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Danh gia chinh x4c d6 sau trong gy mé (46 mé) 1a co so dé duy tri mé 6n dinh,
gitip tranh cac nguy co do gy mé quéa ndng hodc qua siu, gop phan rat ngan thoi
gian hoi tinh va ning cao chit lugng diéu tri. Cac ddu hiéu 1am sang danh gia do
mé thuong bi chong lan béi kich thich dau nén ching khong dic hiéu va kho lugng gia.
Ngay nay, nhiéu may theo ddi dién nio dugc phat trién va tng dung vao danh gia
d6 mé v6i nhidu trudng thong tin hién thi va gia tri 1am sang khac nhau. Hiéu duoc
nguyén 1y hinh thanh va y nghia cta cac théng sé giup danh gia d6 mé duoc chinh
xac va toan dién. Bai tong quan nham khai quat vé ung dung theo ddi hoat dong
dién ndo trong danh gia d6 sau gy mé va mot sé luu y trong thuc hanh 1am sang.

Tir khéa: Dién ndo dd; Gay mé; Do sau giy mé.

APPLICATIONS OF ELECTROENCEPHALOGRAPHY
IN MONITORING THE DEPTH OF ANESTHESIA

Abstract

Accurate assessment of anesthesia depth is essential for maintaining balanced
anesthesia, preventing complications from under - or overdosing, enhancing
recovery, and improving outcomes. Clinical signs used to evaluate anesthesia
depth are often confounded by pain stimuli, making them non-specific and
challenging to interpret. Electroencephalography (EEG)-based monitors are
commonly used, each with distinct strengths and limitations. A thorough
understanding of the mechanisms behind each parameter and how they are
displayed allows for a more precise assessment. This review examines the
perioperative applications of EEG, the mechanisms behind processed parameters,
and their changes during general anesthesia while highlighting key considerations
for clinical use of EEG-based monitors.
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PAT VAN PE

Gay mé 1a trang thai mat tam thoi y
thirc, cam giac va phan xa gay ra bdi
thude, duoc duy tri on dinh vé tuan
hoan, h6 hap, than kinh thuc vat va than
nhi¢t [1]. Gdy mé nong lam tang nguy
co thic tinh trong mo, giy anh huéng
ning né dén tam ly bénh nhan (BN), gay
mé qué sau gay trc ché va suy giam chirc
nang cac co quan, cham hdi phuc va gay
ra cac roi loan nguy hiém.

Dénh gid 4o mé trén lam sang thuong
dua vao mach, huyét ap, va md hoi va
chay nuéc mit. Tuy nhién, cac ddu hiéu
nay thudng bi chong 14n boi dap tmg cua
tay séng voi kich thich dau, nén khong
phan anh trung thyc do mé va tinh trang
hoat dong ctia nao [2]. Theo doi hoat
dong dién nao (electroencephalography -
EEG) trong gdy mé la phuong phap
danh gia d6 mé tryc tiép, khach quan,
khong xam 14n, ngay cang trd 1én phd
bién, dic biét trén BN nguy co cao vé
roi loan huyét dong va ton thuong than
kinh [3, 4]. Ching giap giam ty 1¢ thirc
tinh trong mo, giam luwong thuéc mé can
dung va rat ngan thoi gian hoi tinh [5].

Nhiéu may theo di EEG danh gia do
mé di duoc phat trién v6i nhicu thong
tin hién thi. Mdi thong tin cé ¥ nghia va
d6 tin cay khac nhau. Hiéu duoc nguyén
1y hinh thanh va nhiing yéu t6 tac dong

gitp danh gid do mé duogc chinh xac va
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toan di€n, nghién ctru nay dugc thuc
hién nham: Khdi qudt vé cdc théng sé
hién thi véi nguyén Iy hinh thanh, sw
thay doi trong gdy mé va mot sé leu
khi ap dung trong lam sang.

