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Blood flow alterations after flow diverter placement using
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SUMMARY Purpose: We used AneurysmFlow software (Philips Healthcare)
on DSA to analyze flow characteristics in aneurysms after Flow Diverter
Stent (FDS) treatment.

Methods: 18 patients with unruptured cerebral aneurysms were
treated for FDS at the Bach Mai Radiology Center. First, a 3D rotational
angiogram of the aneurysm was acquired. Then, two high frame rate DSA
sequences were acquired before and right after the implantation of the FDS
with a contrast injection of 1.5 ml/sec for a duration of 4s. The aneurysmal
flow was calculated before - after the implantation of the FDS for each
patient.

Results: The aneurysmal flow was significantly reduced after
implantation of the FDS (p=0.001 < 0.05), the mean reduction was
about 19.51%. However, 4 aneurysms (21.05%) had increased flow after
treatment. The pulsatility of aneurysmal flow is reduced after the insertion
of the flow diverter. This reduction of the aneurysmal flow does not differ
by aneurysm size (large and medium aneurysm, p = 0.612) and aneurysm
morphology (smooth and irregular, lobe, knob, bilobar; p = 0.625). The
MAFA ratio in the study is variable and mostly was less than 1, but all
aneurysms in the study were complete obliteration at 6 months after the

intervention.

Conclusion: Significant reductions in flow inside the aneurysm
were observed after implantation of the FDS. There was no difference in
the reduction of aneurysmal flow after intervention according to aneurysm
size and morphology.

Keywords: Mean aneurysm flow amplitude, Flow diversion, MAFA

ratio.
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I. DAT VAN PE

Stent di hwéng dong chay da dwoc s dung trong
didu tri phinh DM ndo vé&i chirc ndng “chuyén hwéng”
dong mau ra khai tui phinh (TP) va vao DM mang, hay néi
mét cach khac, ching lam gidm hoat dong ctia dong chay
trong tai phinh [1], [2]. Tuy nhién stent di huwéng dong
chdy khong gay téc hoan toan tui phinh ma lam gidm lwu
lwong dong chady va tao diéu kién thuan lgi hinh thanh
huyét khéi trong tdi phinh. M&c du phwong phap dat stent
ddi hweng dong mang lai két qua didu tri tot voi ti & tac
sau 12 thang sau diéu trj 1a 75-85%, nhirng van ghi nhan
con nhirng tui phinh khéng téc hoan toan hoéc cé bién
chirng v& sau can thiép [3-5].

Nhiéu nghién clru d& ghi nhan cac théng s huyét
dong cua dong chay trong tai phinh cé thé duoc s
dung dé dw doan hinh thanh huyét khdi va nguy co v&
sau khi dat stent chuyén hwéng dong chay [6]. Trong
nghién cru nay, ching t6i st dung thuat toan clia mém
AneurysmFlow (Philips Healthcare) trén chup mach sb
héa x6a nén (DSA) hai binh dién dé tinh lwu lwong dong
chay trong tui phinh trong qua trinh chup mach. Tt d6 cé
thé thiét 1ap ban d6 dong chay, xac dinh nhitng viing c6
lwu lwong cao - thap va sy thay ddi lvu lwong sau dat
stent ddi hwéng dong chay.

Il. POl TWQNG VA PHUONG PHAP

1. P6i twong

Céc bénh nhan c6 phinh DM néo dworc diéu tri stent

ddi hwéng dong chay tai Bénh vién Bach Mai trong giai
doan tlr thang 07/2021 dén thang 08/2022.

Tiéu chuén Iwa chon: Nhirng bénh nhan co6 phinh
DM néo hinh tdi chwa v&, chi dwoc diéu chi bang stent
ddi hwéng dong chay don thuan

Tiéu chudn loai trtr:. Bénh nhan co tui phinh hinh
thoi, tui phinh da v& hodc dwoc diéu tri bng stent ddi
hwéng dong chay két hop véi cac phuong phap khac
hodc nhitng bénh nhan cé chi dinh diéu tri stent doi
hwéng dong chay sau khi that bai véi cac phwong phap
diéu trj khac.

