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ABSTRACT

Background: Intracranial pressure (ICP) monitoring is essential in neurocritical care, yet invasive
techniquesremainthe gold standard despite associated risks. Ocular ultrasonography, particularly
optic nerve sheath diameter (ONSD), has emerged as a promising non-invasive surrogate, although
longitudinal data remain limited.

Aim: To preliminarily evaluate the role of ocular ultrasonography in monitoring ICP dynamics in
patients undergoing external ventricular drainage.

Methods: A prospective longitudinal study was conducted on 7 patients with intracranial
hypertension requiring external ventricular drainage. ONSD, optic disc elevation (ODE), and
posterior globe flattening were assessed at multiple time points and compared with invasively
measured ICP. Correlation between ONSD and ICP was analyzed using Linear Mixed-Effects
Models’s correlation coefficient.

Results: ICP significantly decreased from 24.86 * 3.93 to 6.86 + 1.86 mmHg (p < 0.001),
accompanied by a reduction in ONSD from 5.96 + 0.51 to 5.05 £ 0.11 mm (p = 0.002). Analysis of
32 longitudinal measurements demonstrated a strong positive correlation between ONSD and ICP
(r=0.802; p <0.001). ONSD generally paralleled ICP changes but exhibited a time-lag during ICP
reduction. A case of ICP-ONSD mismatch was observed. ODE showed low sensitivity (28.5%) and
delayed normalization, while posterior globe flattening was not detected.

Conclusion: Ocular ultrasonography is a valuable non-invasive tool for monitoring ICP dynamics,
with ONSD showing strong correlation with invasive ICP measurements. However, clinicians should
consider the time-lag phenomenon and potential mismatch in interpretation. Larger studies are
warranted to establish optimal cut-off values and clinical applicability.

Keywords: Ocular ultrasonography; optic nerve sheath diameter; intracranial pressure; external
ventricular drainage; longitudinal monitoring.
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TOM TAT
Datvan dé: Tang ap luc ndi so (ICP) la mét clp clru than kinh nang, doi hoi theo dai lién tuc dé téi
uu diéu tri. Do ICP xdm l&n van (4 tiéu chudn vang nhung cé nhiéu nguy cd va han ché trong thuc
hanh. Siéu dm nhan cau véi do dudng kinh bao day than kinh thi (ONSD) la mét phuwang phap khong
xam lan day tiém nang, tuy nhién di liéu theo déi dong hoc con han ché, dac biét tai Viét Nam.

Muc tiéu: Danh gia budc dau gia tri chia siéu Am nhan cau trong theo déi bién dong ICP & bénh nhan
dugc dat dan luu néo that.

D&i twgng va phwong phap: Nghién cifu mé ta tién clru c6 theo ddi doc trén 7 bénh nhan tang ap
luc nodi so dugc dat dan luu ndo that. Cac chi s& ONSD, chiéu cao dia thi (ODE) va d4u hiéu det
cuc sau nhan cau dugc do tai nhiéu thai diém va so sanh véi ICP do xam lan. M&i tuang quan gitra
ONSD va ICP dugc dénh gia bang mé hinh hdn hgp tuyén tinh (Linear Mixed-Effects Models).

K&t qua: ICP giam co y nghia tir 24,86 + 3,93 xuéng 6,86 = 1,86 mmHg (p < 0,001), déng thdi ONSD
giamtlr5,96 = 0,51 xuéng 5,05+ 0,11 mm (p = 0,002). Phan tich 32 m&c theo dbi cho thdy méi tuong
quan thuén chat ché giira ONSD va ICP (r = 0,802; p < 0,001). ONSD thay d&i song hanh vdi ICP, tuy
nhién c6 hién twgng “pha tré” khi ICP giam. Mét trudng hap ghi nhan su khéng tuong xing giira ICP
va ONSD. D4u hiéu ODE c6 d6 nhay thap (28,5%) va thoai lui chdm, trong khi khéng ghi nhan dau
hiéu det cuc sau nhan cau.

Két luan: Siéu &m nhan cau la phuong phap khéng xam l&n c6 gia tri trong theo déi bién déng ICP,
v6i ONSD tuong quan chat ché véi ICP do xam Lan. Tuy nhién, can lwu y hién tuwgng pha tré va cac
trudng hop khéng tuong xing khi dién gidi két qua. Cac nghién cliu véi c& mau [6n hon la can thiét
dé xac dinh gia tri ngudng va ing dung lAm sang rong rai.

