong sau CTSN nang 1a PbtO, trung binh trong 24h dau thap
< 15 mmHg phéi hop véi ALNS trung binh trong 24h dau > 30
mmHg (OR = 35,4). Tuong tu nhu vay, trong thoi gian theo ddi 5
ngay sau khi dit cho thay chi con lai 1 yéu td nguy co doc lap cua tur
vong la PbtO, thip < 10 mmHg kéo dai trén 7 gio (OR = 44,0). Téac
gia van den Brink ciing cho thiy ca mirc d6 va thoi gian giam siu cua
PbtO, 1a yéu t6 nguy co doc 1ap véi két qua diéu tri cia BN CTSN
sau 6 thang. Nhu vay, ching tdi nhan thiy nhimg yéu t6 nguy co doc
lap dén két qua diéu tri 13 mic do thip cua gia tri PbtO, (< 10
mmHg) va ca thoi gian kéo dai tinh trang thiéu oxy to chirc ndo
(PbtO, thap < 10 mmHg kéo dai it nhét trong 7h).
4.6. Gid tri PbtO, trong tién lwong két cuc xiu

NC chuing tdi cho thAy chi cd yéu t6 nguy co doc lap caa PbtO, lién quan két
cuc xau trong CTSN ning la gia tri PbtO, thip < 15 mmHg kéo dai trén 4h (OR
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=6,5; p <0,05). Tac gia Manoley-Wilensky ciing cho thay tinh trang
thiéu oxy t6 chirc ndo (PbtO, thap < 10 mmHg va kéo dai hon it nhat
15 phut) 1a yéu t6 nguy co doc 1ap cua két cuc xau (OR = 4,0).

4.7. Ddc tinh hiéu luc tién lugng tir vong ciia PbtO,.

Cac dac tinh hiéu luc du doan cua gia tri PbtO, < 10 mmHg tai
thoi diém sau khi dat catheter trong viéc du doan kha nang tir vong
cia BN CTSN c6 dién tich ving dudi duong biéu dién 1a kha Ion
(0,841) goi y do chinh xac trong tién lugng tir vong kha tot. Thuc té
Iam sang cho thay néu sir dung ngudng gia tri PbtO, thip qua (< 5
mmHg) s& lam mat di mot khoang ctra s6 diéu tri cho BN dé co thé
phuc hdi lai chirc ning cua té bao nio ciing nhu co hdi séng ciia BN.
Do vay, viéc sit dung mot ngudng gia tri cao hon (PbtO, < 10
mmHg) khong nhitng c6 gi trj trong viéc tién luong két qua diéu tri
ma con gitp sang loc, phat hién sém nhitng BN CTSN c6 nguy co
cao tr vong.

4.8. Pdnh gid két qua diéu tri dwa vio hwéng din ciia PbtO,

NC chidng tdi cho thiy nhém BN duoc diéu tri trén huéng dan
dwa vao PbtO, phdi hop vi ALNS c6 xu huéng lam giam duoc
10% ti 1¢ tir vong (13,1% so voi 21,1%) va ting gan 8% ti 1& BN c6
két cuc tét (GOS > 4) sau 6 thang (34,2% so v&i 26,3%) SO Véi
nhém BN dugc diéu tri theo huéng dan dua vao ALNS/ALTMN.
Tuy nhién, két qua nay vin chua thuc su cho thiy sy khéc biét nay
c6 y nghia théng ké gita 2 nhém (p > 0,05). Két qua nghién cau

nay ciing c¢6 xu hudng gidng nhu két qua cua cac tac gia trén thé
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gidi. Hon nira, v&i mirc d6 tén thuong ban dau nang né (GCS < 8) &
BN CTSN ning thi su khac biét vé két qua diéu tri doi khi 1a rat
nho, do d6 doi hoi can phai c6 mot nghién ciru so sanh ngau nhién
véi s6 luong BN 16n hon nita méi cho phép 1am sang to mac do tin

cdy cua bién phap diéu tri dwa vao PbtO,.

KET LUAN

Nghién ctu trén 41 BN CTSN nang duogc theo dbi PbtO,, chlng
t61 thu duoc két qua nhu sau:

1. Vé mdi twong quan giira PbtO, véi mdt s6 thong sé than kinh
khéc:

- Gi4 tri PbtO, va ALNS c6 tuong quan véi nhau & mirc do yéu (r
=-0,251; p < 0,01) trong toan bo sudt thai gian theo ddi.

- Méi quan hé gitra gia tri PbtO, véi ALTMN & tat ca BN nghién
ctru chi twong quan & muic d6 yéu (r = 0,226; p < 0,05). Tuy nhién,
méi tuong quan ndy la rat chat ché va thuan chiéu ¢ nhém BN tu
vong (r = 0,79; p < 0,01); & nhém BN két qua diéu tri xau thi mdi
tuong quan nay ciing la chat ché (r = 0,501 véi p < 0,01).