NOI DUNG TONG QUAN

1. Sy hinh thanh va phan loai song
dién nao

Neuron dugc chia thanh neuron chirc
nang (90%) c6 vai tro chinh hinh thanh
chirc ning ciia ndo va neuron e ché 6
vai tro kiém soat hoat dong neuron chure
ning. O vé ndo, khi cac neuron chirc
nang (neuron hinh thap) hoat dong,
xung dién dan truyén bén trong neuron
tir dendrit vé than té bao, qua axon roi
td1 cac synap, qué trinh nay hinh thanh
tor truong & ngoai bao [6]. Tu truong
dugc tao ra do mdt neuron thuong thép
va kho thu duoc bang dién cuc gian tiép,
nhung axon cua cac neuron hinh thap ¢
vo ndo siap xép song song nhau va
vudng goéc voi da dau nén tir trudng
cong hudng tao ra du 16n va co thé phat
hién duoc béng dién cuc dit & da dau
(Hinh 1A4). Tin hi€u thu dugc 1a céc
song dao dong phan anh EEG. Ddi thi
nam siu bén trong ndo va thuong phat
ra tr truong yéu nén khé phat hién. Tuy
nhién, do vo ndo va doi thi lién h¢ chat
ché véi nhau nén qua EEG c6 thé danh
gi4 hoat dong ciia mdi lién két nay [7].
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Hinh 1. Sy hinh thanh di¢n nao va phan loai song [8].
EEG gdm nhiéu dao dong véi dai tan s6 khac nhau tir song cham dén song y
(Hinh 1B). Ty 1& thanh phan cac soéng phu thudc vao diéu kién sinh 1y va vi tri dién
cuc. Trong theo doi d0 mé, dién cuc thuong dugc dat & vung tran, phan anh hoat

dong cua thuy tran trude.

2. Thong tin hién thi ciia may theo
ddi va bién ddi trong gy mé

* Dién ndo nguyén ban:

La tin hi¢u hoat dong dién cua nao
chua qua xir 1y hién thi truc tiép trén
man hinh theo doi (raw EEG - rEEG).
Dua vao bién do va tan s6 dao dong cd
thé danh gia duogc tinh trang sinh 1y cta
ndo. rTEEG phan anh trung thuc hoat
dong dién ciia ndo, 1a dit liéu nguon, tir
d6, chuyén doi thanh cac dang thong tin
khac [8]. Panh gia o mé qua rEEG cho
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két qua chinh xac, nhung do c6 khbi
luong thong tin 16n nén dé phan tich
dugc thi k¥ thuat vién can phai c6 kinh
nghiém.

Bién d6i rEEG trong gdy mé véi cac
thudc mé tinh mach c6 co ché tic dong
thong qua thu thé GABA (propofol,
etomidat, barbiturat): Khi chuyén tir trang
thai thic tinh sang gay me, rEEG thay
d6i theo xu hudng chuyén tir cac song
¢6 tan s6 cao bién do thap sang cac song
c6 tan sb thap bién do cao (Hinh 2) [8].
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Hinh 2. Hinh thai EEG ¢ cac trang thai [8].
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- Trude khoi mé: Khi BN tinh va mo
mat, séong P tan s6 cao bién do thip
chiém wu thé, khi nhim mit séng o
chiém uu thé.

- Khai mé: O liéu thap, BN an than
nhe, mit nham. Tang liéu thubc mé, BN
chuyén sang trang thai kich thich
nghich thuong (cur dong va 101 no1 vo
thirc, & trang thai giéng nhu hung phan),
tang hoat dong cua song P.

- Duy tri mé: rEEG ¢ 4 dang tuong
tmg véi @6 mé khac nhau (phau thuat
duoc thyc hién ¢ pha 2 va 3):

Pha 1 (mé nong): Séng P gidm, tang
song o va o.

Pha 2 (mé trung binh): Mét séng P,
chi con song o va 3, hinh thai nay giéng
nhu rEEG & pha 3 non-REM cuia gidc
ngu sinh ly.

Pha 3 (mé sau): Xen k& céc doan
phtc hop o-p 14 cac doan dang dién,
dang “@c ché - bung nd” (burst
Chi s6 BSR (burst
suppression ratio = thoi gian cac doan

suppression).

dang dién/tong thoi gian) phan anh mirc
d6 bi e ché cua ndo, ty 18 nay cang cao
cho thay ndo cang bi rc ché, twong g
vo1 d§ mé cang sau.