Tir khéa: Siéu 4m nhan céu; ONSD; 4p luc ndi so; dan luu ndo that; theo déi doc.

1. DAT VAN DE

Tang ap luc ndi so (intracranial pressure — ICP) la mot
tinh trang c&p ctu than kinh nghiém trong. Su gia tang ICP
gay mat can bang thé tich giita nhu mé nao, mau va dich
nao tdy trong hop so, dan dén gidm &p luc tudi mau nio,
thi€u méau cuc b, phl ndo va cudi cuing co thé gay thoat
vi ndo de doa tinh mang néu khong dugc x( tri kip thoi'.
Do dé, theo déi ICP déng vai trd then chét trong chién
lugce didu tri va tién luong bénh nhan than kinh nang.

Hién nay, cac phuong phap do ICP xam an van dugc
xem la tiéu chuén vang trong thuc hanh lam sang. Tuy
nhién, cac k¥ thuat nay tiém an nhidu nguy cd, bao gdm
nhiém triing, xudt huyét va cac bién chiing lién quan dén
tha thuéat, dong thoi doi hdi ngudn luc chuyén mén va
trang thiét bj chuyén sau®. Nhitng han ché nay dét ra nhu
cau tim ki€ém céc phuaong phap danh gia ICP khéng xadm
l&n, an toan va cé thé 4p dung réng rai tai givdng bénh.

Trong nhirng ndm gan day, siéu 4m nhan cau, da néi
[én nhu mot phuong phap khéng xam &n day tiém nang
trong danh gia ICP. V& mat sinh ly, bao day than kinh thj
lién thong truc ti€p vdi khoang dudi nhén, do d6 ONSD cé
thé gian ra khi ICP tang®. Nhigu nghién cttu da chitng minh

*Tac gia lién hé

m&i twong quan chat ché giita ONSD va ICP, vdi dé nhay
tlr 88-96% va do dac hiéu tir 73-93% trong phat hién tang
ICP®. Ngoai ra, cac ddu hiéu siéu am khac nhu tang chiéu
cao dia thi (optic disc elevation — ODE) ciling dugc dé xuat
nhu céc chi diém bo sung’.

Tuy nhién, phan l&n céc nghién cu hién nay tap trung
vao gia tri chan doan cat ngang clia ONSD, trong khi di¥
lidu vé kha nang theo déi bién dong ICP theo thdi gian
(longitudinal monitoring) con han ché. Tai Viét Nam, cac
nghién clru vé siéu &m nhan cau con it, chd yéu dirng lai
& viéc xac dinh gia tri binh thudng hoéc danh gia mai lién
quan tai mét thoi diém, chua cé nhiéu nghién cltu theo
déi doc va chua khai thac day da cac ddu hiéu siéu am
phéi hop®,®. Bong thdi, cac bang chirng vé ngudng cat tdi
uu va quy trinh chuén héa ky thuat van con han ché.

Xuét phat tir nhirng van dé trén, nghién ctru nay dugc
thuc hién nhdm budc dau danh gia méi tuong quan gitra
siéu &m nhan cau va ICP do xam l&n, dong thoi khao sat
kha nang (rng dung clia phuong phap nay trong theo doi
bi&n ddng ICP theo thdi gian & bénh nhan dugc dat dan
luu ndo that tai B&nh vién Dai hoc Y Ha Noi.
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2. D01 TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Béi twgng nghién ciru

Nghién ctu lya chon thuén tién 7 bénh nhan (BN) coé
tang ICP duoc chidinh d&tdan luu ndo that ngoai (external
ventricular drainage-EVD) dé theo déi ICP tai Bénh vién
Dai hoc Y Ha No6i.

Cac BN hoac nguoinha dongy tham gia nghién ctru. Tiéu
chuén loai trir bao gdbm chéan thuong héc mét, tén thuong
nhan cau hodc bénh ly méat c6 thé anh hudng dén siéu am.
2.2. Thiét ké nghién ctlru

Nghién clru mo tatién ctu co theo ddidoc (longitudinal
case series).

