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Flow diverters in treatment of complex intracranial aneurysms: a single-center experience

LU Nan, ZHOU Yu, YANG Peng-fei, FANG Yi-bin, LI Qiang, ZHAO Rui, ZHAO Kai-jun, XU Yi, HONG Bo, HUANG Qing-hai,
LIU Jian-min’
Department of Neurosurgery, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[Abstract] Objective To evaluate the safety and efficacy of Tubridge and Pipeline embolization devices in the
treatment of complex intracranial aneurysms. Methods The clinical data of 99 patients harboring 101 complex intracranial
aneurysms, who underwent embolization device treatment between Aug. 2010 and Dec. 2017 in our department, were
retrospectively collected and analyzed. Among them, 91 aneurysms were treated for the first time and 10 were recurrent lesions.
The mean maximum diameter of the aneurysms was (19.6+6.6) mm. Ninety-four lesions were located in anterior circulation
and 7 in posterior circulation. Sixty-one aneurysms of 61 patients were treated with Tubridge embolization device, and 40 of 38
patients were treated with Pipeline embolization device. Clinical and angiographic follow-up were preformed conventionally.
Results A total of 116 embolization devices (74 Tubridge and 42 Pipeline) were delivered and implanted successfully. One
patient died of delayed hemorrhage, and 2 patients suffered from ischemic events after operation. Angiographic follow-up data
was available in 88 aneurysms. The complete occlusion rates of short-term (0-6 months), mid-term (7-18 months) and long-
term (> 18 months) were 66.7% (42/63), 73.5% (36/49) and 89.3% (25/28), respectively. The complete occlusion rate of all
aneurysms was 72.7% (64/88) at the last imaging follow-up, and there was no significant difference between the Tubridge and
Pipeline groups (73.6% [39/53] vs 71.4% [25/35], P>0.05). Conclusion Both Tubridge and Pipeline embolization devices
are safe and effective in treatment of complex intracranial aneurysms. However, the complications shall not be ignored after
implantation of embolization device.
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PR YT Bk Fi PN 2l kR i 2 2837 7 s I
S 1) 26 1 ) T 1 — 2B BB T AR SR I IR YT Y
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FikRa i H o AR PRIV 2 00 A AR SR HI 5T
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1.1 JRe 54 s ESEgh A 2010 4F 8 A&
2017 4% 12 H FRBMFH ML S 10 26 BT 10 5 2%
BN KR 191, WSCAR LI IR S AR s kLA T o1
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IV S S R MU B KR s (2) R Il i S 1) 2R
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FBIEIGEIT, 10 1 (10.1% ) BHEHEEERIT R
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KRBk BE 17 4~ (16.8% ) . FN 3K K5 B
194 (18.8%) | FAZIKARBL 8 1> (7.9%) 5
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1.3 A R% A TFAREBENEREHE 2
WK T 22 Be sl bk op B B 64T o 22l 2 s
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T, W h Niom A sl ki i K 3 v B
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PR [T-track (R, AIMHEETRHE (1
) HBR/ATE]; Marksman 54, I E Medtronic
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5K o O TP T I T 1 2 G G L B e FE IR YT
B OCE TR LR 7 ) 2 5 e % 5L P ol
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ShhkR e € LTI . Raymond 1 28U 14
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T RS, A B R SR AR VR YT
&0 R, BiZI125 8 DA Raymond 232 T
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BITHT . IGIT IS B e 4R ek R Rankin
% (modified Rankin scale, mRS ) X}l FRIE
RITIEGr, JFEH R RGER, 25
X AT I 2 e g Rl . BT A BE RS
3N AATRE IR I 155 ( magnetic resonance
angiography, MRA ) , 6. 12 /> H17 DSA i,
DU BHEE AT MRA KA . 385 SETGE %
PR, WK AR 2R G R A E ol 58 e A
€. L MEIE . e, Zk 45BN,
1.6 %it 54 SR SPSS 18.0 #1741+
G38Te THEGORILL X+s o, WA LR HAES
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K IE ARG BRSO R A, BUREShkiE . 81 MT
I Y5 ) 286 B I f S SRR T I s ko (%
HESKIE) . RJERIZIPEL 2 A (2.5% ) 55
Raymond | 2%, 4 4~ (4.9% ) i5A%] Raymond Il 4%,
75 4> (92.6% ) 4 Raymond %% ; 20 M7EALL I
FmREEEARITRSINIE T, 17 4 (85.0% ) 1
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Fig1 Imaging data of a patient with intracranial aneurysm treated by embolization device with adjunctive coil