Pha 4 (mé rat sau): rEEG ¢ dang
duong thang (dang dién). Trang thai nay
thuong thiy khi dung liéu cao barbiturat
hodc propofol v&i muc dich bao vé nao
trong cac phau thuat than kinh va tim
mach, hoic céc truong hop chét nio.
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- Thoat mé: rEEG thay d6i theo xu
huéng chuyén dan tir cic song chim
bién do cao sang soéng nhanh bién do
thap. BN héi tinh khi xuat hién song B
vay.

* Pién ndo quang phé héa:

Céc thong tin ctia rEEG theo mién
thoi gian dugc chuyén do6i thanh dang
ph6 mau theo mién tan sb.

Nguyén ly: tEEG dugc phan chia
thanh cac doan tin hi¢u c6 do dai 3 giay
va chong 14n 0,5 gidy. Bang thuit toan
chuyén d6i Fourier (Fast Fourier
Transform), doan tin hi¢u dugc phan
tach thanh cac song thanh phan véi tan
s6 khac nhau (Hinh 34). Mbi song
thanh phan c6 bién do dao dong nhat
dinh (uV) phu thudc vao tinh trang sinh
1y ctia ndo. Poan tin hiéu rEEG tir mién
thoi gian duoc chuyén dbi thanh mién
tan s0. Biéu thi mdi lién quan gitra tan
sd va muc nang luong cua cac song
(binh phuong bién do dao dong - uV?)
dugc mot phd (Hinh 3B). Mi hoa cac
mirc nang luong voi mau khac nhau
(Hinh 3C) va xép cac chudi phd dimg
canh nhau dwgc d6 thi quang phd 3
chiéu (Hinh 3D). Tai day, don vi cua
nang luong song duoc hién thi 1a dB
(decibel, 1dB = 10 x logio (bién dd)?),
giup giam bét sy chénh 1éch dd 16n gitra
cac song. Biéu dién do thi nay ¢ dang
hai chiéu dugc méang phd mat do
(density spectral array - DSA, Hinh 3E),
goi tit 1a quang phd [9].
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Hinh 3. Qua4 trinh quang phd hoa dién nio [9].

Qua d6, do 16n cac song thanh phan
duoc hién thi béng mau sic va dién tién
theo thoi gian. Tan so trung vi (median
frequency - MF) 14 tan s6 chia pho ning
lwong thanh hai mang bang nhau, tan sd
ria quang pho (spectral edge frequency -
SEF) 14 tan sb véi 95% ning luong cua
phd & dudi gia tri ndy (Hinh 3B va E).
DbJ mé dugc danh gia thong qua sy thay
d6i mau sac cta cac dai song thanh phan
di cung véi xu hudng thay ddi cia MF
va SEF.

Céach hién thi nay giup nhan dinh
thong tin truc quan hon, danh gia dugc
xu huéng dién bién va c6 thé so sanh
hoat dong cta hai ban cau ndo. Tuy
nhién, chua dinh lugng dugc do mé.

Quang phd cua BN duoc gy mé
bang propofol (Hinh 4) [8]:

- Trude khéi mé (tir phut 0 - 5): Xuét
hién séng y va B (mau do va vang nam
trong dai tan s6 > 13Hz), BN tinh hoan
toan.

- Khoi mé (tr phut 5 - 7): Sau khi
tiém 200mg propofol, song y va  giam
(trong dai tan s6 > 13Hz: Mau do va
vang chuyén sang xanh), séng chim
(< 1Hz) va song & (1 - 4Hz) chiém uu
thé, BN vao trang thai mé.

- Duy tri mé (tur phat 7 - 27): Duy tri
propofol 100 pg/kg/phit, song y va B
giam, thay thé bang su xuat hién cua
song o (mau do trong dai tan s6 8 - 13Hz)
va séng & (1 - 4Hz). Dang phd nay duoc
duy tri trong sudt qua trinh gdy mé, BN
& trang thai mé du cho phau thuat.

