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Summary: Direct clipping of large or giant internal carotid artery (ICA) aneurysms is often difficult Key words:

for various reasons. Flow alteration (FA) using bypass and parent artery occlusion (PAO) could be an
alternative treatment for such aneurysms. We retrospectively reviewed 32 patients with large or giant
ICA aneurysms who were surgically treated between 2014 and 2018. Aneurysms were divided into
three groups, based on location: C3-5 segment (17 cases), C2 segment (including C2-3; 7 cases), and
C1 segment (including C1-2; 8 cases). The treatment methods and surgical outcomes were assessed
for each group. Postoperative outcomes were evaluated at 6 months using the modified Rankin Scale
(mRS). All patients with an aneurysm at the C3-5 segment were treated with FA using PAO with high-
flow bypass. Treatment-associated mRS score deterioration was observed in one patient (6%) with ce-
rebral infarction. Direct clipping was performed in all patients with C2 segment aneurysms. The mRS
score deteriorated in two patients (18%). However, no ischemic complications occurred in the perfo-
rator area. Among patients with aneurysms at the C1 segment, six underwent direct clipping, one un-
derwent FA using PAO with bypass, and one underwent trapping with bypass. Deterioration of the
mRS score was observed in three patients (38%), including two patients with perforator infarction.
Among patients treated with FA, delayed recanalization and aneurysm enlargement occurred. In con-
clusion, favorable outcomes were achieved following the surgical treatment of large or giant ICA an-
eurysms located at the C2-5 segment. However, aneurysms located at the C1 segment of the ICA are
still associated with complications.

- large/giant aneurysm
- internal carotid artery
- clipping

- flow alteration

- high-flow bypass
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KE/ERNFHB IR 5 5 B E TR T, SEER
fir, BRI OIRE, SR MO Y, mgft, fIRIt
Lo 8T IELRMBICEY, M D neck clipping 2%
WHE R YA D % v, BEMAY % A L 72 clipping 258 L v
B, A AP T CoORMAERZEIC X % flow alter-
ation(FA) BB R T 565 H 5705, FEITH v 7 05K
Ik (posterior communicating artery : PCoA) D &AL {Z
72% b OB L TIE, ZRlE o R IR LR D FRAT &
W o 7 S ASER 220910

Shlbivbiuid, S CHRETFMICE D iEHEITo 2
K/ ERWEBIIRE B L C, Z O ls:, Bk
WOV THEMBNICRE 21T o 72, FICE  OIED» K S
Cl SO BRI %2 HOIREF ZHR L, MENZ RS,

MR - ik

201444 HAH 5 20184E9 H E CTo 44E 6 7 HIMIC, ¥
FER KA ERESR L ¥ — CHETA % 17> 72 15 mm
Db oWNEB) IR 32 61 CTI94E i 69 ik (41-81 %), Yk
7B, 25 B) Exf4 L L7z (Table 1). ®hRIEDIsAE
#RAL %, Fisher ® 73 I2HE Y, C3-5(17 %), C2(C2-3
Wreat  7H), CLIC12#E2 &L 8P ICHHL,
FETE, TEHEEE, AR, R 2 R R ITRAT L
7z, EEIRE, M2 6 & H @ modified Rankin Scale (mRS)
VTR L 7. RAFFEIE, YRR AIZE IRB IS X D
KGR TH B KB 5 20-088).

ol 1

C3-5 GO BRI 1, 4Bl THV3HB) DR B IR—r K
IR M2 & (EC-RA-M2) /N A 78 Z + S 7 BR IfL 45 P 28 12 &
%5 FA%ZfTo72. Cl, C2HTIEWREZR 2 & ) B % iR
1F L 72 neck clipping = Hf§ L7228, W& % 2 5 N729E
B Cix EC-RA-M2 /3 £ 78 A + i REIMAT BIZEIZ X % FA,
3 L < 1 EC-RA-M2 /N £ ¥ A + trapping %175 7.

o R

1. ZEENAR C3-5 B (17 H)

4B]C EC-RA-M2 /3 £ /8 A + FHEBNFEBIIRAE ZRI1C X 5
FA %#4To 7z, itk SFICRNIMTE O L% D, 15 6]
(889%) THEIRATL# L7z, 2BIT/NA /S A M DR R
DR WiHRIEBIC3AH), HTEMMICHAEL
7o, MRMEZEIX 3PN, 2B CEIEMREMETH > 7225, 1
BICHFEDHRAF L7z, 25T mRS 25 EAL L 72A%(12%), 1
Bl #: 3 4 A CHA U7 AaMaE R Il ) 223810 L 5
LDTHo 7.