- Gia tri PbtO, thip < 10mmHg kéo dai >1h trong vong 24h dau
phéi hop véi tang ti 16 tir vong ¢6 Y nghia théng ké (80% BN & nhém
tir vong so voi 8,33% BN & nhom sdng; p < 0,05).
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2. V& gia tri tién lwgng ciia PbtO,:

- i vai tir vong: céc yéu té nguy co doc 1ap 1a gia tri PbtO, thap
< 10mmHg sau khi dat hoic gia tri PbtO, thip < 15 mmHg phéi hop
véi tang ALNS > 30 mmHg sau khi dat; gia tri PbtO, trung binh < 15
mmHg phéi hop véi ALNS trung binh > 30 mmHg trong 24h dau va
PbtO, thap < 10 mmHg kéo dai trén 7 gio trong sudt toan bo thoi
gian theo doi.

- Dbi véi két qua xau: c6 1 yéu td nguy co doc lap 1a PbtO, thap <

15mmHg kéo dai trén 4h.
3. Panh gia higu qua diéu tri: Phac do diéu trj trén huéng din dya
vao PbtO,/ALNS cé xu huéng lam giam ti & tir vong va tang ti &
bénh nhan c6 két qua diéu tri tot sau 6 thang so véi phac do diéu tri
thong thuong theo hudng dan dya vao ALNS/ALTMN. Tuy nhién,
su khac biét ndy chua c6 y nghia thong ké (p > 0,05).



INTRODUCTION

1. BACKGROUND

Traumatic brain injury (TBI) is a main cause of death in young
peoples. In fact, cerebral tissue hypoxia was observed in more than
90% patients die due to TBI. These secondary lesions are usually
combined with impaire metabolic that results in complex
consequences which may be unrecoverable. Correlation between
worse outcome, especially death rate with increased ICP has been
proved expressly. Current treatment guidelines by severe TBI control
organization highlights role of monitoring the intracranial pressure
(ICP) in the guidance to severe TBI treatment shows that monitoring
ICP to severe TBI treatment is related to the good outcome.
However, secondary brain lesions is not always relevant to
pathological changes in the ICP or the cerebral perfusion pressure
(CPP) but there are other mechanisms which may be causes of
cerebral tissue hypoxia , such as ischemia, microvascular embolism,
oedema due to cytotoxic or mitochondrion disfunction. A method to
monitor directly brain oxygen metabolism is to monitor pressure
brain tissue oxygenation (PbtO,) that helps assessing the brain tissue
oxygenation as well as early detection of cerebral tissue hypoxia
after injury. Many studies have indicated a close correlation between
PbtO, low value and poor outcome and mortality of the patients and
therapy based on guidance of PbtO, that may improve treatment
results after TBI.



In Vietnam, brain oxygen metabolism monitoring method
previously evaluated indirectly by monitoring saturation jugular
venous oxygenation (SjO,). Direct monitoring of brain tissue oxygen
pressure in TBI is still new and unapplied to clinical as well as its
effects have not assessed in any research so far. Therefore, we selected
and performed this topic: “Study role of continuous monitoring the
brain tissue oxygen pressure in the guidance to treatment severe
traumatic brain injury patients' with the following objectives:

1. Determine correlation between PbtO, with ICP, CPP and outcome
in the severe TBI.

2. Assess prognostic value of PbtO, in the severe TBI.

3. Assess treatment results from protocol treatment base on PbtO,
and ICP in the severe TBI.
2. Topicality of the dissertation

TBI is a major problem of health care and the social owing to its
high rate of severe consequences and death. Emergency and intensive
care to the TBI are extremely important, even decisive to TBI
prognosis. For many decades, the machines which have been used to
neuromonitoring to guide the treatment has one came, for example ICP
monitor, Transcranial Doppler, SjO2, brain tissue oxygen pressure
(PbtOy,) ... The PbtO, monitoring has been studied and applied for recent
years, which partially contributed to more sufficient assessment on
metabolism in the brain in the traumatic conditions, helping more
accurate diagnosis and prognosis of cerebral tissue hypoxia, which is a
new matter and has not ever studied in any research in Vietnam. We
conduct this topic for purpose to partially answer the question about



role of PbtO, in the outcome prediction as well as guide how to
resuscitate severe TBI patients.

3. Scientific contributions form this dissertation

e Brain tissue oxygen pressure (PbtO,) closely correlate with CPP
and ICP in groups of dead and poor outcome patients.

e We also found that cerebral tissue hypoxia (level and duration of
low value of PbtOy,) is independent risk to death and poor outcome
of severe TBI patients.

e Treatment protocol based on guidance of PbtO, in combination
with ICP have initially contributed to improving the treatment
outcomes in comparison with standard protocol based on ICP/CPP
but the difference has not been statistically significant.