2. Phwong phap nghién ctru
Phwong phap nghién ctru: mé ta tién ctru

Phwong phap do bao gébm cac buéc sau: (1) dau
tién, chup 3D doan mach chra tdi phinh; (2) ghi mét
loat khung hinh tdc dd cao trwdc va sau can thiép dat
stent ddi hwéng dong chay véi lwong thubc can quang
6ml thudc, tbc d6 thubc 1,5 ml/s trong 4 gidy; (3) thu
dwoc mot loat di liéu hinh anh vé doan mach cha tui
phinh, théng tin vé& huyét déng sé dwoc phan tich bang
phan mém AneurysmFlow (Philips Healthcare) dwa trén
phwong phap Optical Flow.

Danh gia dinh tinh sy thay déi dong chay: su thay
ddi dwoc coi la dang ké khi quan sat thay ca cau truc
dong chay vao va ciu tric dong xody trong tui phinh déu
thay ddi.

Hinh 1.Phwong do tich lwu lwong dong chay bang AneurysmFlow trén may DSA. A. Thuéc cén quang duoc
bom vao véi téc d6 1.5 mi/s trong 4s tao ra mot dong thuéc can quang dé phan mém cé thé tinh toan huyét déng dong

chéy. B. Phén tich huyét déng hoc dong chéy bang phan AneurysmFlow chi ra cac vertor van téc dong chéy. Ving mau

dé tuong (g viing cé vén tbc dong chay Ién.
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Ti I& giam dong chay trong tui phinh dwoc tinh béng ti s6 phan tram (X%) va ti s6 MAFA (MAFA — R).

trwec

Lwu lwgng trung binh TP
X =

— Lwu lwgng trung binh TP

trwdc

x100%

Lwu lwgng trung binh TP

Lwu lwgng trung binh TP__

trwdc

Lwu lwong trung binh DM mang, .-

MAFA ratio =

Lwu lwgng trung binh TP

Lwu lwgng dong chay duwgc do trwdc va ngay sau

dat stent ddi hwéng dong chay. Mirc do tac tdi phinh

duwoc theo ddi trong vong khoang 4-6 thang sau diéu tri
bang thang diém Raymond-Roy.
Xtr ly va phan tich sé liéu

S6 liéu trong nghién ctu dwoc ma hod, nhap vao

may vi tinh va x& ly bdng phan mém Microsoft Excel 365

va IBM SPSS Statistics 26.0. Cac bién dinh lwong dwoc

trinh bay duéi dang trung binh va dé léch chuén, céc bién

dinh tinh dwoc trinh bay duéi dang tan sé va ti 1é. Thuat

toan kiém dinh dwoc st dung la Mann-Whitney, T-test, c6

y nghia théng ké khi p < 0,05.

ll. KET QUA

1. Pac diém chung ctia mau nghién ciru:

trudc

X
Lwu lwgng trung binh BM mang

sau

Nghién ctru clia chung t6i dwgc thwe hién trén 19
tdi phinh/18 bénh nhan. C6 3/18 bénh nhan mét théng tin
trong qua trinh theo ddi sau diéu tri. TAt ca 18 bénh déu
khong xay ra tai bién trong va ngay sau can thiép. Trong
qua trinh theo déi sau diéu tri, 15 bénh nhan déu khéng
nghi nhan bién chirng nhw v& TP hay tac stent.

MGt bénh nhan co6 2 tdi phinh canh nhau & doan
ngang géc DM mét DM canh trong dworc diéu tri bang dat
01 stent pht qua cé cla ca hai tdi phinh.

Do tudi trung binh clia cac bénh nhan1a 53.78+11.83
tudi trong d6 bénh nhan I&n tudi nhat 1a 77 tudi, bénh nhan
nhd tudi nhat la 32 tudi. N gidi chiém 77.8% (14/18) va
nam gi6i chiém 22.2% (4/14).