2. PEEENER C2 ZB(C2-3F =& : 7H)

2 B11% < & T It (subarachnoid hemorrhage : SAH)
ZEAE L, 3BNIETERDESE 22 L7z, 26T clip-
ping % 4T » 72 (4 $ C suction decompression Bt ). il
Bl RE %2 B 72 3P 1 BTt s 2 iR 72, Al
IR ELZ DD o 72 1 HITHi#ISE L% B ® 72 (Case
18). 21T mRS EALZRD72(29%). 1BliE SAH O ini-
tial damage 12X 5% b D TH - 72 (Case 23). ZEEEFHIBE O
R MPEA PEE X R 72 - 7z

3. MEEENER C1 2B (C12F&2 & : 84)

20k SAH Z585E L, 3PN EL 2L/
8 B v 6 BT clipping (5 1T suction decompression
), 1#1TFA, 18] TEC-RA-M2 /N4 /% A +trapping
47 o 72, 361(38%) T mRS AV HEEAL L 72, 2 Blix 2Rl kL
FEZED RN TH - 7245, 1 PHIEIRIBOFMRKICE DD
Thotz. PT, REIEAZIRRT 5.

(FEBI 1) (Case 28)

65 %, FE

AT B & CHSRE L 7230 AR L E R B <, ™
FHBNRAE K EB % 2% & 3A T X 9 12 dolichoectatic 7 21k % 1
WIEH LTz, EC-RA-M2 /5 A 78 A + S8 5 P SE B IR A
IZE B FA 2lAh, BOMihEMo 7z Mifk, wolzA
NG DN I & B A /N2 B 72h%, PAER TR
WM RBo, TOBRYA ZOWK LEHITEEDMIT % BD 7
(Fig. 1). firan, Mifk, PEAER OB N O Il EhEE % (X
T (Fig. 2).

(FE®I 2) (Case 31)

T2 5%, k.

SAH THJE L 74 CLE M2 77 10 & O K 15 mm
OEIRB R L, clipping = MifT L7z, Bk BIIR (an-
terior choroidal artery : AChoA) &4 v 7 T fEdD F— 2 h
Bl L, F—2AIHE LT/ (Fig.3C). A&EZ Y v
TTINEY EEA L7223 (Fig. 3D), ¥ 0, K5
DML &/ R % 2@, MRI T AChoA FHIS I
FERZHD7-(Fig. 3F). U KB F—3TaviEkl, B
ERIIEABBRAT O REIC % 5 72 (mRS 4).

(GEHI 3) (Case 26)

49 %, Gk

SAH THIE L 7243 CL 8 7 BE PN 1) & o> B IR 98 12k
L, fllbeca A VERMTbI. 37 HRBRICHEEY &
7o LTREE T A VEERMASHEAT S N72h%, S 51T 1%
Ti%s - B RE &7 L, UYRkICHA 217 (Fig. 4A). H)
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Table 1 Summary of cases

