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Aneurysmal wall stress caused by platinum coils is not dependent on the size of a
coil but on a diameter of the stock wire: in-vitro study

Michiaki OHASHI Hiroaki NOMURA Kazumitsu KYOSHIMA Shiro NAGASAWA Eimei TSUDA

Department of Neurosurgery, Soseikai General Hospital

@Abstract@®
Background and purpose: Selection of the appropriate first coil in cerebral aneurysm embolization is essential
to establishing a stable coil frame and thereby to providing recurrence-free treatment. However, the criteria
for selecting the first coil have not been established. The aim of this study is to experimentally evaluate the
coil-loaded mechanical force on the aneurysmal wall and to provide a reference for the rational selection of
first coils.
Methods: Two experiments were performed using two coil systems (the Guglielmi Detachable coil [GDC]
and Electro Detach coil [ED]). First, counterforces created by step-wise compression on the coils were
measured. The diameter of the coils, ranging from 3.0 mm to 16.0 mm, was set to an uniform value of 3.0
mm before compression. Second, each coil was inserted into a silicon aneurysm model of 4 mm in diameter
and then counterforces from the coil-filled silicon aneurysm were measured.
Results: Step-wise compression of a coil led to an almost linear increase in counterforce values. The diameter
differences had little effect on these values as long as the stock-wire diameter and primary diameter of
the coils were constant. Stock-wire diameter seemed to be the primary determinant of the value. In the
experiment using the silicon aneurysm model, the counterforce was not dependent on coil diameter, but
seemed to be determined by stock-wire diameter and length of the coils.
Conclusion: The force on the aneurysm wall caused by insertion of the coil into the aneurysm depends
primarily on diameter of the stock-wire and not on the size of the coil.
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Fig. 1
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Fine structure of the helical coil and name of each part. Stock wire with diameter D1
forms the primary coil with diameter D2, which in turn forms the secondary coil with

diameter D3.

5N % (Fig. 2A right). L2L, 1) BRI OIIRIE
— MR, 2) BNEIIRIE OFAEY, 3) RPN L
IME 7 &2 & 2 MEIRIEOLTE, 7% EOEERIC X U HE)
WA DD NG S DA DD Y, S NABYIRIEZE
KO RIBREARICEE L T2 i S 5. h
LS 2 72 DI RTICEHI L 722 L D K&Ewvwa A v
(Fig. 2B left) &M\ iU, MW GFINICEM S U CREE
2L, OV > THTROIAL VT L— 259
S TINENIRB N BEIC A T 5 L e s s (Fis.
2B right). L7 LAadSKRELR IV, BimEIC®
BEL THRND 7 L — 2R L, & 5\ IS MEN IR
BEANOTJFEN AR BO TR THh L EBLONTE:
720, BIRENLZLIFIIEAE LD 57 T4 VDI
AR PRIR & ERERAT IC BT A EARIITZEIE A 7 K, B
REL D —BRREWEED I A V& W7z REORRER
W OGO L o7z, EDLOTHKRNRHED Sh
TV,
INEIIRIEZEAR ] 2 4 V1L, —RICT T FF 92%, &~
TAT V8% DEEEMELE T 534 VFHEM (stock-
wire) Z&WT 1Rk I A IVEL (primary coil) Z1ERL L,
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EHIZTIRIA NV E BNV T2KIA AV (secondary
col ) PMESLNT WD, T4 VEROEREL D1 LKT &,
1TRIANVBOBEEN [TV 1 RE (D2)), 2kaA
VOB a4V 2kE (D3)] (Fig. 1) L&abhaAs
VOKE ST, BAE10mm 205 20 mm ¥ TOME4
DEEOIA VTHREN TN 5.
AEFZETIE, TFaf vo 2k (D3), E512iF1
K (D2), FwE (D1) OZLsaAf VomEs (Hik)
252 BZbEBET L, RIC2RBEORRZ IV EE)
RHE € 7 WASHEA L 72 R IIRIRE IS AR5 5 D4y s & Lt
Rz
MBERE

1. F

fEHLZza 4 VIZED coll(B A A AT 4 v 7 A, KK
L GDC (Stryker, Kalamazoo, ML, USA) TZhEh 2
REORL L 3HOEF 6 TH A [ED soft 3 mm-8
cm (ED 3-8), ED soft 6 mm-8 cm (ED 6-8), ED soft

16 mm-10 cm (ED 16-10), GDC 10-360 soft 3 mm X 8
cm (GDC 10-360 3-8), GCC 10-360 soft 4 mm X 7 cm
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Schematic drawings of the intra-aneurysmal configuration (A, right) shows a coil with
the same diameter as that of the aneurysm (A, left). The image of the configuration (B,
right) shows a larger diameter coil (B, left) and suggests that the coil is firmly fixed to the

aneurysmal wall (B, right).