- Thoat mé (tur phut 27 - 40): Song o
va & giam dan ning luong, song B va y
dan xuat hién.



TAP CHI Y DUQC HQC QUAN SU SO 2 - 2025

| Trudc khdi mé || Khoi mé

Duy tri mé |

| Thoat mé |

40 '
351

w
o

(Hz)

an sb
o

o
(%)
T

T3
-
o

w

o
o

5

200 mg 100 pg/kg/phut
Propofol

10 15

“H‘e TN 1 i

20

|

ng lwong (dB)

25 30

Thoi gian (phut)

Hinh 4. Quang phd trong gy mé bang propofol [8].

* Pién ndo sé héa:

Bing cac thuat toan, may theo ddi
chuyén doi thong tin tir rEEG thanh gia
tr1 dang sb di kém voi cac khoang tham
chiéu twong tng voi cac mic do mé.
Vi du: V61 modul Entropy (GE
Healthcare), chi sé6 d0 mé SE (state
entropy) dugc sé héa trong khoang
0 - 91 v6i murc twong Gmg: Mé rat sau
(0 - 20), mé sau (20 - 40), mé phu hop
cho phdu thuat (40 - 60), an than
(60 - 80) va tinh (80 - 91). Chi sb cua
mot s6 may theo ddi ¢6 mé thong dung
duogc trinh bay trong bang 1.

Vé nguyén 1y, cac hiang khac nhau sir
dung thuat toan chuyén d6i khac nhau,
cho dén nay, ching dang thudc ban
quyén va chuwa dugc cong bd. Nhin
chung, nguyén 1y co thé 1a: (1) Tong
hop cac thong s ciia rEEG theo ca mién
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thoi gian va tin sd cing véi cac thong
s6 bd tro, sau do, ddi chiéu véi gia tri
thu dugc trén quan thé ngudi tinh
nguyén (BIS). (2) Panh gid ¢ hon loan
hay bat dinh ciua mot hé thé)ng tin hiéu,
ap dung cac k¥ thuat xtr 1y tin hiéu dé
phan tich tinh ngau nhién va phuc tap
cua tin hiéu rEEG thu duoc tr BN
(Entropy). Khi d6 mé ting, su hon loan
cia tin hiéu EEG s& giam, chi sb
entropy giam [10]. (3) Ty 1€ nang luong
twong ddi gitta cic song thanh phan
(Narcotend, patient state index - PSI).

Chi s6 dién ndo s6 hoa gitip nhanh
chong nhan dinh va co thé luong gia
dugc dd mé. Tuy nhién, & cung mdt chi
$6, v6i cac thudc mé khac nhau, hoat
dong dién nao co thé khac nhau va cac
yéu t6 gy nhidu EEG anh huong 16n
dén do tin cdy cua gia trj nay.
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Bang 1. Chi s6 ctia mot sé may theo ddi do mé thong dung.

Bispectral Entropy Narcotrend  Sedline Cerebral State
Index Monitor
Dién nio sb hoa BIS Index SE NCT Index PSI CSI
RE Stage
Tén s6 khao sat - SE: 0,8 - 32 ~ 0,5-50 6-42
(Hz) RE: 0,8 - 47
Khoang gia tri 0-100 SE:0-91 NCT:0-100 0-100 0-100
RE: 0-100  Stage: A-FlI
Do mé du 40 - 60 SE:40-60 NCT:25-50 25-50 40 - 60
cho phau thuét RE:40-60 Stage: DO - El
Quang phd 2 kénh Khong 2 kénh 2 kénh Khong
SEF Co Khoéng Co Co Khoéng
MG Co Khoéng Co - Khong
ASYM Co Khong Co Co Khong
Nang lugng Khong Khong Co Khong Khong
tung song
rEEG
S6 kénh 4 1 2 4 1
BSR Co Co Co Co Co
Chi s6 khéc
biénco (donvi, EMG-dB  Tuongquan EMG-Index EMG-% EMG-%
k‘hoérrlg gia tri, (30 - 55) RE-SE (0 - 100) (0 - 100) (0 - 100)
tan so khao si) 20 1 1omz) (75 - 85Hz)
Chat luong SQI ARTF SQI
tin hi¢u