) . mRS at mRS
C,\?ge Age Sex P;e%pet?r%\;e Location Size ngg?;_ Procedures Dei\;:;(grjwlaF Complications stxptegi?;/e admis- at6
’ ymp ymp sion months
1 66 M VI C4-5 Giant Yes Bypass + proximal ligation Yes None 1 1
_ : : o I, v, Vi
2 68 M I, V,VI C4-5 Giant Yes Bypass + proximal ligation Yes (unchanged) 2 0
3 68 F IV C4-5 Large Bypass + proximal ligation  Yes None 1 0
. N M, V, VI
4 79 F LV, VI C4-5 Large Bypass + proximal ligation Yes (improved) 2 1
5 51 F V C4 Large Yes Bypass + proximal ligation Yes None 0 0
6 53 F VI C4 Large Bypass + proximal ligation Yes Insular cortex CI  None 1 0
7 56 F VI C4 Large Bypass + proximal ligation Yes None 1 0
8 61 M I, VI C4 Large Yes Bypass + proximal ligation Yes None 2 1
9 68 F VI C4 Giant Bypass + proximal ligation Yes None 1 0
10 76 F VI C4 Giant Bypass + proximal ligation Yes VI (unchanged) 1 1
1M 81 F LV, VI C4 Large Bypass + proximal ligation Yes None 2 2
12 64 F TIA C3-4  Giant Bypass + proximal ligation Yes None 0 0
_ . I Temporal lobe Cl, ;
13 66 F C3-4 Large Bypass + proximal ligation Yes graft occlusion Aphasia 1 2
14 68 F C3-4 Giant Bypass + proximal ligation Yes [l (improved) 1 1
15 72 F VI C3-4 Large Bypass + proximal ligation Yes None 1 0
16 72 F V C3-4 Large Bypass + proximal ligation Yes None 1 0
1, v, VI
B . . - Watershed Cl, L
17 74 F I, V,VI C3-4  Giant Bypass + proximal ligation  Yes graft occlusion (improved), 2 6
cardiac death
18 41 F None C2 Large Clipping, SD Yes VD VD 0 1
o Yes (neck
19 46 F VD C2 Large Clipping, SD remnant) VD (unchanged) 1 1
20 59 F SAH(G1) C2 Large Clipping Yes None 1 0
21 60 F VD C2 Giant Clipping, SD Yes VD (unchanged) 1 1
22 67 F None C2 Large Clipping Yes None 0 0
SAH (Gb), _ . dLOC
23 70 F dLocC C2-3 Large Clipping, SD Yes (unchanged) 5 6
24 72 F VD C2 Large Clipping Yes Rhinorrhea None 1 1
25 46 M None C1-2 Large Yes Clipping, SD Yes None 0 0
26 49 M CNC())”?r?g))OSt" C1 Large Yes Bypass + trapping Yes None 0 0
27 62 M VD Cl Large Clipping, SD Yes AChoA Cl VD lunchanged). 2
emiparesis
28 656 M VD C1-2 Giant Yes Bypass + proximal ligation No VD (worsened) 0 1
29 66 F VD, PD C1-2 Giant Clipping, SD Yes bD lunchanged), 5 3
SAH (Gb), _ . I Yes (neck dLOC
30 72 F dLocC C1-2  Giant Clipping, SD remnant) {unchanged) 5 5
SAH (G2), B i Hemiparesis,
31 72 F dLoC C1-2 Large Clipping Yes AChoA ClI dLoc 1 4
32 74 F Cl-2 Large Clipping, SD Yes PCoA Cl Ill improved), ~ 0

transient HBD

AChoA: anterior choroidal artery,

MR %3 1 N ZE B IR C1 %61l B @ non-branching site |2 f£ 18
HERGAD 5 b B ORI ZEALE - T B gtk
A IR S N 72728, EC-RA-M2 /N4 /XA TFICHRED
trapping 2179 Hét & L7z, MigimiGmacroidty 7

L,
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Cl: cerebral infarction, dLOC: disturbed level of consciousness, HBD: higher brain dysfunction,
mRS: modified Rankin scale, PCoA: posterior communicating artery, PD: Parkinson disease, SAH: subarachnoid hemorrahge, SD:
suction decompression, VD: visual deterioration

& AChoA & O BIRMENH & 2 TE %D 7225,
AChoA % iliff L7 trapping 238t L\ &I L 723561,
AR PAZEIC X A FA Y D B2 5 8t L7,
Bk Z D b D HHEE &AL LK L T\ 72 (Fig. 4B). Bl
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Fig. 1 A, B: Preoperative computed tomography (CT) scan and angiogram showing a partially
thrombosed left internal carotid artery aneurysm.
C: Postoperative CT angiogram showing robust blood flow in the middle cerebral artery via
high-flow bypass and complete obliteration of the aneurysm.
D-F: Postoperative CT scan at 1 week (D), 6 months (E), and 21 months (F) postoperative.
G: Volume-rendering image of the left common carotid angiogram at 6 months postopera-
tive, revealing aneurysmal recanalization.
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Fig. 2 Schematic images of blood flow into the aneurysm before surgery

A‘B ‘ ¢ (A) and at 1 week (B) and 6 months (C) after surgery.

