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ABSTRACT

Purpose: To describe cerebrospinal fluid (CSF) flow characteristics through the cerebral aqueduct
using 3.0 Tesla phase-contrast MRI and to evaluate their associations with age and sex.

Methods: A cross-sectional descriptive study was conducted on 20 healthy adults who underwent
brain MRl with an additional phase-contrast sequence at Hanoi Medical University Hospital from
May 2025 to March 2026. The analyzed parameters included peak systolic velocity, peak diastolic
velocity, systolic volume, diastolic volume, flow, and stroke volume.

Results: The mean peak diastolic and systolic velocities were 5.79 + 2.06 cm/s and 5.29 = 2.00
cm/s, respectively. The mean diastolic and systolic volumes were 0.029 = 0.017 ml and 0.030 +
0.023 ml. Mean flow was close to zero (-0.0003 = 0.0099), while stroke volume was 29.0 £ 18.91. No
statistically significant correlations were found between age and CSF flow parameters (p > 0.05),
although stroke volume showed a positive trend with age (rho = 0.383; p = 0.096). No significant
differences were observed between males and females (p > 0.05).

Conclusion: Phase-contrast MRI at 3.0 Tesla provides a non-invasive method for quantifying CSF
flow through the cerebral aqueduct, offering preliminary reference data and supporting clinical
evaluation of CSF circulation disorders.
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TOM TAT
Muc dich: M6 t4 d&c diém dong chay dich ndo tly qua céng trung ndo trén cong hudng tir tuong
phan pha 3.0 Tesla va khdo s&t m@i lién quan cuia cac théng s8 nay vdi tudi va gidi.

Phuong phap: Nghién cliru mé ta cat ngang trén 20 ngudi trudng thanh dugc chup céng hudng tur
s0 ndo 3.0 Tesla cé b8 sung chudi xung twong phan pha tai Bénh vién Pai hoc Y Ha Néi tir 05/2025
dé&n 03/2026. C4c thdng s6 phan tich bao gdm t8c dd dinh tdm thu, téc dé dinh tAm truong, thé tich
tadm thu, thé tich tam truong, flow va stroke volume.

K&t qua: Gia tri trung binh cuia téc do dinh tdm truong va tam thu lan lugt 1a 5,79 = 2,06 cm/s va
5,29 = 2,00 cm/s. Thé tich tam truong va tdm thu tuong ¢ng 1a 0,029 = 0,017 mlva 0,030 = 0,023
ml. Flow trung binh gan b&ng 0 (-0,0003 + 0,0099), trong khi stroke volume dat 29,0 = 18,91. Khéng
ghi nhan méi tuong quan cé y nghia théng ké gilra tudi va cac thdng s6 dong chay (p > 0,05), mac
du stroke volume c6 xu huéng tang theo tudi (rho = 0,383; p = 0,096). Khong thay su khac biét coy
nghia théng ké gilra hai gidi (p > 0,05).

K&t ludn: Céng hudng tir twvong phan pha 3.0 Tesla la phuong phap khéng xam l&n cho phép dinh
lwgng dong chay dich ndo tly qua c6ng trung ndo, cung cap dif liéu tham chiéu ban dau va hé tro
Urng dung trong danh gia cac rdi loan tuan hoan dich néo tay.

Tt khéa: dich ndo tly, céng trung nédo, cdng hudng tir twong phan pha, 3.0 Tesla, dong hoc dich

nao tay.

1. DAT VAN DE

Dich nao tdy la mot thanh phan thiét yéu clia hé than
kinh trung wong, déng vai trdo quan trong trong bao vé co
hoc, duy tri hang dinh ndi mdi va tham gia vao qué trinh
thanh thai cac san phdm chuyén hda clia ndo. Dich ndo
tay luu théng lién tuc trong hé thdng néo that va khoang
dudi nhén, dao déng theo chu ky tim va hé hép. Céng
trung nao la cau trdc gidi phau hep, ndi nao that Il véi ndo
that IV, thay d6i vé dong hoc dong chay tai vi tri nay ¢ thé
phan anh sém céc réi loan tuan hoan dich n&o tay'S.