(SE: State entropy, RE: Rapid entropy,; PSI: Patient State Index; CSI: Cerebral State Index;
SEF: Spectral edge frequency; MF: Median frequency, ASYM: Asymmetry indicator,
BSR: Burst suppression ratio; ARTF': Artifact index,; SQI: Signal quality index)

11
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3. Mot s6 luu y trong thue hanh
theo doi do mé

* Cdc yéu té anh hwong EEG trong
phong mo:

Vi tri tiép xuc cua dién cuc: Dich va
mo hoéi giy ting tré khang lam giam
chat luong tin hiéu (st dung gel ion
giup ting kha ning dan dién).

Nhiéu do dao dién, thao tic phau
thuat, cir dong ctia BN, hoat dong dién
ctia tim (dic biét & BN co cb ngin va
chu vi 16n), pacemaker.

Hoat dong dién co mat: Do co tan sb
10 - 300Hz chong 14n tan sé dién ndo
lac tinh, kho duoc loc hoan toan, gay sai
léch chi s& d6 mé. Gidn co khong du,
dau va liéu opioid cao thudong gy ting
hoat dong dién co. Do do, khi danh gia
d6 mé, ludn phai trong méi twong quan
vOi tinh trang gian co [4].

Céc bénh 1y va réi loan bat thuong tai
ndo: EEG dién thé thip bam sinh gip ¢
5 - 10% dan s6. BN co giat, dong kinh
gay tang bién do EEG. Cac bénh tam
thin nhu hoang tudng, giam tri nhd,
Alzheimer thuong tang cac song cham
va giam song nhanh, gay giam chi sb do
mé. Gidm tudi mau ndo, ha duong
huyét, ha than nhiét, gay giam bién do
rEEG. Chén thuong so nao va bai nao ¢
tré em cho chi s6 d6 mé thap hon so voi
nguoi binh thudng.
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* Két hop nhiéu truong théng tin:

Mic du dién ndo sd hoa giup danh
gid d6 mé don gian, chi s6 nay khong
hoan toan phan anh trung thyc do mé tai
mot thoi diém do c6 thé bi nhidu boi
nhiéu yéu td. Vi cung mot gia tri dugc
hiéu 13 cung d6 mé, mic du dung véi
thuc mé khac nhau, tuy nhién, khi
phan tich trén rEEG va quang phd cho
thiy hoat dong cua nio 1a khac nhau. Do
do, trong lam sang, khi danh gia d¢ meé
can phai két hop gia tri s héa, quang
phé va tEEG, trong do6, dac biét nhéan
manh vai tro cta phan tich rEEG va
quang pho [11]. Bén canh d6, danh gia
d6 mé qua dién tién cua chi s6 c6 ¥
nghia hon danh gi4 tai mot thoi diém.

Loai may theo ddi hoat dong dién
ndo ciing can duoc quan tam [12]. Loai
va lidu luong thubc mé dang dung anh
hudng dén hinh thai rEEG do céc thudce
mé c6 co ché va dich tac dung khac
nhau [8]. Thong tin vé ndng do tic dung
cta thudc 1én co quan dich 1a yéu t6
quan trong dy doan d6 mé. Piéu nay
hitu ich khi cac thong sé phan anh do
mé khéng tuwong dong nhau. Tai Bénh
vién Quan y 103, Hoc vién Quan y, do
mé duoc theo ddi bang modul Entropy
hién thi cung mdt luc do mé s6 hoa va
rEEG, duy tri mé dung theo phuong
thirc kiém soat nong do dich TCI voi
propofol va kiém soat nong do trong
phé nang véi sevofluran.
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Trong tuong lai, hé théng theo ddi do
mé c6 thé s& duoc két ndi v4i hé thong
cung cap thudc mé, tir do, lidu thudc mé
s& dugc ty dong tinh toan va diéu chinh
dua vao do mé dugc cap nhat. Qua do,
gitip ca thé hoa liéu thudc mé cho timg
ngudi bénh, diéu chinh d6 mé chinh
xac, kip thoi va 6n dinh.