Muc tiéu nham budc dau danh gia mai tuong quan gitra
céc thong s6 siéu am nhan cau va ICP do xam l&n, dong thai
khéao sat kha nang theo déi bi€én dong ICP theo thdi gian.
2.3. Phuong phéap thu thap va phan tich sé liéu

Céc théng s6 bao gom: ONSD, ODE, d4u hiéu det cuc
sau nhéan cau

Céc gia tri nay dugc so sanh véi ICP do xam l&n (tiéu
chuén vang).

D@ liéu dugc phan tich bdng phan mém SPSS. Magi
tuong quan giira ONSD va ICP duoc danh gia badng mé
hinh hén hop tuyén tinh (Linear Mixed-Effects Models).
2.4. Ky thuat siéu 4m nhan cau

Siéu am dugc thuc hién bang dau do tan sé cao (7-10MHz)
trén BN tu'th& ndm nglra, dau nang 30°.

ONSD dugc do trén méat cat ngang, cach cuc sau nhan
cau 3 mm®.

ODE dugc do tir b& mat gai thi dén diém 16i cao nhat
vao budngdich kinh. D4u hiéu det cuc sau nhan cau dugc
danh gia dinh tinh.

Qua trinh siéu am dugc thuc hién bdi bac sichan doan
hinh anh c6 kinh nghiém, dé tin cay do ludng ndi bo (intra-
rater reliability véi ICC=0,90).

2.5. Thoi diém theo doi

Céc phép do dugc thuc hién tai cac thdi diém: TO:
ngay sau dat EVD; T1: 24 gid; T2: 48 gid; T3: 72 gio; Tx: thaoi
diém rat dan luu.

2.6. Dai chiéu tiéu chuan
Gia tri ICP dudgc ghi nhéan truc tiép tir hé théng monitor
két ndi v&i dan lwu ndo that.

> “ 2 d =
e .. 4 dia thi (ODE)
=3 > e

Hinh 1. Anh siéu 4m nhan ciu cua bénh nhan tai BV bai

hoc Y Ha Néi. Hinh A: Do chi sé ONSD va géc danh gia

tinh trang det cu'c sau nhan cau tai vi tri cdch 3mm sau
nhan cau. Hinh B: Do chiéu cao dia thi (ODE)

2.7.Pao durc nghién cru

Nghién cltfu da dugc théng qua Hoi dong dé cuong
thac sicua Trudng Dai hoc Y Ha Noi (s6 4427/QD-DHYHN
ngay 10/07/2025). Toan bd di liéu dugc thu thap tir cac
tham kham siéu am thudng quy, khdng lam thay ddi quy

trinh chan doan va diéu tri cha ngudi bénh. Théng tin ca
nhén clia d6i twgng nghién clu dugc bao mat va chi sir
dung cho muc dich nghién ctu khoa hoc.

3. KET QUA NGHIEN cUU

3.1. Dac diém chung
Bang 1. Pac diém chung va lam sang ctia nhém bénh nhan
nghién ctru (n=7)

Pac diém Gia tri
. Trung binh £ SD 59,4*10,8
Tudi (nam) — — —
Thap nhat - Cao nhat 44 -76
Nam 4(57,1%)
Gisi tinh, n(%)
N 3 (42,9%)
<8 diém (H6n mé nang) 5(71,4%)
Tinh trang tri g14C [ 15" yia " (Han ma trung binh) | 1 (14,3%)
luc nhap vién
=13 diém (H6n mé nhe/ tinh) | 1(14,3%)
Nguyén nhan t6n Xuét huyét ndi so 5(71,4%)
thuong néo Chéan thuong so néo 2 (28,6%)

Nhan xét: D6 tudi trung binh cia nhém nghién cltu la
59,4 = 10,8 tudi. Ty |& Nam/N(¥ la 4/3. Pa s& BN nhap vién
trong tinh trang nang (Glasgow <8 chiém 71,4%), thé hién
murc do tram trong cla tinh trang tang ICP.