Cong hudng tr tuong phan pha (phase-contrast MRI)
& phuong phap khong xadm lan cho phép danh gia ca dinh
tinh va dinh lugng dong chay dich néo tly, cung cép céc
théng sé nhu véan téc, luu lugng va stroke volume?“. Khi
khao sat tai céng trung néo, viéc dat lat cat vudng goc véi
truc céng va lua chon cac tham sé ky thuat phu hgp dong
vai trd then ch8t nhdm han ché hiéu (ng thé tich ban phan
va nang cao do chinh xac ctia phép do®. Tuy nhién, cac gia
tri dinh lwgng thu dugc con phu thudc dang ké vao nhiéu
y&u t8 nhu cudng dé tir truang, VENC, vi tri lat cat, cach
xac dinh vung quan tdm (ROI) va phuong phap hau xcr ly,
dan dén su khac biét dang ké gitra cac nghién ciu?5s.

Ngoai yéu t6 ky thuat, cac thong sé dong chay dich
n&o tly qua céng trung ndo con chju anh hudng clia dac
diém dadi tugng nghién clru. Mét s nghién cltu trén ngudi

*Tac gia lién hé

khée manh cho thdy cédc chi s8 nhu stroke volume, thé
tich tdm thu, thé tich tam truong va van téc dong chay téi
da c6 thé thay ddi theo tubi va gi¢i’8. Po dong chay dich
nao tdy bang cong hudng tir twong phan pha da dugc ung
dung trong danh gia nhiéu bénh ly than kinh nhu n&o Ung
thay ap luc binh thudng, hep cong ndo va di dang Chiari, ...
g6p phan hé tro chan dodn va theo dbi diéu tri26%°,

Sy phét trién cla cong hudng tir 3.0 Tesla md ra kha
nang khao sat dong chay dich nao tuy chinh xac hon nho
d6 phan giai khéng gian cao va ti s8 tin hiéu trén nhiéu t6t
hon. Tuy nhién, dit liéu tham chi€u vé dong chay dich nédo
tdy qua cdng trung ndo & ngudi trudng thanh khde manh
trén hé thdng 3.0 Tesla van con han ché, dac biét tai Viét
Nam. Vi vay, nghién cttu nay dugc thuc hién nham moé ta
d&c diém dong chay dich néo tly qua céng trung n&o trén
cong hudng tir 3.0Tesla va khao sat budc dau méi lién
quan cua céc thdng s6 nay vdi tudi va gidi, gép phan bd
sung dir liéu tham chiéu va hd trg i'ng dung ldm sang.

2. DOI TWVONG VA PHU'ONG PHAP NGHIEN CU'U
2.1. D3di twong nghién ctru

20 ngudi trudng thanh (218 tudi) dugc chup MRI so
nao 3.0Tesla c6 chudi xung tuong phan pha khao sat dong
chay dich néo tly qua céng trung n&o tai Bénh vién Dai
hoc Y Ha N6i tir 05/2025 dén 03/2026.
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Tiéu chuén lw'a chon: tudi 218; kham siic khoe dinh ky,
MRI so ndo khoéng co bat thudng cau tric anh hudng luu
théng dich n&o tly; khéng cé tién st bénh ly hodc phau
thuat than kinh trung uong; chudi xung tuwong phan pha
dat chat lugng phan tich.

Tiéu chudn loai trer: nhiéu anh; khéng ddong bd tim day
du; khéng xac dinh rd cdng trung ndo hodc mat phang
khao sat khdng vudng géc; c6 réi loan nhip tim.

2.2. Phuong phap nghién ctru

Thiét k& nghién cttu: Nghién cltu mé ta cat ngang.