2. Vj tri, kich thwéc va hinh thai tai phinh:

Bang 1. Dac diém cac tai phinh

n Tilé

Vi tri tai phinh DM canh trong: 18 94.7
- Doan siphon 11 57.9

- Poan mét 4 21.1

- Doan théng sau 3 15.8

PM nao gilra 1 5.3

Phan loai tui phinh Tui phinh nhd (3-7mm) 12 63.2
Tui phinh trung binh (7-15mm) 7 36.8

B& tui phinh Bo nhén 8 421
Bo thdy mdi, cé num nhd 11 57.9

Cb tti phinh C6 rong 16 84.2
C6 hep 3 15.8

CAc tui phinh trong nghién ctvu nay déu nam & hé BM
canh trong — nao gitra, phan Ién ndm & doan siphon clia
DM cénh trong (57.9%). C6 12 tui phinh nhd (3-7mm, chiém
63.2%) va 7 tui phinh trung binh (7-15mm, chiém 36.8%).

V& hinh thai tui phinh, 8/19 tdi phinh c6 bd nhan va 11/19 tai
phinh cé be thily mui khéng déu hodc ¢ nim nhd.

Trong tbng s6 19 tai phinh, c6 3 tdi phinh cb hep
(15.8%) va 16 tdi phinh cb rong (84.2%), trong d6 6 tui
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phinh cb rong (31.6%) c6 ca hai d&c diém la dwong kinh
cb >4mm va i 1& cao — ¢b <1.5, 3 tdi phinh (15.8%) chi c6

dé&c diém dudng kinh ¢d >4mm va 7 tii phinh (36.8%) chi
co tilé cao — cd <1.5.

3. Sw thay déi lwu lwong trong tai phinh trweéc va sau can thiép

Bang 2. Sw thay déi lwu lwgng cua tai phinh trwéc va sau can thiép

) ) L’L!’u It‘vg’ng cE’la I,.wu’l_u’cyr‘\g % thay dbi Két~c_|ué theo Phu’o’ng_phép

Bénh nhéan tai phinh trwéc | cua tui phinh MAFA R doi sau 6 theo doi sau

can thiép sau can thiép Iwu lrong thang can thiép
BN 1 6.1 4.8 21.31 0.79 1 TOF MRI
BN 2 1.4 27 -92.86 0.99 1 TOF MRI
BN 3 3.6 1.8 50.00 0.82 1 TOF MRI
BN 4 4.1 28 31.71 1.15 1 TOF MRI
BN 5 (1) 2.8 3 -7.14 0.94 1 TOF MRI
BN 5 (2) 25 21 16.00 0.83 1 TOF MRI
BN 6 5.6 3.4 39.29 0.76 1 TOF MRI
BN 7 3.4 26 23.53 0.93 1 TOF MRI
BN 8 2.3 3.1 -34.78 2.61 1 TOF MRI
BN 9 2.2 1.7 22.73 0.98 1 TOF MRI
BN 10 3.6 3.8 -5.56 1.18 1 TOF MRI
BN 11 2.7 1.5 44 .44 0.64 1 TOF MRI
BN 12 3.4 2.5 26.47 0.94 1 TOF MRI
BN 13 5.8 3.3 43.10 0.49 1 TOF MRI
BN 14 4.1 3.8 7.32 2.04 1 TOF MRI
BN 15 5.3 2.7 49.06 0.56 1 TOF MRI
BN 16 4.2 29 30.95 0.75 1 TOF MRI
BN 17 3.7 2 45.95 0.65 1 TOF MRI
BN 18 4.7 21 55.32 0.43 1 TOF MRI
Trung binh 3,76+1.31 2.77+0.83 19.51+35.58 | p=0.001

0 = t&c hoan toan (RROC 1); 1 = khéng tac toan toan (RROC 2)

Lwu lwgng trong tui phinh trwéc, sau dat stent va ti
s6 MAFA duoc tinh trén méi bénh nhan. Lwu lwong trong
TP sau can thiép giam (gia tri kiém dinh T-test p=0.001 <
0.05), trung binh gidm khoang 19.51+35.58%. Phan Ién TP
(78.95%) co Iwu lvgng gidm va 4 TP (21.05%) co Iwu lwgng
tang 1én sau khi dat stent, lwu lwgng & doan mach mang do
dwong ciing nghi nhan tang 1én & 4 tai phinh nay.