3.2. Mai lién quan giira cac chi sé trén siéu 4m nhan
cau va ap luc ndi so
3.2.1. So sénh ap luc néi so (ICP) va dudong kinh bao day
than kinh thj gidc (ONSD) tru'éc va sau diéu tri.
Bang 2. So sanh ap luc ndi so (ICP) va duong kinh bao
day than kinh thi gidc (ONSD) trudc va sau diéu tri

Thai gian Trwéc diéu tri | Sau diéu tri P
ICP (Mean+SD) 24,86 + 3,93 6,86 + 1,86 <0,001
ONSD (Mean=SD) 5,96 = 0,51 5,06+0,11 <0,005

Nhan xét: K&t qua nghién cltu trén 7 BN cho thay viéc
diéu tri da giup giam dang ké ICP tir mdc nguy hiém 24,86
* 3,93 mmHg xudng muc an toan 6,86 * 1,86 mmHg (p <
0,001). Tugng ng vdi sy sut giam cla ICP, chi s6 ONSD
trén siéu am ciing co lai dang ké, giam tir 5,96 + 0,51 mm
xudng con 5,05 0,11 mm tai thdi diém sau diéu tri.
3.2.2 Méi twrong quan giita ép luc nbi so va dudng kinh bao
day than kinh thj

Bi€u dd 1. M&i twang quan gilra 4p lwc ndi so va dudng
kinh bao day than kinh thi

Tuwong quan tuyén tinh gitta Ap luc néi so (ICP) va Puomg kinh ONST

351 @ Cabénh thuc té °
—— Duong tuong quan: ICP = 15.26%*0ONSD -69.99
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Nhan xét: Phan tich qua mé hinh tuyén tinh hén hop
(LMM) nhdm kiém soét y&u t8 tu tuong quan do céc do
lwdng lap lai cho thdy: Budng kinh bao day than kinh thi giac
(ONSD) ¢6 tuong quan thuén vdi ICP véi hé sé tuong quan
tuong duong r= 0,802 (Marginal r* = 0,643). Phuong trinh du
bao dugc thiét lap la: ICP = 15,26 x ONSD - 69,99. Két qua
nay cho thay ci* mdi 1 mm gia tdng ctia ONSD sé tuong ing
véi murc tang trung binh 15,26 mmHg cuia ICP (B coefficient
=15,26;95% CI: 11,31 -19,22; adjusted p < 0,001). Két qua
nay budc dau cho thay gia tri ctia siéu &m ONSD nhu mot
cbng cu theo déi ICP khéng xam l&n dang tin cay.

3.2.3. Dién bién ctia ONSD & BN c6 xu huéng gidm ICP
khi diéu tri
Biéu d6 2. Dién bién ctia ONSD & BN c6 tang ICP khi
ALNS c6 xu huéng giam
BIEN THIEN TRUNG BINH CUA ICP VA ONSD THEQ THOI GIAN (NHOM ON DINH)
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Thoi diém theo déi
Nhan xét: Trong nhédm 7 BN nghién clfu cé 5 bénh
nhan co6 xu hudng gidam dan chi s6 ICP. ICP ¢cé xu hudng
giam nhanh trong 24 gi& dau sau khi dat catheter tir 23,67
mmHg xuéng 8,00 mmHg, sau do6 giam tir tir va én dinh.
ONSD c6 xu huéng giam tir tir va cham tré hon so véi ICP,
cu thé giam dan tir 5,98 mm xudng 5,71 mm, va dat 5,06
mm tai thdi diém rut dan luu.
3.2.4. Dién bién ctia ONSD & BN c6 xu huéng bién dong
ICP khi digu tri
Biéu d6 3. Dién bién cua ONSD ¢ BN B.T.C
BIEN THIEN ICP VA ONSD THEO THOI GIAN (BENH NHAN DAO THI CHAM)
40 7.00

e~ ICP (mmHg)
=== ONSD (mm) | 675

35

6.50
30
6.25

N
&

600 E

575D
n

ICP (mmHg)

el

5.00

4.75

T T T T 4.50
T by ™ 3 >
Thei diém theo doi

Trudng hop 1 ca ldm sang dién hinh:

Bénh nhan B.T.C 52 tudi, tién sirtang huyét ap, vao vién
vi hén mé, két qua chup céat ldp vi tinh (CLVT) cho thay: v&
tdi phinh déng mach than nén gay tu mau khoang dudi
nhén lan tdéa hai ban cau ndo. Sau dé BN dugc nut phinh
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mach va phau thuat dat EVD. Ngay thi* nhat sau mé BN ¢6
chi s6 ICP tang lén va dugc chup lai CLVT so ndo déanh gia
cho két qua muirc dé phu néo va gidn ndo that tang lén so
véi phim c, BN ti€p tuc dugc diéu tri tich cuc vdi chi s6
ICP gidm dan, chup CLVT so ndo danh gia lai tai thoi diém
rat dan luu cho thdy mic dé phlu ndo va gidn ndo that
gidm nhiéu so vdi phim ci. Theo déi sy bi€n déng cla chi
s8 ICP cho thay chi s6 ONSD ciing thay déi tuong (ng gan
nhu tée thi khi ICP tang va khi ICP giadm thi chi s6 ONSD
giam c6 xu huéng cham tré hon. Cac dic diém hinh anh
trén CLVT cling nhu chi s& ONSD tai cac thoi diém cing
pht hop véi chi s6 ICP thai diém do.

Trudng hgp 1 bénh nhan cé sy battuang xiing ICP-ONSD.

Bé&nh nhan PT.B.H 66 tudi, tién st tdng huyét 4p, vao
vién vi roi loan y thire. K&t qua CLVT mach mau ndo cho
két qua: 8 tu mau l&n ban cau ndo phai. Sau d6 bénh nhéan
dugc phau thuat ldy khéi mau tu va dat EVD, két qua ICP
do dugc luc mé la 22mmHg, tuy nhién chi s6 ONSD do
dugc la 5,12mm cho thay trudng hgp nay cé sy khéng
tuong xtng gitra chi s ICP va ONSD
3.2.5. D6 nhay va dé déc hiéu cla céc dgu hiéu hinh dnh
khéc trén siéu 4m nhén céu.

C6 2/7 (chi€m 28,5%) bénh nhan cé dau hiéu tang
chiéu cao dia thj. Ngoai ra khi theo déi doc trén 2 BN cd
tang ODE, thi toc d6 vé binh thudng cling chdm hon dang
ké so vdi chi s6 ONSD va chi s8 ICP, vi vay chi s6 nay it ¢
gid tri trong viéc theo ddi chi s6 dién bién clia ap luc ndi so.

Trong nghién clru nay, dau hiéu det cuc sau nhén cau
(mbc 2118,5°) khéng dugce ghi nhén. Digu nay phu hgp vdi
cac nghién ctu trudc day chi ra rang det cuc sau nhén
cau la mot dau hiéu c6 dé dac hiéu cao nhung db nhay
rat th&p va cling phu hgp vdi sinh ly bénh clia det cuc sau
nhan cau can mot ap luc ndi so thudng phai tadng rat cao
va duy tri trong thdi gian nhat dinh.

4. BAN LUAN

Trong nghién ctu budc dau clia chung t6i trén 7 BN
dugc theo ddidoc ca chisd ICP doxam lanva chisé ONSD
déu giam c6 y nghia thdng ké& sau cac can thiép dan luu
nao that va phau thuat giai tda. Cu thé, ICP giam tir 24,86
* 3,93 mmHg xudng 6,86 = 1,86 mmHg (p < 0,001), di kém
vdi su giam tuong (rng cia ONSD tir 5,96 = 0,51 mm xudng
5,05+ 0,11 mm (p = 0,002). M&c du gia tri ONSD ban dau
dao déng tuong déi rong, cac gia tri nay cé xu hudng hoi
tu v& mot khoang hep khi ICP dugc kiém soéat vé ngudng
sinh ly (5-10 mmHg). K&t qua nay phu hgp vdi dir liéu vé
gia tri ONSD binh thuong & ngudi trudng thanh Viét Nam
da dugc bao céo trude dé*, cling ¢6 thém tinh 6n dinh clia
chi s6 nay trong diéu kién ICP binh thuong.