KET LUAN

Cung voi dau hiéu l1am sang, céac
thong s dién ndo giup tang tinh chinh
xéc trong danh gia d6 mé. Pién nio sd
hoa gitip don gidn hoa trong xac dinh d
mé, nhung dé bi nhiéu, khong phan anh
chi tiét tinh trang hoat dong nao, do tin
cdy khong cao & mot s6 nhom BN va
mot s6 thube mé. Pién ndo nguyén ban
va quang pho cung cap nhiéu thong tin
dién hoc nhung can phai c6 k¥ ning va
kinh nghiém phan tich, do dé, can két
hop céc chi s6 trén dé danh gia do6 mé
chinh xac va toan dién.

Pao dirc nghién ciru: Bai tong quan
nham nang cao chat luong diéu tri, tudn
thu chit ché cac quy dinh vé mat y dirc,
khong chtra bit ky thong tin cua BN
nao. Nhom tac gia cam két khong co
xung dot lo1 ich trong nghién clru.

TAI LIEU THAM KHAO

1. Brown EN, Lydic R, Schiff ND.
General anesthesia, sleep, and coma. N
Engl J Med. 2010; 363(27):2638-2650.
DOI:10.1056/NEJMra0808281.

2. Roche D, Mahon P. Depth of
anesthesia monitoring. Anesthesiol Clin.
2021; 39(3):477-492.

3. Short TG, Campbell D, Frampton C,
Chan MTYV, Myles PS, Corcoran TB, et
al. Anaesthetic depth and complications
after major surgery: An international,
randomised controlled trial. Lancet.

2019; 394(10212):1907-1914.

4. Hajat Z, Ahmad N, Andrzejowski J.
The role and limitations of EEG-based
depth of anaesthesia monitoring in
theatres and intensive care. Anaesthesia.
2017; 72(1):38-47.

5. Checketts MR, Alladi R, Ferguson K,
Gemmell L, Handy JM, Klein AA, et al.
Recommendations for standards of
monitoring during anaesthesia and
recovery 2015: Association of anaesthetists
of Great Britain and Ireland. Anaesthesia.
2016; 71(1):85-93.

6. Buzsaki G, Anastassiou CA, Koch
C. The origin of extracellular fields and
currents-EEG, ECoG, LFP and spikes.
Nat Rev Neurosci. 2012; 13(6):407-420.

7. Hughes SW, Crunelli V. Thalamic
mechanisms of EEG alpha rhythms
and their pathological implications.
Neuroscientist. 2005; 11(4):357-372.

8. Purdon PL, Sampson A, Pavone KJ,
Brown EN. Clinical electroencephalography
for anesthesiologists: Part I: Background

and basic signatures. Anesthesiology.
2015; 123(4):937-960.

13



TAP CHI Y DUQC HQC QUAN SU SO 2 - 2025

9. Choi
electroencephalogram
sedated patients induced by various
anesthetic agents. J Dent Anesth Pain
Med. 2017; 17(4):241-251.

10. Viertio-Oja H, Maja V, Sérkeld M,
Talja P, Tenkanen N, Tolvanen-Laakso H,
et al. Description of the entropy algorithm
as applied in the Datex-Ohmeda S/5
Entropy Module. Acta Anaesthesiol
Scand. 2004; 48(2):154-161.

11. Chan MTV, Hedrick TL, Egan TD,
Garcia PS, Koch S, Purdon PL, et al.

BM. Characteristics of
signatures in

14

American society for enhanced recovery
and perioperative quality initiative joint
consensus statement on the role of
neuromonitoring in  perioperative
outcomes: Electroencephalography.
Anesth Analg. 2020; 130(5):1278-1291.

12. Hight D, Kreuzer M, Ugen G,
Schuller P, Stiiber F, Sleigh J, et al. Five
commercial 'depth of anaesthesia'
monitors provide discordant clinical
recommendations in response to
identical emergence-like EEG signals.

Br J Anaesth. 2023; 130(5):536-545.