Ti s6 MAFA & cac bénh nhan dao déng thap nhét
|4 0.43 & bénh nhan tht 18 va cao nhét Ia 2.61 & bénh
nhan thir 9. Cac bénh nhan dwoc theo dbi trong khodng
6 thang sau diéu tri nhdm danh gia qua trinh téc cla tui
phinh sau diéu tri. M6t bénh nhan dwoc chup kiém tra lai
béng DSA va CTA va 16 bénh nhan con lai bang MRI trén
chudi xung TOF. T4t c& bénh nhan trong nghién ciru déu
ghi nhan tac hoan toan tai phinh (RROC 1).
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C D

Hinh 2. Hinh anh phan tich lwu lweng dong chay trong tui phinh truéc va sau dat stent déi huwéng dong chay.

A va B. hinh &nh truéc va sau can thiép & BN ni¥ 49 tudi, cé tui phinh c6 réng & DM canh trong trai kich thwéc
4.3x5.3mm; lwu lwong dong chay trong tui phinh gidm 39% sau thiép, dong chady van téc cao (twong (rng viing mau dd)
chuyén thanh viing mau xanh (van téc thap). C va D Ian luot hinh anh dong chay truéc va sau can thiép & BN niv 37
tudi. Sau can thiép, lwu lwong trong tdi phinh tdng 80%, viing dong chay vén téc cao (mau dé) tang Ién.

Measurement

Hinh 3. BN nam, 50 tudi, c6 TP cé rong doan mat ICA phai kich thuwéc ~ 8x6mm, dwédng kinh ¢d 4.3mm. Hinh A:
sau can thiép dat stent PIPELINE2/4/20, lwu lwgng dong chay trong TP gidm ~ 50%. Hinh B: d6 thi van téc theo nhip

bép clia tim cho thdy mirc d6 dao ddng theo nhip tim (dwéng mau xanh dwong) sau can thiép giam so véi doan DM
mang lan can (dwdng mau xanh 1a).
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3.4. Mirc d6 giam lwu lwong cua tai phinh sau can thiép theo kich thwéc va hinh thai TP

Bang 3. Lién quan giira mirc d6 giam lwu lwong cua TP véi kich thwéc va hinh thai TP

N % thay dbi lwu lwong b
cua TP sau can thiép
Theo kich thwéc TP Nhoém TP nhé 12 2143 0.612
Nhém TP trung binh 7 16.22
Theo hinh thai TP B& nhén 8 11.39 0.620
B& khéng déu, thuy mdi, c6 nim, 2 day 11 27.06

Mrc d6 % thay ddi lwu lwong trong TP sau can
thiép khéng co sy khac biét theo cac nhom kich thuwdc
TP va hinh thai TP trong nghién cru v&i gia tri kiém dinh
Mann-Whitney lan lwot la p = 0.612 va 0.620 >0.05.

IV. BAN LUAN

Stent di hwéng dong chay la phuong phap hiéu qua
trong diéu tri bénh ly phinh déng mach n&o. Chung cé tac
dung chuyén hwéng ctia dong chay ra khéi tai phinh va
vao trong dong mach mang nhé Idng stent phii qua ¢ tui
phinh. Qua trinh nay dan t6i hinh thanh huyét khéi trong
long va gay tac dan tdi phinh trong khi van duy tri dong
chay clia cac nhanh doéng mach bén lan can '2®lexible
microcatheters, and first-generation intracranial stents,
such as Neuroform (Stryker Neurovascular. Theo nghién
ctu phan tich gop cla Brinijikji va cong sw, ti 1& tdc hoan
toan tli phinh sau diéu tri khodng 76% sau diéu tri 6 thang.
Ti Ié nay c6 cao hon & nhém tai phinh nhé hon 10mm (~
80%) so v&i nhém tdi phinh I&n (74%) va tui phinh khdng
16 (76%) °. Cung v&i sw phd bién ctia phwong phap déi
hwdng dong chay, mot vai han ché va tai bién khéng mong
doi da dwoc nghi nhan, bao gdm chdy mau nhu néo, xuét
huyét dwdi nhén hay nhdi mau nao [3], [4], [9].