4. Outline of the dissertation
The dissertation covers 118 pages except for annexes and

reference (preamble: 2 pages; overview: 33 pages, object and method

of research: 22 pages; reseach results: 28 pages; discussion: 33 pages,
conclusion: 1 page).
Chapter 1: OVERVIEW

1.1. Pathophysiology of the cerebral tissue hypoxia in TBI
1.1.1. Cerebral oxygen metabolism

As nervous cells reserve no oxygen and very little glucose, they
almost depend on the cerebral blood flow (CBF) and very sensitive to
hypoxia and anemia. The cerebral blood flow (CBF) is calculated in
the formula: CBF = CPP / SVR, of which CPP is main pressure of
cerebral circulation, calculated in the formula: CPP = MAP — ICP.



Correlation between the cerebral blood flow and consumption of
brain oxygen develops according to Fick equation: CMRO, = AVDO;,
x CBF. Close relationship between CBF and CMRO;, is also known as
“the couple between CBF — metabolism”. In normal physiological
conditions, CPP regulation ranges is 50 — 150 mmHg.

1.1.2. Pathophysiology mechanism of cerebral tissue hypoxia after TBI:

Direct vascular tissue | Hypoxia 1 | » | Systematic hypotension |
injury S P
I — _=| Ischemia - cerebral hypoxia |
1 Bt o
: Move ion and Decline energy and
1 .| depolarize (Na, K, -a- acidosis (ATP,
BloodBrain Barrier ‘ ca) - glucose)
injury s
)
Vasopasm . — I ~_ -
Cerebral edema ¥
i 1 .
Mlcll;o\lfascular 1 | stimulate cell Inflammation
embolism 1 i A
poisioning (Release process
gerebral blood flow \t | by agent: ' Release free radical
ecrease ] glytamate) ‘ Stress oxygenation
- -

Cell membrane abnomality and metabolism
apparatus (nervous conduction abnormalities,
programmed cell death)

Figure 1.2: Summarize pathophysiology mechanisms causing the
cerebral tissue hypoxia
1.2. Monitoring of cerebral oxygen metabolism
1.2.1. Indirect monitoring methods

1.2.1.1. Measure the saturation jugular venous oxygenation (SjO,): It
is to indirectly measure the cerebral oxygen metabolism by
retrograding an optical catheter into internal jugular vein toward the
venous sinuses. For severe TBI patients, value over 50% is deemed
nearly normal. When SjO, declines <50% for more than 15 minutes,
it is stated that the cerebral ischemia occurs. Monitoring SjO, means



indirectly monitoring total cerebral oxygen with low sensitivity but
high specificity in detection of cerebral ischemia.

1.2.1.2. Near infrared reflectance spectrum (NIRS): This is non
invasive and maybe used to continuously monitor the brain tissue
oxygen on multiple area of cerebral surface. This is based on
transformation and absorption of near infrared radiation (700 — 1.00
nm) at difference wavelengths when it goes through tissues. NIRS
results is affected by many factors to the tissue’s absorption including
thickness of cranium, myelin shell, cerebrospinal fluid, surrounding
light and modifications of extracerebral blood flow.

1.2.2. Direct monitoring methods of brain oxygen

1.2.2.1. Measure the brain tissue oxygen pressure (PbtO,): Pressure
O, brain parenchyma according to Clark principle: 2H,0 + O, <
2H,0, < 40H + 4e. Oxygen from extracellular space diffuses
through polyethylene membrane to the electrode’s electrolysis
chamber. In the electrolysis chamber, O, is converted OH™ at negative
kathode (gold) making a representative value for measured amount of
0,. PbtO, value provided by small electrodes represents amount of O,
released in the interstitial fluid and corresponding to amount of oxygen
available at cellular level. In the clinic, these small electrodes area
usually placed into the brain’s frontal lobe. It is better to select the right
hemisphere, unless a big hurt was seen on CT scan film or skull was
broken or chapped skin is impossible to place, the left frontal lobe will
be selected. O, sensitive are is 29 to 35mm under cerebral surface, in
the white matter. Monitoring PbtO, enables direct measurement of
oxygen pressure of a brain parenchyma area in a specific brain region



to evaluate supply and release of brain oxygen, which is significant to
discover secondary lesions due to ischemia or microvascular
hypoperfusion. More and more evidences indicate that low value of
PbtO., is related to cerebral tissue hypoxia and poor outcome.

1.2.2.2. Microdialysis: It is a neuromonitoring method by using
capillary techniques to sample endogenous substances in the tissue of
the brain. Components of the substances in the microdialysis
chambre will reflect envirement of extracellular space, provide
information on pathophysiological progress after TBI. An major
restriction of microdialysis lies in change of result depending on the
probe position (in the injured tissue, normal tissue or twilight region)
that leads to arguments about ideal position of the probe.