IO NFEBIIR % AR GEWT U 71212, 98 % 48P L R0 e
L7z, AEZ) vy 7TAl %X, WNEBIIKRO AN
52 v 7% AL (Fig. 4C), ¥ B IR o MW % 1T
9 & & B2 AChoA #ilfF L7z, WEMILERE T, N4
I8 7 5 ONIZ AChoA (X RAFIZHE < 1L (Fig. 4D, E), %

% =

L72bDZxt LT,

KA/ R P FE B R IE 3 5 AVEHE R T,
Lo TEDOWEFHET SR HHAA R 5. C3-5 HITFHA
INA XA + A BRI RIS L 5

MmO % B3 (Fig. 4F), 2 HH THEREEL 7.

FADPENTH D Z L RELMOENTWED, ARFTH
B THRNILTEOM LIS SN, Tt ) mRS O HEAL
D1BI6%) DA E, BIFREBRBEIHO 2 E o7z,
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Fig. 3 A: Computed tomography (CT) scan at admission revealing an isodense mass surrounded

by a subarachnoid hemorrhage in the basal cistern.
B: Preoperative three-dimensional images using the volume-rendering method of CT angio-

grams showing a large aneurysm in the posterior wall of the C1 segment of the right inter-

nal carotid artery (ICA).

C, D: Intraoperative photographs. The aneurysms, ICA, A1, and M1 were exposed. The C1-2
segment of the right ICA is heavily calcified, and the anterior choroidal artery (AChoA; ar-
rowhead) arises from the lateral aspect of the calcified neck (C). Multiple fenestrated clips
were used to perform angioplastic neck clipping and secure the AChoA blood flow (D).

E: Three-dimensional CT angiogram images showing complete obliteration of the aneurysm.
F: Diffusion-weighted magnetic resonance image (MRI) showing an acute infarction in the

AChOA territory.

AL ORI/ FERIHZIZH LTl flow diverter 233} L
DOH LN, FRIOEFRERIL, N 2SR + TR P
EVREHRDBEEGERERL LRV HBLE2RLTW
5. C2ER(C2-3 &b % & de) TIXBMB DREIGHR & DR
BB 5-H 7729, suction decompression & w5 Z &
T clipping "W BE 2 ¥ & 2% . clipping 7AW # 72 35 & T
b, NAXAPEM TS trapping & 47\, MEATYE, @47
it % N ENHRBEIIR, PCoA ~& flow out S5 Z &3
T&5.

A v 7 A8 CLEIC B A REE ClI gl 0B 525K & 7%
BIRE & 722 7090 L7285 €, R F B R EH)
FRBAE Vo AREE= 7 ) V72T TR L, TR
BHE L 2B EETH Y, N7 v FFRAl
EEMMWIIHERTRETH 5. %iEh 2(Case 31) T,
BWOA Y 7 OBAAKALE 2 5RELEICRET S
AChoA B0 72720, HEIZ V) v T TINEE XIMEL
WY 7% clipping % 4T - 7225, #if% AChoA SRS\ HEZE s
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L7 MEREOMWIRR S DETT, BEDOREL VS
R, MihFr s oRELENE b DHL L, LIFL
IEH T oOBREGEIRZ B 55, clipping 2SR YA,

INA XA TFIZ PCoA ~NOMATHEME A S ¥ 5 L9 %
trapping 28 W RE TH ML, ROBRBKE 204G 5. L
L, WINOFETHE@EM ORI L VWIS, KR
BThE, BADIMARLZ & O GEMEIIL T O liAT % 1]
L, FABRAS NP0 ridwvz, Cl#Tlft
AL OPEBIRE L £ D, flow out DIEH L 728,