Ky thuat chup va thu nhan d& liéu:

Céc dditugng dugc chup cong hudngtirso ndotrén hé
théng 3.0Tesla (SIGNA Architect, GE Healthcare) s&r dung
cudn thu tin hiéu so ndo tiéu chuan va dugc déng bo tim,
strdung pulse gating, retrospectice gating, 30 pha/chu ky
tim. Céng trung ndo dugc xac dinh trén chudi xung T2-
weighted 3D dé phan giai cao, sau dé thiét lap mé&t phing
chup vudng géc vdi truc cdng trung ndo. Cac thong s6 ky
thuat chinh ctia chudi xung tuong phan pha dugc trinh
bay trong Bang 1. Diéu chinh VENC phu hgop, dong chay
nhanh can tang VENC, dong chay cham can giam VENC.
D{ liéu thu nhan bao géom hinh anh dé l&n (magnitude),
hinh anh pha (phase) va céc anh tai lap theo nhiéu thoi
diém cua chu ky tim. Céc di liéu nay dugc chuyén sang
tram x(r ly chuyén dung dé phén tich dinh lugng.

Bang 1. Thong s& ky thuat chudi xung cong hudng tiy
twong phan pha khao sat dong chay dich nao tay

Tham sé Gia tri
Chubi xung Phase-ccgrét;?;t(gg; c6 dong
Mat phang khao sat Vudng goc vdi truc cdng trung ndo
VENC 5-20 cm/s (8cm/s)
TR/TE 12,7/7,4 ms
Goc lat (Flip angle) 15°
FOV 180 x 180 mm
Ma trén 256 x 512
Do day lat cat 4mm
D@ liéu thu nhan Magnitude, phase, cine images
Phé&n tich hinh anh:

Quy udc chiéu dong chay trén may 3.0 Tesla (SIGNA
Architect, GE Healthcare): dong chay tam thu la dong
chay tir trén xuéng qua cong trung ndo, chiéu dong chay
am; dong chay tam truong la dong chay thuén chiéu tu
dudi lén qua c6ng trung nédo, chiéu dong chay duaong.

ROI dugc vé thl céng trén méat cat ngang céng trung
nao dua trén hinh anh do lén, sau d6 4p dung lén hinh anh
pha dé tinh to4n céc thong sd dong chay.

Hinh 1. Dong chay dich néo tay trén chubi xung tuong
phan pha trén mat phing ding doc va cit ngang qua
céng trung ndo, mau den & thi tdm thu, hwéng dong chay
xudng duéi (hinh B, C) va mau trdng & thi tam truong,
huwéng dong chay lén trén (hinh A, D). Hinh E minh hoa
céach thirc vé ROI (theo thanh cta cdng trung ndo)
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Summary:Flow 1-Main PA

Parameter Value
Peak Positive Velocity (em/s) 4.66
Peak Negative Velocity (cm/s) -5.29
Flow (mi /beat) 0,001
Positive Pixel Flow (ml/beat) 0.006
Negative Pixel Flow (ml /beat) -0.005

Hinh 2. Cac théng sé vé dong chay dich néo tuy thu
duoc trén chudi xung twong phan pha trén may cong
hudng tir 3.0Tesla GE

2.3. Xt ly va phan tich sé liéu

Dt liéu dugc nhap va phan tich bdng SPSS 26.0. Phan
b6 cuia cac bién dinh lugng dugc kiém tra béng kiém dinh
Shapiro-Wilk. Bién phan b6 chuén dugc trinh bay dudi
dang trung binh = dd l&ch chuén, bién khong phan bd
chuén dudi dang trung vi va khoang t& phan vi. Twong quan
gilra cac thong s8 dong chay dich ndo tly va tudi duge danh
gia bang hé s6 Spearman. Su khac biét gitra hai gidi duoc
phan tich bang kiém dinh t déc lap hodc Mann-Whitney U
khi pht hgp. Gia tri p < 0,05 dugc coi la co y nghia théng ké.
2.4. Pao durc nghién cru

Nghién clru da dugc thong qua Hoi dong dé cuong
chuyén khoa Il ctia Truwong Dai hoc Y Ha Noi 4231/Qb-
DPHYHN ngay 09 thang 07 nam 2025. D{ liéu dugc thu
thap tirtham kham cong hudng tir thuong quy, khéng anh
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hudng quy trinh chan doan va diéu tri cia ngudi bénh.
Théngtin ca nhan cua déi twgng nghién cliru dugc bdo mat
va chi str dung cho muc dich nghién ciu.