Male, 69 years old, dizziness and headache for 3 months and hypertension for 10 years. Computed tomography angiography showed

an aneurysm (arrow) in right vertebral artery (A), and intraoperative angiography confirmed the right vertebral artery dissecting

aneurysm (B), with proximal vascular diameter of 3.3 mm and distal vascular diameter of 3.2 mm. After a Pipeline embolization

device was successfully deployed with 1 adjunctive coil, aneurysm body remained and the parent artery was unobstructed immediately

(C), and the shapes of stent and coils were satisfactory (D, E). At 8 months after operation, the aneurysm was completely undetected

and the parent artery was unobstructed (F). There was no new neurological dysfunction after operation
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Fig2 Imaging data of a patient with intracranial aneurysm treated with embolization device alone

Female, 24 years old, blurred vision for 2 months. Magnetic resonance angiography showed a large aneurysm (arrow) of internal
carotid artery cavernous segment (A, B). Left internal carotid artery angiography confirmed the cavernous sinus aneurysm of the
left internal carotid artery (C). The maximum diameter of the aneurysm was 15.4 mm, with a wide neck of 6.7 mm. The proximal
and distal diameters of the parent artery were 4.5 mm and 4.8 mm, respectively (D). A Tubridge embolization device was deployed
successfully (E). Immediately after operation, the contrast agent was obviously retained and the parent artery was unobstructed (F). At
12 months after operation, the aneurysm was completely occluded (G), and the shape of stent was satisfactory (H)

F1 FAKE-RAFRREE DRSS EEERTER

Tab1 Baseline characteristics of intracranial aneurysms and treatment outcomes of the patients treated by embolization devices

n (%)
Index Total N=101 Tubridge N=61 Pipeline N=40 ¥’ value P value
Aneurysm type 0.372 0.830
Saccular 87 (86.1) 52 (85.2) 35(87.5)
Dissecting 4(4.0) 3(4.9) 1(2.5)
Pre-treated 10 (9.9) 6 (9.8) 4(10.0)
Size d/mm 2.998 0.223
10.0-14.9 31(30.7) 15 (24.6) 16 (40.0)
15.0-24.9 44 (43.6) 30 (49.2) 14 (35.0)
=25.0 26 (25.7) 16 (26.2) 10 (25.0)
Location 1.655 0.799
ICA-cavernous 50 (49.5) 28 (45.9) 22 (55.0)
ICA-ophthalmic 17 (16.8) 11 (18.0) 6 (15.0)
ICA-paraclinoid 19 (18.8) 11 (18.0) 8(20.0)
ICA-terminal 8(7.9) 6(9.8) 2 (5.0)
Posterior circulation 7(6.9) 5(8.2) 2 (5.0)
Treatment strategy 4.101 0.129
Embolization device alone 20 (19.8) 16 (26.2) 4(10.0)
Adjunctive coiling 71 (70.3) 39 (63.9) 32 (80.0)
Pre-treated 10 (9.9) 6(9.8) 4(10.0)
Immediate result
Embolization device alone” 0.323 0.570
Stagnant flow 17 (85.0) 14 (87.5) 3(75.0)
Unchanged flow 3 (15.0) 2 (12.5) 1(25.0)
Adjunctive coiling” 0.662 0.718
Raymond 2(2.5) 1(2.2) 1(2.8)
Raymond Il 4(4.9) 3(6.7) 1(2.8)
Raymond I 75 (92.6) 41 (91.1) 34 (94.4)
Complication 3(3.0) 1(1.6) 2(5.3) 0.947 0.331
Hemorrhagic 1(1.0) 0(0) 1(2.6)
Ischemic 2(2.0) 1(1.6) 1(2.6)
Mortality® 1 (1.0) 0 (0) 1 (2.6) 0.046 0.831

*: Twenty intracranial aneurysms were treated by embolization devices alone; *: Eighty-one intracranial aneurysms were treated by

embolization devices with adjunctive coils, including 10 recurrent lesions; °: A total of 99 patients in this study. ICA: Internal carotid artery