1.3. Treatment cerebral tissue hypoxia in the TBI:

1.3.1. Sedation and muscle relaxant: Adequate sedation reduce ICP
increase; consumption of O, rate of oxygen metabolism and
production of CO,, decreasing risk of cerebral tissue hypoxia.

1.3.2. Artificial ventilation: It is important to avoid hypoxemia,
hypocapnie and to assure SpO, > 95% or PaO, > 90 mmHg. To avoid
possibility of cerebral ischemia, PaCO, should be kept from 30-35
mmHg.

1.3.3. Hemodynamic treatment:

* Control ICP: target is to keep ICP <20 mmHg.

* Maintain CPP: Studies provided proof about CPP as a valid
monitoring parameter in treatment for severe TBI patients and it is
essential to keep CPP 50-60 mmHg to prevent cerebral tissue hypoxia.



1.3.4. Osmotic diuretic: Its main action mechanism is to move water
from intercellular space to the intravascular in order to increase the
blood volume, to decrease blood viscosity that results in decreased
SVR and decreased ICP.

1.3.5. Barbituric therapy: Barbituric therapy reduces brain oxygen
metabolism (CMRO,) and also CBF, which leads to decreased CBV
and ICP.

1.3.6. Hypothermia: Dropping body temperature moderately (30 -
34°C) proclaimed its effect of cell protection after total brain anemia.
The hypothermia reduces influence of total anoxic brain, production
of glutamate and prevent ATP declination.

1.3.7. Decompressive cranioectomy: Opening the skull is able to
clearly improve the brain compliance and to control ICP more easy.
Surgical outcomes are in direct proportion with consciense status at
the time of surgery. Unnecessary delay should be avoided on surgery
to remove the mass.

Chapter 2: OBJECT AND METHOD

2.1. Object of the research

2.1.1. Criteria to select patients: TBI patients has GCS < 8 after injury
and age 16 - 65.

2.1.2. Criteria to eliminate patients
* Sufferers of deep coma with GCS = 3, both sides mydriasis.
* Sufferer of severe multitrauma (ISS) > 25.

* Sufferers of chronic diseases: COPD, cardiovascular disease.



* Impossible to place PbtO,catheter: skull is broken and sunk
largely and complicatedly; scalp is lost; scalp area where is intended
to place is infected.

* Being suffering from coagulation disorder, previously took

anticoagulation.
2.2. Method of research

2.2.1. Research design: Clinical study with control groups are
conducted at Intensive Care Ward — Department of Aneasthesia and
Critical Care, Viet Duc Hospital from 05/2013 — 2/2015.

2.2.1.2. Calculate sample size

* Calculating sample size for the research to find correlation
between two continuous variables (targets 1 and 2): Use an available
spreadsheet to select sample power (power) = 90% and error type |
(o) = 0.05 with r = 0.50 (close correlation according to a previous
study) minimal quantity of patients is n = 37. In these two targets, our

research was conducted with 41 TBI patients.

* Calculating sample size for clinical trial research, comparison and
control group (for target 3): According to reference to a previous
intervention research, minimal sample size to find difference between

two groups is calculated in the formula:

[z a/2.V2p (1) +Z R/2.V pl(1-p1)+p2(1-p2)]*
n= =38 patients
.ﬂ.2




With this target, our research was conducted with 76 patients, of
whom 38 patients are in group of combined PbtO, and ICP
monitoring and 38 patients are in group of ICP monitoring.

2.2.1.2. Research facilities

* Monitoring PbtO,: Licox catheter and Integra" Licox® Brain Tissue
Oxygen Monitoring.

* Monitoring ICP: catheter and ICP Camino Integra.

2.2.2. Primary evaluation criteria in the research

* Determine correlation of PbtO, with ICP, CPP and treatment
result: Find correlation (r) between common average of PbtO, and
ICP and CPP for the first 24 hours and during monitoring after
inserting catheter to measure PbtO,; correlation (r) between PbtO,
value and ICP and CPP in 2 groups: survivor and death; poor
outcome and good outcome; correlation between low PbtO, < 10
mmHg and treatment result.

* Assess prognostic role of PbtO, in the severe TBI:

- Find risk factors (OR) and independent risk factors (OR revised)
of death and poor outcome in the severe TBI: low PbtO, value at
different thresholds (< 5, 10 and 15 mmHg); time of low PbtO,
prolonged differently (>30 minutes, > 4hrs and > 12hrs); purely low
PbtO, value or combined with different levels of ICP and CPP; brain
tissue oxygen response (TOR).

- Find prognostic features of death (Sp, Sn, PPV, NPV, ROC) of
PbtO, value at various low value thresholds.