3. KET QUA

Tir 05/2025 dén 03/2026, c6 20 ngudi trudng thanh
duge chup céng hudng tir so ndo 3.0Tesla c6é bd sung
chubi xung tuong phan pha dap (ng tiéu chuén lua chon
tai Bénh vién Dai hoc Y Ha Noi. K&t qua nghién clu trinh
bay céc théng s6 dinh lugng clia dong chay dich néo tay
qua céng trung ndo, dong thdi phan tich mai lién quan véi
tudi va sy khac biét gitra cdc nhdm gidi tinh. Ty & gidi tinh
trong nghién ctru la nam/n(r = 1.
3.1. Pac diém cac thong sé dong chay dich nao tay

Céc thong s dong chay dich ndo tly qua c6ng trung
nao dugc trinh bay trong Bang 2. Nhin chung, céac thong
s6 c6 d6 bién thién twong doi lon gilra cac d6i tugng. Toc
do dinh tdm truong va tdm thu trung binh lan lugt 14 5,79
+ 2,06 cm/s va 5,29 = 2,00 cm/s. Thé tich tdm truong va
thé tich tdm thu tuong déi tuong duong nhau (0,029 +
0,017 mlva 0,03 = 0,023 ml). Flow trung binh gan bang
0 (-0,0003 + 0,0099), phan anh sy can bang dong chay
hai chiéu trong chu ky tim. Stroke volume co gié trj trung
binh 29,0 * 18,91, vdi khodng dao déng rong (4-76), cho
thay su khéc biét dang ké gira cac ca thé.
Bang 2. Gia tri cac thdong sé dong chay dich n&o tuy qua

cong trung nao

Tham sé ::5‘; ::é',‘t Trung binh + SD
T8¢ do dinh tam truong (cm/s)| 3,00 | 9,89 5,79+ 2,06
T6c d6 dinh tdm thu (cm/s) | 1,56 | 9,87 5,29 +2,00
Thé tich tam truong (ml) | 0,004 | 0,063 | 0,029+ 0,017
Thé tich tam thu (ml) 0,003 |0,089| 0,030=*0,023
Flow (ml/chu ky) -0,026| 0,020 |-0,0003 + 0,0099
Stroke volume (ul) 4 76 29,0+ 18,91

3.2. Méi twong quan véi tudi

K&t qua phan tich tuong quan Spearman (hinh 3, 4) cho
thdy chua ghi nhdn méi twang quan co6 y nghia théng ké
gilta tudiva cac thdng s8 dong chay dich néo tay (p > 0,05).
Tuy nhién, stroke volume cé xu huéng tuong quan thuan

So sanh stroke volume theo gigi
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vdi tudi (rho = 0,383; p = 0,096), trong khi flow c6 xu hudng
tuong quan nghich (rho =-0,363; p=0,116).

Scatter plot of Stroke Volume vs Age
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Hinh 3. Bi€u d6 phan tan thé hién mdi lién quan gira
stroke volume va tudi. C6 xu hudng tuwong quan thuan,
tuy nhién khéng daty nghia théng ké

Scatter plot of Flow vs Age
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Hinh 4. Bi€u d6 phan tan thé hién méi lién quan giira
flow va tudi. Cé xu huéng twong quan nghich, tuy nhién
khong dat y nghia thong ké