Phan tich trén 32 thoi diém theo déi cho thdy méi
tuong quan tuyén tinh thuén chat ché gitra ONSD va ICP
(r =0,802; p < 0,05), phu hgp v&i cac nghién cltiu trudc
day clia Wang va cong su (r = 0,77)” va Hoang Thi Ngan va
cong sy (r = 0,84)°. V& mat sinh ly bénh, madi tuong quan
nay c6 thé dudc giai thich bdi su lién théng gilta khoang
dudi nhén ndi so va bao day than kinh thi®. Tuy nhién, can
nh&n manh rdng két qua clia ching téi dugdc rut ra tir mot
¢& mau rat nhé va chld yéu mang tinh thadm do ban dau,
do dé can dugc xac nhan thém trén cac quan thé lén hon.

Mot diém dang chd y clia nghién cu la viéc theo dbi
bién thién ONSD theo thdi gian thay vi chi dénh gia tai mét
thdi diém. Quan sat nay cho thdy ONSD nhin chung bién
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ddi song hanh vdi ICP, tuy nhién ton tai hién tugng “pha
tré” (time-lag) trong giai doan ICP giam. Diéu nay cé thé
lién quan dén dac tinh dan hoi cliia bao day than kinh thij
cling nhu téc dé tai phan bé va hap thu dich néo tuy tai
chd. Nhan dinh nay cé y nghia ldm sang quan trong, cho
thay viéc dién giai ONSD khong nén dua vao mot gia tri don
(& ma can dugc dat trong bdi canh dién tién theo thai gian.

Ngugc lai, trong céc tinh hudng tédng ICP th( phat,
ONSD cho thdy kha nang dap ng nhanh véi su thay déi
ap lue. O mot trudng hop cu thé, khi ICP tang trd lai 1én
35mmHg, ONSD cling tang tuong Ung lén 6,38mm, goi
y vai tro ctla ONSD nhu mot cong cu theo déi déng hoc
nhay trong phat hién s6m céc bién c6 ndi so cép tinh. Tuy
nhién, hién tugng “bat tuong xirng ICP-ONSD” cling dugc
ghinhan & mét truong hgp, trong do ICP tang nhung ONSD
khoéng gian tuong (ng. Co ché clia hién tugng nay chua
hoan toan ré rang, cé thé lién quan dén yéu t6 ca thé nhu
giam dé dan hdi mé & ngudi cao tubi, teo ndo hoac vi tri do
ICP. Tuy nhién, véi s6 lugng ca bénh han ché, chua thé dua
ra k&t luan chac chan va can dugc nghién cltu sau hon.

Bén canh ONSD, d4u hiéu tang chiéu cao dia thi (ODE
> 0,6 mm) trong nghién cltu cho thady do dac hiéu cao
(100%) nhung do nhay thap (28,5%), phu hgp vdi cac
nghién ctu gan day’. Diéu nay goi y ring ODE c6 thé 1
mét ddu hiéu hd trg co gia trj trong xac nhan ting ICP,
nhung khéng phu hgp dé sang loc. Ngudc lai, ddu hiéu
det cuc sau nhan cau khong dugc ghi nhan trong nghién
clu, c6 thé do dac diém bénh ly cht yéu la céc t8n thuong
cép tinh, trong khi ddu hiéu nay thudng gap trong céc tinh
trang tang ICP man tinh hoac kéo dai.

5. KET LUAN

K&t qua budc dau tir loat ca nho (n = 7) cho théy siéu
am nhén cau, dac biét la do dudng kinh bao day than kinh
thi (ONSD), la mét phuong phap khéng xam l&n co tiém
nang trong danh gia va theo déi bién déng ap luc néi so.
ONSD khéng chi tuwang quan vdi ICP do xam 1&n ma con
phan anh xu hudng thay déi ép luc trong qué trinh diéu tri,
goi y vai tro nhu mot cong cu giam sat tai giwvong hitu ich
trong hoi strc than kinh.

Tuy nhién, do thiét k& nghién cltu dang béao céo ca va
c& mau con han ché, cac két qua nay chd yéu mang tinh
thdm do va chua cho phép khang dinh gié tri chan doén
cling nhu xac dinh ngudng cat t6i uu clia ONSD. Céac
nghién cltu tién cu véi ¢ mau L&n hon (230-50), thiét
k& da trung tdm va phan tich thong ké day du la cén thiét
dé xac nhan cac phat hién nay va [am rd vai trd cua siéu
a4m nhéan cau trong chién luge theo d6i ICP trén lAm sang.
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