* 308 -

BOFEERFFM 20194E3 H, 405

22 W ARMILRE  BITARBIN Pipeline M-S
A EA 1 FIEETEARE 2 d KA
JAMAEAET . 2 R ARG HINMETI &, Hrp
1 {5 2 A0 g 4 52 Be sl kOR AE Pipeline I3 7]
KEBANRNE 2 h REFHEGW, B3R 8E
( magnetic resonance imaging, MRI ) ;7R Z=0
LT XGRS, 5 d ] RAERIETE )1, Sk
THAEMLTZFHE ( computed tomography, CT) 78

FEAEIX S i 54k, et mRS $F58 3 435 5
1 151 350 PN 2 K AR 2 Bk B 3 ke 28 54T Tubridge Il
TR EIRYT, DRSIENT Sk A B ZE, et
mRS WIrh 2 41, BV R T Dy RE B — K
5. 98 BIRBFIRYTHT . i BERt SRR FY] mRS 1T
I3 VL% 2, Tubridge ZH A1 Pipeline ZH 4%} [E] 5 mRS
WaER¥Igitym L (P1>0.05) .

&2 FABNBKEIRTTRT. HEERKEEHR B R Rankin ERT5

Tab 2 Clinical outcomes of patients treated by embolization devices

n (%)
Modified Rankin scale score Total N=98 Tubridge N=61 Pipeline N=37 o value P value
Pre-operative 0.144 0.930
0-1 91(92.9) 57 (93.4) 34 (91.9)
2 5(5.1) 3(4.9) 2(5.4)
=3 2 (2.0 1(1.6) 1(2.7)
At discharge 1.134 0.576
0-1 89 (90.8) 56 (91.8) 33(89.2)
2 6(6.1) 4 (6.6) 2(5.4)
=3 3(3.1) 1(1.6) 2(5.4)
Last follow-up® 1.057 0.590
0-1 83 (91.2) 52(92.9) 31 (88.6)
2 5(5.5) 3(5.4) 2(5.7)
=3 3(3.3) 1(1.8) 2 (5.7)

*: Seven patients were lost during follow-up

91 ] B E RIS WG R BT, B D[R]
6~74 N, FH (28.7112.2) A, 7 HlEH
FKeijio BT RE b IO & i R SRl =, DAE
PR R R e AR A 31 B, 23 il
(74.2% ) FERZESE, 8 1] (25.8% ) AEREaxE,
— B SR 2P N
2.3 HEFRIFER FE 101 NN ShKE T,
I 88 4~ (87.1% ) R1GF T ARV, KUi (%
FETRM) ) 13 4 (12.9% ) o 63 D EhfkEskis 1
Ik (0~6 H ), 42 14~ (66.7% ) 3
kIase 4 2E, 15 4 (23.8% ) HE—H MR,
54 (7.9%) FaE, 14 (1.6%) Zk; 49 ik

AR T AR (7~18 AN ), Hid 36 A4~
(73.5% ) shik@sea%E, 114 (22.4% ) i#i—
BB, 14 (2.0%) &E, 14 (2.0%)

Bk 28 sk AR T KIWRED; (>18 4
H) , Hr 254 (89.3%) shfikise 4z, 24
(7.1%) #F—H ML, 11 (3.6%) FxE,

Teah kiR 52 % o 48R sh kIR A UK AR 2 Bl 15 3 ik
JESE A ZER N 72.7% (64/88) , Tubridge 4 Fll
Pipeline 4 AR K BT kI 56 42 A1 FE 3 25 S oSt 1 T
B ('=0.049, P=0.824; % 3) . K
N8 56 o SRy, i IR R Z R, TC
A ARIE IR

®3 MRSERERTHANMESEERAETEAEER

Tab 3 Complete occlusion rate of intracranial aneurysms treated by embolization devices during follow-up

% (n/N)
Group Short-term (0-6 months) Mid-term (7-18 months) Long-term (> 18 months) Last follow-up
Total 66.7 (42/63) 73.5 (36/49) 89.3 (25/28) 72.7 (64/88)
Tubridge 64.9 (24/37) 67.7 (21/31) 91.3 (21/23) 73.6 (39/53)
Pipeline 69.2 (18/26) 83.3 (15/18) 80.0 (4/5) 71.4 (25/35)
3 Wi LIl & 2% N 2l ke 1 B 2R YT B AR
w T