* Evaluate results of protocol treatment based on PbtO, guidance:
Comparing the results between the group of severe TBI patients who
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were treated based on the PbtO, guidance protocol in combine with
ICP and the control group who was treated according to ICP guidance
protocol) based on the following criteria: rate of mortality and
survival; good and poor outcomes based on DRS or GOS scale at the
time of 6 months after TBI; GCS score, duration of mechanical
ventilation, respiratory state after moving out the intensive care ward,
local complications (bleeding, infection).

2.2.4.Steps of research conducting

2.2.4.1. Common treatment: All severe TBI patients who were
returned to the intensive care ward and had enough selection criteria
for the study were treated according to a common protocol before
being intervened by placing a catheter to monitor PbtO, or ICP,
including: artificial ventilation, analgesia sedation, patients posture,
body temperature control, anti-convulsants. Place and monitor the
continuous invasive artery blood pressure, monitor the central venous
pressure as directed.

* Method of identifying study groups (for target 3): All patients of
the two groups were selected in the same period of time. The
monitoring equipment and medical staff, attending doctors as well as
treatment methods, care operations have been not changed during the
study. Treatment protocol based on the guidance of ICP in severe
TBI patients was also like before PbtO, monitoring.

* Patients were inserted with a catheter to monitor PbtO2 and ICP
according to a sterile process as other surgical operations in the
hospital.
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2.2.4.2. Protocol treatment guidance base on PbtO, and ICP

* To eliminate interference caused by minor trauma on placing the
catheter to monitor PbtO,, PbtO, data just start recording and
adjustment 2 hours after the end of the catheter placement.

* All the patients in the study were treated according to the treatment
protocol guided by Brain Trauma Association 2007 to achieve a
treatment goal: PbtO, 20 — 35 mmHg, ICP < 20 mmHg, CPP > 60
mmHg, PaO, > 100 mmHg and PaCO, 35 - 40 mmHog.

PbtO2 (Licox) Treatment goal

< \> PbtO02>20 mmHg; ICP <20mmHg,
Severe TBI, GCS<8 Pressure brain tissue oxygen J|CPP>60mmHg
[Pa02>100mmHg; PaCO2 35-40 mmHg

ICP > 20mmHg Pbt02 < 15-20mmHg Pht02 < 15mmHg
PbtO2 normal ICP < 20mmHg 1CP > 20mmHg
Treat decreased ICP Treat cerebral hypoxia Treat decreased ICP and increased
PbtO,
Step 1: Step 1:
- Head position 30° - Lower head to 0° Step 1:
- Maintain T° < 37.5° - Examine effects on ICP - Raise the head to 30°
- Increase sedation - Maintain T° < 37.5° - Maintain T° < 37.5°
- Mannitol 20% 0.5g/kg - Increase CPP > 60 mmHg |- Increase sedation
- Compensate fluid to maintain CVP| - Increase CPP > 60 mmHg
|Step 2: 8-12mmHg - Mannitol 20% 0.5g/kg
- Increase TK PaCO, 30-35mmHg
- Mannitol 20% high dose 1g/kg Step 2: Step 2:
- Relax muscle - Increase FiO, to 60% - Mannitol 20% high dose 1g/kg
- Consider: CT scan to examine |- Increase PaCO, 45-50mmHg - Increase FiO, to 60%
- Blood transfution Hb>10g/dL - Blood transfution Hb>10g/dL
|Step 3: - Relax muscle
- Consider: Decompressive cranioectomy Step 3: - Consider: CT scan to examine
Barbituric coma - Increase FiO,to 100%
Hypothermia - Increase PEEP if FIO, has been| Step 3:
lalready increased - Increase FiO, to 100%
- Reduce ICP < 10mmHg - Increase PEEP if F10, has been already)|
* External ventrcular drainage if any increased
* Mannitol 20% |- Consider: Decompressive cranioectomy
* Increase sedation Barbituric coma
Hypothermia
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2.2.6 Study indicators

a- Risk factors of the secondary lesions: age, GCS, ISS, criterial
lesions on CT scan and classification of diffuse lesions by Marshall
category, hypotension and hypoxia when being hospitalized.

b — Indicators to be monitored for hours: ICP, CPP, PbtO,, HATB,

T°, Sp0O,, cardiac frequency.

c- Indicators to be monitored every day: arterial blood gas,

electrolytes and sugar paper, the frequency of interventions, Tissue

Oxygen Response test — (TOR).

d- Criteria to assess the treatment results:

2.2.8. Statistics: Research data were processed on SPSS 16.0.
Chapter 3: RESULT

3.1. Correlation between PbtO, and ICP, CPP and treatment result
3.1.1 Some common feature: Most patients are young and in the
working age. The percentage of men make up the majority (82.9%).
Average ISS at the time of hospitalization is relatively low (<16).
3.1.2 Lesions distribution on CT scan film: The injuries which are
the most popular and high percentage are subarachnoid heamorrhage
(80.5%), multifocal cerebral contusion (44.7%) and heamorrhage
subudral (47.4%). The level IV according to the Marshall
classification of diffuse injury are the most popular (70.7%).