Table 1 Coil characteristics and counterforce values measured during
step-wise compression of the coils.
counter force (mN) . ) ) )
. - secondary coil | primary coil | stock wire
coil compression (mm) D3 ' mm D2 :inch D1 :inch
0.25 0.50 0.75
ED 3-8 11.7 24.0 35.6 3.0 0.010 0.0018
ED 6-8 144 255 375 6.0 0.010 0.0018
ED 16-10 11.7 231 425 16.0 0.010 0.0018
GDC 10-360 3-8 | 20.9 404 57.1 3.0 0.011 0.0020
GDC 10-360 4-7 | 146 31.3 434 4.0 0.011 0.0020
GDC 10-360 6-15 | 455 765 | 1025 6.0 0.011 0.0025

(GDC 10-360 4-7), GDC 10-360 soft 6 mm X 15 cm
(GDC 10-360 6-15)]. £ a4 Lo 2®ka 4 ViE (D3
mm), 1k 24 V% (D2 :inch), Fi#EE (D1 :inch)
% Table 1 \Z/R L7
2. Bk
1) 92881 a4 VEWEDRIE

T4 OEFED T A VHENRENIZ A S 72O IRE

AR L CaAf Vollltkz e L7z, Fig. 3ITRT &9
R 2RFEOIALIVE Smm 1 BXICHREL, 7
F— A=Y (FUVINT+—AFr—Y  HAEKEY ¥
B (BR) #HK L A4V Z2EETANC 025 mm,
050 mm, BX V075 mm & BRERIER L 7ziFD KT
(mN) ZlE L7z

2) FEBR 2 1 & TOVENIRIE DORGEE G- R B B DR
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Fig. 3
Schematic drawing of the experiment evaluating the expanding force of
coils with diameters 3.0, 4.0, 6.0, and 16.0 mm. The diameter of these coils
was initially set to 3.0 mm and compressed in steps. The counterforces
were then measured by a force-gauge.

2IRPEDF T2 B A NV Z BRI IIEA L 72 R IR RE |2

Wh BTN E Fig. 4 (R L722E 2 v TillE
L7z EAROBIIRIEN TIZ T A VAR MRS 5
TN Z TN DME D IR SN A 720, HIE4
mm O ) 2 2 EFIVEENIC 80 mmHg D MUE Y §
ZIKIE (#1100 mmH0) ZEf L7z, SOET VRIS
2URBEORLLEZMMIANOEREHAL, 7+—A7
— T THMU 2 SO TEFBIZ AT T 1 mm FEfE L 72RO [
73 (mN) ZWE L7

IS

1. JqJ)vEIM

WO T A VB LAAR (025 mm, 05 mm,
0.75 mm) OHGHNIHRIIE LTI A IV I BRI 3
L7z (Table 1). 2%k 2 4 V£ %3 mm, 6 mm, 16
mm & %7 % ED 3-8, ED 6-8, ED 16-10 TiZ, 3 BW%
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O LAARITHINT 5 SOEIZIZITEM L 72, &8,
INS3FOILND 1 IRIANEE, FEFIZFE L TH
B, THICKHLT2KIA VAL 6 mm © ED 6-8
& GDC 10-360 6-15 & & Jbik3 5 &, i LiAARREITRT
%, GDC 23%) 3 & % -7z, GDC 10-360 6-15 ™
TR A VAR, FEEZED 6-8 L ) mfiT, ThZh
L1R5, 14R5E 20, FICEREORMEIE Lo 7.
RO BIAIE 2K T A VD U3 mm D ED 3-8 &
GDC 10-360 3-8 £ THRED BN, KNI 175 TH D,
LRIA NV, FRFEIZZENENLLE, 115 Cho7:
(Table 2).

2. EMARIEEEICAC AT

2RIAA NED 3 mm, 6 mm ERGE-TH, 1kaA
WV, FERMEDSHE U ED 3-8, ED 6-8 TIZEIREEA S D
ZFERES (313 mN & 293 mN) Tho7e.

GDC 10-360 3-8 & ED 3-8 & 1&[[ U 2 k% 278



Table 2 Counterforce values measured in the aneurysm model.

coil counter force | secondary coil primar.y coil | stock .wire
(mN) (D3 : mm) (D2 :inch) | (D1 :inch)
None 30.5 / / /
ED 3-8 313 3.0 0.010 0.0018
ED 6-8 29.3 6.0 0.010 0.0018
ED 16-10 52.7 16.0 0.010 0.0018
GDC10-360 3-8 373 30 0.011 0.0020
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A

force gauge

1100 mmH,0 =80.1 mmHg

silicon aneurysm (4 mm)

Fig. 4

Schematic drawing of the experiment to measure counterforces in a silicon aneurysm
model of 4 mm in diameter using a water reservoir placed 110 ¢cm above and a force
gauge. Counterforces were measured as the coil-filled aneurysm model was being

compressed.

M OFMRE, 1 KENRRKEL, Kb 373 mN &
REhoiz.

—7J, ED16-10 125 H 35 &, 2RBIIREVAT R
T4 IVEE, EREANEELWED 3-8, ED 6-8 X hkK&EW
N JJ%m7R L7, ED 16-10 ® 2 4 V13 10 cm &t 2
Moafvo8em ) 2emEL, EFVENOIA
WARTEDSEEI L T 7z,

z B
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(&, BRI S NZEIRIEEE L D — ) K& a4 VR
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LS o

REODED A N Z BRI IFAT 2556 2 E
ThHE, A NI A OFLEEICTE AN S 2D
B L, SHIHINT SN SHENICIHFA SR
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White 5 7 12 1RIA VA T4 VERTTEI/NAR, 2
WAL NE TRIA VB TTE R EHE L CRE)
M OMGEREE ONRE) 2@ L7z Jou” X1k
A VEEASEM L7 INEBE i > TS B IZEH L

JNET Vol.7No.2 May 2013 85



Ohashi M, et al

7o. ZORERIE T A Vo TR (bending
stiffness) 1%, I/ VFE#HE (D1) O 4L ZOFMD
ERXZWHIT B Z Ebh oz, 2Ra A Vol FivE
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R % NI ST B I1E 1R A VR, 23k £ Vi
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BEG-LenwZ &% 5.
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I A VARSI U CHIIRIBRE U 2 560 5 2 & AVRIR
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