Mot van dé Ion dbi voi stent ddi hwéng dong chay la
stent khdng gay téc TP ngay sau can thiép ma huyét khi
sé hinh thanh dan trong TP, do d6 van c6 nguy co v& TP
sau can thiép. Ti & nay khodng 2% (5 / 242 tdi phinh diéu
tri bang stent déi huwéng dong chay). V& sau can thiép
stent dbi hwéng dong chay la moét tinh trang tham hoa véi
nguy co t& vong rat cao (4/5 BN). Nhiéu gia thiéu dwoc
giai thich vé tinh trang v& trén gdm: dong chay chuyén
hwéng vao trong tui phinh thay vi ra khéi tdi phinh, phan

(ng viém cla thanh tdi phinh, thay ddi dong chay trong
tui phinh thanh tai phinh khéng én dinh [10], [11].

Dé hiéu rd hon vé bénh ly phinh mach nao ciing
nhw phuwong phap ddi huwéng dong chay, nhidu nhién ctru
da khao sat vé huyét dong dong chay cda tai phinh va
nhirng thay dbi huyét déng sau diéu tri. Chung toi tién
hanh danh gia sw thay déi lvu lwong dong chay cua
tui phinh mach ndo trwéc va sau dét stent ddi hwong
dong chay cta 19 tui phinh hinh tdi chwa vé trén 18 bénh
nhan. Tudi trung binh clia cac bénh nhan |a 53.78+11.83
trong d6 nir gidi chiém da sb voi 77.8%.

So vé&i trwde can thiép, Ivu lwgng cia TP mach
nao sau dat stent gidm trung binh gidm khoang 19.51%
(Cl 95%, p=0.001<0.05). Phan I&n TP (78.95%) c6 lwu
lwong gidm va 4 TP (21.05%) cé lwu lwgng tang l1én sau
khi dat stent. O' nhitng TP ¢6 Iwu lwong gidm sau can
thiép, dong chay gidm ca vé van téc va mrc dd dao dong
theo nhip bép cla tim so v&i DM mang (Hinh 3). Gidm
van téc dong chay va mirc d6 dao dong vé van téc sé lam
gidm nguy co' v& va tang qua trinh hinh thanh huyét khoi
trong TP sau diéu tri 2. 4 tGi phinh c6 lwu lwong ting sau
can thiép déu 1a tai phinh nhé, va tui phinh nay déu tac
hoan toan sau 6 thang diéu tri, 4 TP c6 lwu lwong tang
sau can thiép trong nghién ctu nay déu tic hoan toan.
Diéu nay chirng té con ¢ nhirng yéu td khac tac dong 1én
qua trinh tac tai phinh sau diéu tri d6i huwéng dong chay.

Nghién ciru ctia chung t6i cho thay gitra cac nhém
TP khac nhau vé kich thuwéc (nhém TP nhd va trung binh,
p = 0.187 >0.05) va d&c diém b& TP (nhém TP b& nhan
va nhém TP bd khéng déu, thuy mai, ¢é num, 2 day; p =
0.565 >0.05) khong co su khac biét dang ké vé mc do
giam Iwu lwgng ctia TP sau can thiép.
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Khéng chi lwu lwong ciia TP gidm, cac théng sb
huyét dong khac cling c6 sw thay ddi sau diéu tri ddi
hwéng dong chay. |. Larrabide nghién ctru sy thay dbi cac
théng sb huyét dong trén 23 bénh nhan sau diéu tri ddi
hwéng dong chay cho thdy c6 sw gidm hau hét cac thong
sb huyét dong ctia TP, van téc dong chay ngoai trir ap lwc
trung binh trong TP [13]. Nghién clru clia Ouared R va
cOng su trén 12 bénh nhan c6 TP mach nao dwoc diéu
tri thanh céng stent déi huwéng dong chay ciing ghi nhan
gidm van toc dong chay va &p suét cét thanh cia TP sau
didu tri. D& diéu tri thanh céng, van téc trung binh trong TP
sau dat stent phai giam it nhat 1/3 so véi trudc diéu tri [14].

Trong nghién ctru clia chung toi, cé 2 /18 bénh nhan
st dung loai stent FRED, sé con lai dwgc s dung loai
stent Pipeline. Ti s6 MAFA dao dong tir 0.43 dén 0.61
va phan Ién (16/19) tai phinh c6 ti s6 MAFA nhé hon 1
sau can thiép. Chi c6 03 tdi phinh ¢é ti s6 MAFA cao, tuy
nhién cac tui phinh nay déu tac sau 6 thang can thiép.