3.1.3 Position of catheter placement to monitor PbtO,: Most
placements in the normal brain area where there are little or no
vulnerability (accounting for 95.1%). The number of patients having
skull opened to release press is majority (78.05%).
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3.1.4 Correlation between PbtO, and ICP

50
0 I Pbt02
30
20

lzi ALNS

0 8 16 24 32 40 48 56 64 72 80 88 9%

Time after Licox placement

Chart 3.1: Trend of PbtO, and ICP

During the 5-day monitoring, the correlation between the value of
PbtO2 value and ICP average is low and opposite, with coefficient r = -
0.251 (Spearman Correlation) with p <0.01.

3.1.5 Correlation between PbtO, and CPP

LSW Pbt02
30 —=— ALTM

0 8 16 24 32 40 48 56 64 72 80 88 96

Time after Licox placement

Chart 3.2: Trend caa PbtO2 and CPP

Correlation between 2 PbtO, value and average CPP value i slow and
forward with coefficient r = 0.226 (Spearman Correlation) with p < 0.05.
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3.1.7 Trend and distribution of PbtO, value on average for the first
24 hours between two groups of death and survival

| =@= Death Survival | T

50 wl
1 N
30 i a2
20 - 4 % ul-
10 wl

0 Al

0 6 12 18 2 Time after Licox placement

Charts 3.3 and 3.4: Trend and distribution of PbtO2 value between
two groups of death and survival

PbtO, value for the first 24 hours after catheter placement, for the
group of dead patients PbtO, has frequency of PbtO, value <10 mm
Hg and time PbtO, <10 mm Hg prolonged (significant difference, p
<0.05 (t - student).

3.1.9 Correlation between PbtO, value and CPP in 2 groups of
death and survival

—@— PhtO2 death PbtO2 survival "r — 10z s e e
~—&— CPP survival CPP death wl [ g Ot el
100
80 -
T Xghw
©® § i
PR VTS S R
Maadniie Ad
20 - - e .
0 Time after placement
0 12 2 3% 48 60 72 8 % - g g

Chart 3.5 and 3.6: Trend and distribution of PbtO2 value and CPP
average for the firts 24hrs between 2 groups of death and survival

Correlations between PbtO2 value with average CPP in the death
group is very closely and forward, with coefficient r = 0.791 (p
<0.01) (Spearman Correlation).
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3.1.10 Correlation between Low PbtO, value and treatment result

M Death Survival

100
80 4 Bad result Good result
80

60 52

40
18.7

20 8.3

0
PbtO2 <10 mmHg

Chart 3.7. Frequency of low PbtO, value <10 mmHg and
treatment result. (*) with p<0.05.

The percent of patients with Low PbtO2 values < 10 mmHg was
statistically different between the groups of death and survival

(80.0% versus 8.3%; p<0.001).
3.2 Prognostic role of PbtO, in monitoring severe TBI

3.2.1 Independent risk factors of the death in the severe TBI:
Table 3.1 Independent risk factors of the death

Odds ratio hi¢u

Risk factors chinh(C1 959%)

After placement
1. Low PbtO, < 10mmHg after placement 20.9(1.2-369.4) | <0.05
2. Low PbtO, < 15 mmHg and high ICP > 30 20.9 (1.2 - 369.4) | <0.05
mmHg after placement
The first 24 hours after placement

3. PbtO, average low < 15mmHg and ICP
average high > 30mmHg for the first 24 h 354 (1.2-1012) |<0.05
Total 5 days monitoring after placement
?.h:_sow PbtO, < 10 mmHg prolonging over 44.0 (3.6 -5305) | <0.01
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Independent risk factors of the death include: Low PbtO, value <
10mmHg; low PbtO, value <15mmHg and high ICP > 30 mmHg
after placement; average low PbtO, < 15 mmHg and average high
ICP > 30mmHg for the first 24 hours and low PbtO2 value < 10
mmHg prolonging over 7hrs during monitoring period.