So sanh van téc dinh theo gidi

8 B Peak systolic velocity
mmm Peak diastolic velocity
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Hinh 5 (bén trai). Biéu db c6t thé hién gia tri trung binh (x Hinh 6 (bén phai). Biéu d6 cot thé hién gia tri trung binh
d6 léch chuan) cla stroke volume theo gidi tinh. Khéng (x dé léch chuan) ctia van téc dinh tdm thu va tam truong

ghi nhan su khac biét cé y nghia théng ké gitra hai nhém

theo gidi tinh. Khéng ghi nhan su khac biét cé y nghia
théng ké giira hai nhom
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4. BAN LUAN

Trong nghién cltu clia chung téi, cac thong s6 dong chay
dich nao tly qua cdng trung néo do dugc bao gom tdc do
dinh tam truong, t8c dd dinh tdm thu, thé tich tam truong,
thé tich tdm thu, flow va stroke volume déu ndm trong
khoang dao dong sinh ly da dugc béo céo trong y van. Két
qua nay cuing ¢ tinh kha thi ctia céng hudng tir tuong phan
pha trong viéc dinh lugng dong chay dich nédo tay khéng
xam [4n%2. So sanh véi nghién cttu ctia Unal va cong su, cac
gid tri van tdc dong chay t8i da va thé tich dong chay trong
nghién cltu cla chung toi tuong ddi tuong dong, mac du co
su khac biét nhat dinh vé thé tich tdm thu va thé tich tdm
truang®. Nhirng sai khac nay c6 thé dudc giai thich bdi su
khéac biét vé théng sé ky thuéat, dac biét la gia tri VENC, dé
phan giai khong gian, cling nhu phuong phap xac dinh ROI.
Nhu da dugc Korbeckiva cong sw nhdn manh, cac thong s6
dong chay dich néao tly do bang cdng hudng tir tuong phan
pha c6 thé dao dong dang ké gitra cac nghién clfu do anh
hudng clia yéu t6 ky thuat va phuong phap hau xar lye.

V& mdi lién quan vdi tudi, nghién clttu cua chung toi
khéng ghi nhan méi twong quan co6 y nghia théng ké gitra
tudi va cac thdng s dong chay dich ndo tly qua céng trung
néo. Tuy nhién, xu huéng tang clia stroke volume va giam
cua flow theo tuéi c6 thé ggi y nhirng thay déi sinh ly tiém
tang trong dong hoc dich ndo tdy. K&t qua nay nhin chung
pht hop véi nghién ctiu ctia Unal va cong sy, trong d6 phan
l6n céc théng s8 khdng thay ddi cd y nghia theo tudi, ngoai
trlr moét s chi s6 van toc®. Ngugc lai, Sartoretti va cong sy
bdo céo rang tudi c6 anh hudng cé y nghia théng ké dén
nhidu théng s8, bao gdm stroke volume, thé tich tdm thu,
thé tich tAm truong va van téc dong chay t8i da’. Su khéng
tuong dong gilra cac nghién cttu co thé xuét phat tir khac
biétvé c& mau, phan bé tudi va dac biét la dé bién thién sinh
ly l&n clia cac thdng s6 dong chay dich néo tly. Ngoaira, c&
mAau nho trong nghién clu ctia ching t6i cé thé lam gidm
kha nang phat hién cac mai lién quan cé y nghia thong ké.

D& vai yéu to gidi, ching toi khdng ghi nhan sy khac biét
c6 y nghia thong ké gitta nam va nir & tat ca cac thong sé
khao sat. K&t qua nay tuong dong véi nghién ciiu ctia Unal
va cong su®, nhung khac vdi bao céo clia Sartoretti va cong
sy, trong do6 nhiéu théng s6 nhu stroke volume, thé tich tam
thu va thé tich tdm truong cao hon cd y nghia & nam gidi’.