Cac nghién ctru khac clia cac tac gia nwédc ngoai
cho thay ti sé MAFA trwéc va sau can thiép 1a mot yéu té
c6 gia tri dé danh gia két qua didu tri. Theo Pereira gia
tri ngwdng ty s MAFA t6i wu dé dy doan tac hoan toan

TAI LIEU THAM KHAO

TP sau 12 thang dwoc xac dinh la 1,03 + 0,17 (P <.035)
v@i d0 nhay 88% (KTC 95%, 73% —100%) va d6 dac hiéu
73% (KTC 95%, 33% - 95%). Tuy nhién lai c6 sy khac
nhau gitra cac loai stent. Vé&i stent Silk, nguwéng ti wu
trén 1a 0.96 (p-0.009) va v&i stent Pipeline, tat ca cac TP
déu tac trong 6 thang dau. Két qua nghién clru nay ciing
goi y rang Stent Pipeline hiéu qua hon trong viéc gay
tdc hoan toan trong vong 6 thang dau tién nhwng; sau
12 thang, ca hai stent déu cé hiéu qua tét nhw nhau 718
aneurysms developed complete thrombosis (87.5%.

Trong mot nghién clru khac cling cla tac gia Pereia
dwoc thwe hién trén 71 bénh nhan, gia tri ti sb MAFA trong
tién lwong tac TP sau can thiép d&c biét chinh xac déi véi
moét nhém nhéd cac TP Ién (> 10mm). D6 chinh xac cla
kiém tra hiéu su4t ROC da tang tir 67% dbi voi tt ca cac
TP 1&n dén 91% dbi v&i cac TP c6 kich thwdc Ion [15].

V. KET LUAN

Phan I&n cac tai phinh ¢c6 lwu lweng gidm sau dat
stent dbi hwéng dong chay. Khéng cé sw khac biét vé
murc d6 giam lwu lwgng trong tdi phinh sau can thiép theo
kich thwée va hinh thai tai phinh.
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TOM TAT

Muc tiéu: Str dung phdn mém AneurysmFlow (Philips Healthcare) trén may DSA dé khao sat sy thay ddi dong chay trong tui
phinh sau diéu tri d6i huéng dong chay.

Poi twong va phwrong phap: 18 bénh nhan co thi phinh DM ndo hinh ti chwa v& duogc diéu tri bang stent d6i hudng dong
chay tai Trung tdm Dién quang, Bénh vién Bach Mai. Dau tién, tién hanh chup mach 3D thi phinh. Sau d6 chyup khung hinh tde do
cao trudc va sau khi dat stent voi lugng thude can quang duge tiém 1,5 ml /s trong 4 gidy. Luu lugng dong chay trong tai phinh

dugc tinh trude - sau diéu tri trén mdi bénh nhan.

Két qua: Luu luong trong TP giam c6 ¥ nhia sau dat stent d6i hudng dong chay (p=0.001 < 0.05), trung binh giam khoang
19.51%. Tuy nhién c6 4 TP (21.05%) ¢6 luu lugng ting 1én sau khi dit stent. Ngoai ra mirc d6 dao dong van téc dong chay trong tai
phinh mach néo so véi DM mang ciing dugc ghi nhan. Mirc d6 % thay déi luu lugng trong TP sau can thiép khong c6 sy khac biét
theo cac nhom kich thude (nhém TP 16n va trung binh, p = 0.612) va hinh thai TP (nhém TP bd nhin va bo khong déu, thuy mui,
¢6 ntim, 2 day; p = 0.625). Ti s6 MAFA trong nghién ctru rat dao dong va da s nho hon 1, tuy nhién tit ca cac TP trong nghién ctru

déu tic hoan toan & thoi diém 6 thang sau can thiép.

K&t luéin: Phan 16n cac tai phinh ¢ luu lwong giam sau dat stent d6i huéng dong chay. Khong co su khac biét vé mure d6 giam

luu lugng trong thi phinh sau can thiép theo kich thudc va hinh thai tii phinh.

Tir khéa: heu leong trong tii phinh mach ndo, stent doi hwéng dong chay, ti s6 MAFA.

Nguwdi lién hé: Tran Xuan Bach. Email: tranxuanbachhmu96@gmail.com
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