3.2.2 Independent risk factors of bad treatment result
Table 3.2. Independent risk factors of the poor outcome

Risk factors

Odds ratio p
adjusted

Low PbtO, < 15mmHg prolonging > 4 hrs

6.5(1.1-38.1) | <0.05

High risk factor of the poor outcome in treatment of severe TBI is
related to low PbtO, value < 15mmHg prolonging over 4hrs.
3.2.3. Effective property of death prognosis of PbtO, value

Table 3.3. Effective property of death prognosis of PbtO, < 10mmHg

Effective propertys of prognosis PbtO, < 10mmHg Value
Sensitivity 0.800
Specificity 0.916
Positive prediction value 0.571
Negative prediction value 0.967
False positive level 0.429
False negative level 0.033
Para-net ratio of positive test 8.53

Prognostic Effective propertys of PbtO, after placement is

generally relatively high. Sensitivity and specificity at 0.80 and 0.916
respectively showed PbtO, is valuable for early detection of the risk

of death in severe TBI patients.
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/ / Area under curve
of ICP =0.945

Area under curve
PbtO, =0.841
(p>0,05)

Chart 3.8. Performance line of ROC of PbtO, and ICP.

3.3. Assessment on treatment efficiency according to guidance of PbtO,

3.3.1. Some distribution propeties in common between two groups:
Average age, proportion of men and women, ISS point, Glasgow
point, rate of hypotension and hypoxia patients at the time of
hospitalization between the two groups was not different with p> 0.1.

3.3.2.Lesions distribution on CT scan at the time of hospitalization:
The most frequent injury in the 2 groups was subarachnoid
hemorrhage and statistically-unsignificant difference. The most
popular diffuse injury by Marshall classification in the PbtO, group is
level IV (68.5%) higher than the ICP group (42.1%) with statistical
significance (p <0.05).
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3.3.3. Neuromonitoring parameters for 24 hrs between 2 groups

Table 3.4. Neuromonitoring parameters for 24 hrs between 2 groups

ICP group | PbtO,group
Neuromonitoring parameter | (N =38) (n=38) P

(X £SD) | (X £SD)
ICP after placement 301+£218 | 241+£16.3 | >0.1
ICP average 248+26 245+0.9 >0.1
ICP highest average 33.2+19.1 | 26.3+£15.0 | >0.05
CPP average after placement 60.0+19.7 | 71.2+14.8 | <0.01"
CPP lowest average 61.9+278 | 63.2+149 | >0.1
CPP average 70.3+34 66.4+2.0 | <0.01"
In which: *p<0.01

The average values of ICP at the times the between two groups

are high (>20 mmHg) and the difference was statistically

insignificant (p> 0.1). The average value of CPP in the ICP group is

higher than the PbtO, group but above 60 mmHg and the difference

was statistically significant (p <0.001).

3.3.4. Treatment result between two groups:

- Mortality in PbtO, group is lower (13.1%) than ICP group (21.1%);
GOS score > 4 and DRS score < 6 after six months (good outcome) in
the PbtO, group are higher than ICP group (34.2% versus 26.3%), but
the difference is not statistically significant (p> 0.1).
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Chart 3.9. Treatment result after 6 months

Chapter 4: DISCUSSION

4.1. Threshold of PbtO, value in the TBI treatment

We found that when number of patients have low PbtO, value
< 10 mmHg prolonging > 1 hour, the higher death rate has
statistical significance (80.0% versus 8.3%; p <0.001). According
to recommendation by Brain Injury Association, low PbtO, value
threshold <15 mmHg is at which the treatment result becomes
worse in need of treatment intervention and some authors even
called it a " ischemia threshold ". Author Oddo stated that
threshold PbtO, <20 mmHg is possibly considered to be a risk of
cerebral tissue hypoxia and called as early treatment threshold for
PbtO, value.
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4.2. Interrelation between PbtO, and position of catheter
placement

In our reseach, most patients has catheter placed to measure PbtO,
in the normal brain area (accounting for 39/41 patients); of which
60.97% is in the right frontal lobe and 39.03% is in left frontal lobe.
In this research, we chose to place catheter in the normal brain
because such choice enables to evaluate oxygen status in the brain
not only localizing in the cerebral hemisphere where the catheter is
placed but also evaluating oxygen in the whole brain. Moreover, for
the purpose of maintaining treatment threshold PbtO,> 20 mmHg, it
is possible to partially improve the cellular oxygen levels in the
"twilight" parenchyma as well as in the uninjured parenchyma. This
is also consistent with the results give by the author Ponce.
4.3. Correlation between PhtO, and ICP

Our results showed that the average values of PbtO2 and ICP are
not in correlation with each other (r = -0.25; p <0.05) during
monitoring process. The author Rohlwink also showed a weak
correlation between PbtO, value and ICP value (r = 0.04); without a
specific ICP threshold decisive to decreased PbtO,.
4.4. Correlation between PbtO, and CPP

The relationship between the PbtO, value and CPP value in all the
study patients is only a weak correlation (r = 0.226; p <0.05).
However, statistical relations with very close and forward correlation

are determined in the group of dead patients (r = 0.79; p <0.01).
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Marin-Caballos also showed that PbtO, is closely correlated to the
CPP at threshold <60 mmHg (r = 0.50; p <0.01). A number of
mechanisms such as reduced brain oxygen diffusion (due to
microcirculation disorders, interstitial edema) may reduce brain
tissue oxidation explaining why PbtO, may decrease while PaO, and
CBF remains normal.