Bén canh céc yéu td sinh hoc, vai trd cia cac yéu td ky
thuat trong do lwdng dong chay dich néo tdy la rat quan
trong. Najafi va cong su da chi ra rang vi tri 14t cat, gia tri
VENC, dé phan giai khong gian va céch vé ROl c6 thé anh
hudng dang ké dén cac théng s do dudc, trong dé viéc
dat lat cat vubng géc vdi cdng trung nao va gidi han ROI
chinh xac trong long c6ng la nhitng yéu t8 then ch&t nhdm
giam sai s6°. Ngoai ra, tinh so sanh gilra cac nghién culru
chi thuc sy dang tin cay khi quy trinh chup va hau xtr ly
dugc chudn héa®. Trong nghién clru clia ching toi, viéc ap
dung quy trinh chup trén hé théng cong hudng tir 3.0 Tesla
vGi cac tham s6 ky thuat tuong déi dong nhat c6 thé gép
phan giam thiéu sai s8 va nang cao dé tin cay clia két qua.

V& y nghia ldm sang, cac thong s6 dinh lugng nhu van
téc dong chay va stroke volume da dugc ching minh cé
gia tri trong danh gia moét s6 bénh ly nhuw ndo ung thay ap
lue binh thudng, hep cdng ndo va di dang Chiari®'°. Do
do, viéc thiét lap cac gia tri tham chiéu & ngudi khde manh
c0 y nghia quan trong trong viéc phan biét gilra trang thai
sinh ly va bénh ly. K&t qua clia nghién ctu nay, mac du
con mang tinh budc dau, cé thé gop phan cung cap di
liéu nén phuc vu cho viéc dién giai cac chi s& dong chay
dich ndo tuy trong thuc hanh lam sang.

10

Bang 3. So sanh cac thdong sé dong chay dich néo tuy
qua cdng trung ndo gitta mot sé nghién cru qua do lam
ndi bat su bién thién clia cac phép do lién quan dén ca

yéu t6 sinh hoc va ky thuat

Thé tich tam
truong (ml)

Thé tich

C@ | Téc d dinh
a tam thu (ml)

A Stroke May
Nghién ctru mau (cm/s)

volume (pl) | chup

Nghiénciu | 20 | 5,29-5,79 | 0,03+0,023 |0,029+0,017 29,0 £18,9| 3.0T

Unalva

cong su® 60 | 5,95+2,48 | 0,013 £ 0,008 | 0,022+ 0,011

17.5+6.8 | 1.5T

Sartoretti va

cong su’ 128 [ 9.35+3.52 [ 0.056 + 0.035 | 0.041 = 0.027

1611 3.0T

Leeva
cong sy

Tuy nhién, nghién cltu cla chung tdi con mot s6 han
ché&. Thir nhat, c& mau nho c6 thé lam gidm dé manh théng
ké va kha nang phat hién cac mai lién quan co y nghia. Thit
hai, nghién ctu dugc thyc hién tai mot trung tam, do do
tinh khai quat con han ché. Thit ba, ching t6i chuwa danh
gia do lap lai clia phép do, trong khi day la yéu t6 quan trong
trong cac nghién ciru dinh lugng. Vivay, céc két qua hién tai
chliyéu mangy nghia tham chiéu ban dau va can dugc xac
nhan trong cac nghién cliu véi ¢& mau l&n hon, thiét k& da
trung tdm va c6 danh gia doé tin cay ctia phép do.

5. KET LUAN

Coéng hudng tir tvong phan pha 3.0Tesla cho phép dinh
lugng khong xam Lan dong chay dich ndo tly qua cong trung
nao vdicacthong sdvantdc, thé tich dong chay, flowva stroke
volume. C4c gid tri ghi nhan trong nghién cltu nhin chung nam
trong khoang sinh ly da dugc bao céo. Trong nghién clru nay;,
chua ghi nhan maéi lién quan c6 y nghia théng ké gilra tudi,
gidiva cac thdng s6 dong chay dich néo tlly. Nghién cltu budc
dau cung cap dit liéu tham chiéu trén hé théng 3.0Tesla; tuy
nhién con han ché vé c& mau va can dugc xac nhan trong cac
nghién ctru quy mé &n hon dé xay dung khoang tham chiéu
va danh gia day di hon céac yéu té lién quan.
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