Wit O O ML O FEEE L Gl IAT DSV & TR IS T
W55 EAWEETH B, B 1(Case 28) TIF, HHEHR
WCWo 72 AR LZMEATFHEL, A4 XK ERED
72, AIEBNCB VT, PCoA I3HES BIIRIEIC X 0 HikED
T R ENd 00, WHEIIRIREIZB W TIEH
HEg, Mimd A A X2AMEEr A LMliEAasNE
Motz F72, AChoA biliHr, #Mith% @ L THO 2 IZIE
s hidror. L7d5oT, FA#IZPCoA, AChoA
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Fig. 4 A: Three-dimensional (3D) image of right carotid angiogram at 18 months after the second coil emboliza-
tion showing aneurysmal recanalization and enlargement.
B: Intraoperative photograph taken before trapping. After aneurysm exposure, coils are visible through

the aneurysm wall.

C: Intraoperative photograph taken after trapping. A fenestrated clip was used on the distal side of the
internal carotid artery (ICA) to include A1 in the fenestration. The anterior choroidal artery (AChoA,; ar-

rowhead) is secured.

D: Postoperative 3D image of the left carotid angiogram showing obliteration of the aneurysm and blood

flow in the AChoA (arrowhead).

E: Postoperative right carotid angiogram showing middle cerebral artery blood flow via the extracranial-

radial artery- (EC-RA) M2 bypass.

F: Postoperative diffusion-weighted magnetic resonance images showing no ischemic complications.

O flow out DFLE AR L CHMAAE L2 E1EE 2
v, =T, 3l Al BMEIER TdH - 727200l 5 5
2 IVX)  EAE S ANE NI NEPAE AV (%N NIPN; 17
PRIIBADHEFR 2 HH > TV /2728, WA NRZADLE Al &
A L 72 KRB IR AN O M T Z IR E Vb DL EZ S
N7z MRITIENA 782 — M1 — Al L IZITEBHICTH N
TN SRS, £ OFAERIC ML 25 Al DK
M W Jev, T & IE R 2N TORITEE LT
ALNERTW & v ) FRGEOF I, FA O
BRETHAZHLDOTHE LW E2EL TV (Fig. 2). B
KIMAELBIIRIE OB KA & LT, #EEICBIT 5 vasa va-
sorum Hi 3R o F A L <0 ML NN IS 380 2 #7281 A
ek U, BEPYR AR I BRI 35\ I & Mk 2 8 0 32
TEXBFEFLNEY. ZO XL THEL R
Z A EER 512 FA £ hemodynamic stress 2301 % 2
LTk, AR LR E DORICH 7w REEAE S N, A
JEBID X 9 o — b ToOFBEE & TR ED T4

ZEZ2 b5, FA BZOBNREIMARILR S EEGRAEIZ BT
HAMEFEEZ WS T720121F, 728 21X, NA S APEH#E
MAEMEEAT - 7otk, MPRIERICL D) FA Zollit
PEEZMEREL, RPA TS THIUIEMO FA Z a3
Lo HRLEM»L Lk, F 72, computed
flow dynamics & H V72 FA £ o Ui B RE -] AW BB 1C 72
W, NASZOEIR, BRI OPER E, FIIZED
WG A VT A EDSH RIS A hD Livkw, L
L, BER TR, 29 L7z FA OARMFEME:Z 8T X 55
PR, Wi, EREMICEEAOME, Mo
B, FHK, MREVELEL L 2 SIS, Pl
FBOFEH S FO, MEICKEEEZBIRT L ULENH 5.

—} T, WAEOLAE, TN % R L i A
Bi CUEEDD B 728, itk oH Il B & O F 3 25 A 3 7
FAWRB IS 2w, 95 LAWaE, 2L 213, g8k % s
LAy 7T 5 DHADES clipping #17-> 729 2T,
I A OVEERZ BN L C LS o i &2 RS 5%, F 72
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ENTETBYY, SHOERIHHES 2B T LHTFH
ENn. F/, TN FTPCoA X 0 HHH BRI O
I E SN T Wz flow diverter DS IE, & 5 IZEM
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BRTEERE T2 LEN D 5.
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ping #1772, 2 61(18%) T mRS ZNEAL L 724%, L@ s i
MAPHEXRD o7z, C1ETIX, 66T clipping, 1#TEC-
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