4.5. PbtO2 value in the death prognosis

Our research shows that two independent risk factors of mortality
in severe TBI patients after after placement are low PbtO, < 10
mmHg after placement (OR = 20.9), low PbtO, value <15 mmHg in
collaboration with increased ICP> 25 mmHg after placement (OR =
20.9). For the first 24hrs, we found the only one independent risk
factors of mortality after severe TBI remaining is average low PbtO,
<15 mmHg for the first 24 hours in collaboration with average ICP
value > 30 mmHg (OR = 35.4) 24 hours for the first. Similarly,
during the 5 days monitoring after placement, it is shown that only
one independent risk factor of mortality remaining is low PbtO, <10
mmHg prplonging over 7 hours (OR = 44.0). Van den Brink also
showed that the extent and duration of deep declination of PbtO; e is
an independent risk factor for treatment result of TBI patients after 6
months. Thus, we found that independent risk factors to treatment
result is low level of PbtO, value (< 10 mm Hg) and both prolonged
time of cerebral tissue hypoxia (low PbtO, < 10 mmHg prolongs at
least 7 hours) .



22

4.6. PbtO2 value in the poor outcome prediction

Our research shows that only independent risk factors of PbtO, in
relation with poor outcome in the severe TBI patients is low PbtO, value <15
mmHg prolonging over 4hrs (OR = 6.5; p <0.05). Manoley-Wilensky
also showed that cerebral tissue hypoxia (Low PbtO2 < 10 mmHg
and prolonged at least 15 minutes) is an independent risk factor of
poor outcome (OR = 4.0).

4.7. Effective property of death prognosis of PbtO,.

Effective prognistic properties of PbtO, value < 10 mmHg after
catheter placement in predicting the morality of TBI patients m with
an area under the performance line is large (0.841) suggesting good
accuracy of fatal prognosis. Clinical practice shows that if the PbtO,
value threshold is too low (<5 mm Hg), a window space in patient
treatment will biomitted so as to recover the function of brain cells as
well as the survival chance of the patients . Therefore, using a higher
value threshold (PbtO,< 10 mmHg) is not only valuable for the
treatment result prediction but also helpful to screening, early
detection of TBI patients at high risk of death.

4.8. Evaluate treatment result based on PbtO, guidance

Our research showed that the group of patients treated on PbtO,
based guidance in combination with ICP tended to reduce mortality
by 10% (13.1% versus 21.1%) and nearly 8 % rate of patients with
good outcomes (GOS > 4) after 6 months (34.2% versus 26.3%)
compared with the group of patients treated according to ICP / CPP
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based guidances. However, this result has not really showed that
this difference was statistically significant between two groups (p>
0.05). These research results also tend to be the same of the authors
in the world. Moreover, with serious degree of intial injury (GCS
<8) in severe TBI patients, the difference in treatment results is
sometimes very small, thus requiring a randomized comparison
study with greater size of patients that will possibly enable
clarifying the reliability of PbtO, based treatments.

CONCLUSION

Studying 41 severe TBI patients who are monitored PbtO,, we
gained the following outcomes:

1. Correlation between PbtO, with ICP, CPP and treatment
results:

- PbtO2 value and ICP value correlate each other at weak level (r
=-0.251; p < 0.01) during monitoring process.

- Relationship between PbtO, value and CPP value in all the
studied patients only correlates at weak level (r = 0.226; p < 0.05).
Nevertheless, this correlation is very close and forward in the group
of dead patients (r = 0.79; p < 0.01); in the patients with poor
outcome, this correlation is also close (r = 0.501 and p < 0.01).

- Low PbtO, value < 10mmHg prolonging > 1h for the first 24
hours in combination with increased rate of death is statistically
significant (80% patients in the death group and 8.33% patients in
survival group; p < 0,05).
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2. Prognostic value of PbtO,:

- For death group: independent risk factors is low PbtO, value <
10mmHg after placement or low PbtO, value < 15 mmHg in
coordination with increased ICP > 30 mmHg after placement;
average PbtO, value < 15 mmHg in coordination with average ICP >
30 mmHg for the first 24 hours and low PbtO, < 10 mmHg
prolonging over 7 hours during the monitoring process.

- For poor outcome: there is 1 independent risk factor that islow
PbtO, < 15mmHg prolonging over 4hrs.

3. Evaluate treatment efficiency: Treatment protocol on the PbtO,/ICP
based guidance tends to reduce mortality and increase number of
patients with good outcome after 6 months in comparison with
conventional treatment protocols on the ICP/CPP based guidance.
However, this difference has not been statistically significant (p> 0.05).