ML 5 1) 25 5 4 i PR IS T e A 1 it A 30 ik g
ARG, BEE IR RAR I ABIR R,

T RN S, LY 1) 2 e A B
Jk9eq B LA shbk B MU s 3~ R, (e IR P I
RPN, FEBT LIS P RSSR LR, DA%
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BARYT P Bl kit 45 5 B sl OB G RT3, 45
BN T 2% B IR YT I R R R R
(92.16% ) & T HABIRIT )7 %4l Puffer %1
I Pipeline LY S 25 EIRYT 44 AN
Sl ki dn 52 Besh Bk Bk, BEUIY 90% 1Y B
FEAR U o 17T A6 AR ZE 5] v LS AR AR TR R R
HOARAER 31 FlEE, FEIRIRRE R 23 4]
(74.2% ) FEARGE#, 8 1] (25.8% ) FERFRE,
e BURER N

BRI 17) 265 B 6 T 9A 97 A 4% PN 3 ik e
BUH AN ANIRTT TR B BRSBTS Hora ilAE
FEAZ LT M1 26 BRI i AR RESC B sh o il A 24 A
€. Brasiliense 25" 5T R, SR RN 55
23 R I T ) 2 AT P SR, RN 7
T 5N Sl v ) S kg L 2R 8 & . bR T shilfik
A IHHIE, Rouchaud 25U 4 5l kg A6 750
X S LI ) 2 P SRR A PR R AT T P9, 45
TR S % L7 S5 ) 2 S A s A 150 5 i Bl J kg
PHZEM CHER R 5 Aquarius S5 R RS Bog i
RIMAS B TARIGS IS, TAAHR o I 5 1) 2 S 2
IRV LU ) 4 7 T R L, FEARALR B
A 2 BB TE LT 1) 2% R i v & A S SR
BERK, DN FHERBERT S 200047 T e ik, el
WA T RAFIRITRCR . A0 H S B Bl A
RERZ DR PR AT A, H 0 AL 5 1) 2 A
et [H—I03ET Pipeline LV M) & AR
BEVERF I R, A IFN FH RS AT R A i i
2 B AT B TR R, [Fa AR AR b
e, it — ™ BRihZ 3k re i EER
P, R | R RS R G A IR
FH R

LT 5 1) 26 B0 9 A M) Bl s Ak 1 2 4
(), AEAAEAE—E T R IE RS . —T0T meta 4347

b7 LI )R BRI B kR Y R AR I R
BN 17%, HH R AEEEREN 3.7%, BOLEN
2.8%"% FhkIREIR & v I e I I 1 R A
Ja i E I A REZ ", FEARYURG T, IR
1 Bl TE Pipeline I T2 BB AR 2 d &4
BHEHER s bR 2 L. Cebral 25" FH A )
SRR AT LI T ) 2 AR B I 8l 127
FEIEAT 43T, 5 R IR S 2 B B AR &5 1
N R 3, X AT RE R B kIR ke A i 2 ) i
Hz—. [, Tkeda 2" i % ML S 1) 55 AR
J5 Sh KR 24 0% F A A T 7 R B, B AR Bk
Jo (L B EE R AR, (BRI AGEATA A S I
MIAEAE, WHRRN I3 ) 2 A Sl kR L 3
TSR A S S B A ¢ . MR T Im i 5
2 B ARG sh iR mE 5, 3R & PRI S I & A=
FAREH Ry, SCHRRIA L R AR 4.0%~8.5%,
(R A T PR g AR A 2020 ARG A 1
BB AR I, (AHRF R MRI KA
7 IR A Bl IR A T, FE s B A S
HR LS AL T B TR I 38 7 ) 2 R A S o o I A AL
il 2z —o BT LR 5 1) 2% B B 4 7 SR R
S0, R AR Bl P S XS AN 280,
Bl PE S S RN AR . R s kel sy i
EAZERE . ARYUREIPA 1 FERE L S
P IOk % S s bk e A P 2 S skl PR A
SCHRAR T 37 5 ) 2 B 7 5 0 SCFE Rt & A L IR
WD B SERY LR 15.8%~20%, HER4 S5
AHSCHR I E I AR T U — 2 R R R

T I3 5 ) 2 B R m AR, R R
FONT DAL RO CRER S8, PR E R R b v
WERIE AR B A, DA I 5 1) 2 G 1 52 11
A BEAS 00 F TR AN RE I 370 5 1) 206 B R
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BRI E BT . Pipeline I 2% & N
A SR, BAARIFRR ST, FTIF R
ity ] P AS AT BN R, R B A P N R R
WAE KR [0 3% ), Pipeline L3R 517
BEEE 1 CHY Classic FIZE 2 fRAY Flex #1511 T3k
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