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Experimental Study of Esophageal Covered
Stent for Prevention of Migration:
Use of clay to simulate stenosis of the
esophagogastric junction or anastomosis site

Shiro Makutani,” Tetsuya Yoshioka,?
Hideo Uchida,” Takehiro Tanaka,”
Hitoshi Yoshimura,?’ Hajime Ohishi,?
Satoshi Iwasaki," Koichi Ide,"” Koji Ueda,"
and Munehiro Maeda®

Purpose: An inner-covered Spiral Z-stent (IC-SZ) developed by
our group was examined for its effectiveness in preventing mi-
gration by experimental comparison with commercially available
esophageal covered stents.

Materials and Methods: The following six types of stents were
used: inner-covered Spiral Z-stents with diameters of 16 mm (small
IC-SZ)and 19 mm (large IC-SZ), outer-covered Spiral Z-stent (OC-
SZ), covered Wallstent, covered Ultraflex stent, and Cook Z-stent.

Experimental models were prepared using clay to simulate steno-
sis of the esophagogastric junction or anastomosis site due to tu-
mor, and each stent was placed in the clay.

After the stent had been fully expanded with a balloon cath-
eter, one of its ends was pulled until the stent migrated out of the
clay, and the traction force was measured. The inner cavity of the
stent placed in the clay was observed using an endoscope.
Results: The mean maximal traction force required to pull the stents
out of the clay were as follows, in decreasing order: 4.14 + 0.39
kg for the large IC-5Z, 4.12 + (.83 kg for the small IC-SZ, 3.64
+0.44 kg for the Cook Z-stent (p < 0.05), 3.34 + 0.62 kg for the
covered Ultraflex stent (p < 0.05), 1.53 + 0.43 kg for the OC-SZ,
(p<0.01), and 0.56 + 0.16 kg for the covered Wallstent (p <
0.01). The force required to pull out the large IC-SZ stent was
the greatest, showing a significant difference from the values for
the other four types of stents (excluding the small IC-SZ).

Observation using an endoscope revealed that the wire of the
IC-SZ stent was almost entirely embedded in the clay, whereas
the wires of other stents were not.

Conclusion: The IC-SZ stent may be less likely to migrate than
other esophageal covered stents.
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1. {#Hstent

EBRIL, 2 HEDIC-SZ, OC-SZ, Cook-Z stent (Cook
1), covered Ultraflex stent (Boston scientifictl), covered
Wallstent (Boston scientifictt) ? 6 #%§% > T47» 7=
(Table).

IC-SZ (Fig. 1) DHfiEiL, spiral Z-stent” DNEI &k % A1)
IF LV VRTEY, HEINEOFR) L5 v EYEET
HHET, 74V —0O—2 32 R) 5L VETES k
DA EANHOR) TF L %854 72, Stent®bend-
eyeDERTIIHE DN T W, F 72, stentDbend-eye D5
WHEDRY ZF L L bEEE SN TR, ZOIC-SZ
T2 REIER L7z, —oix, PREDIEDT19mm TR %
22mm®D 7 L7 —IRIZ L2 d @ (large IC-SZ), & 9 —2idff
Wi B & PR DSES16mm O PR IZ L7 D @ (small
IC-SZ)TH 5.
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Table Comparison of the characteristics of esophageal covered stents.

Type Stent Length Cover Length Stent Diameter  Distal Diameter Proximal Diameter
large IC-SZ 110 110 18 25 25
small IC-8Z 110 110 16 16 16
0C-8z 110 110 19 25 25
Cook-Z stent 100 100 18 25 25
Covered Ultraflex stent 100 70 17 17 23
Covered Wallstent 110 70 20 20 20

f Force

Load Cell

Qil Clay
\

Fig. 2 Stent set-up in experimental study.

A stent was placed in the clay, traction was slowly (100 mm/min) exerted

upward, and the force of traction was measured.

(mm)

Fig. 1 Inner-covered spiral Z-stent.

stentASSEE IR T S BRI 5 £ TOES T EE
BEAG Wl E L7z, TR ORIRHIE L %covered
Ultraflex stentid, BOKEVWEITFTHIZLE LI
WL,

HI5E X BstentlZ BV T K4 5 ATV, EIFATIZH
ELZERNOF EHEMME D, KstentF LB
L, ZOEKEIZDWTHEERE (T-test) 1T o
7oo F o, MRS EPICEE S s Fstent &R OMR
LN HE T AW TBlig L.

w =R

1. SstentDZES|BEORAE & 5| & ik % HhiR0 L

FEGN L) BstentAEB T % F TORIEDFH +
HEHRZ % Fig. 317, KstentD5 | &1k & gt 01361
#Fig. 417 L7z,

FstentHSHEH, T B T TOES RO AMEDFH) (F
¥+ BHE(RE) (X, large IC-SZ: 4.14 +0.39kg, small
IC-8Z: 4.12 + 0.83kg, Cook-Z stent: 3.64 + 0.44kg (p
<0.05), covered Ultraflex stent: 3.34 + 0.62kg (p <
0.02), OC-SZ: 1.53 + 0.43kg(p < 0.01), covered
Wallstent: 0.56 +0.16kg (p < 0.01) DIET&H > 7=, large
IC-SZIItDstent D2 D> Tl b Bl %R L, small IC-
SZ % B Ao 4 FHHDstent & L THEE R 7D

728, FIEILRA NV — ¥ T&stent % full-expand S8, Hit

IZstent & B S 72, KRIZ,

T, stent?®_E¥gll2000F, WERIESR(AGS-100G, i
YERT) % BV T100mm/min @& T L5 12%5 | L (Fig. 2),

ERE 124E7H25H

75w ERAR_EALFH & e L

72. Small IC-SZ & large IC-SZ & D133 [ D kA I
FEZrHDO o7,

5l & & MM & B HETI, large IC-SZ, small IC-
SZ, Cook-Z stent® 3 FEDstentld, stentHE)T 2 F T
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DEGINIHRAKAEE R L7, large IC-SZ & small IC-SZIZ,
ERBERZB 500, 1ZIZFAFELHHMER L7z, Cook-Z
stentld, large IC-SZPsmall IC-SZ & V) & stentVSBE)T 5 F
TOEF IR LMD DD, stentHHE) L T AHEOFE
5l fE% R L7, Covered Ultraflex stentld, stent?™f
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stentASHE 1A S IR T A B OEI R A TH o 7.
OC-SZDstentH BT % T TOFES 1L, large IC-SZD
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Fig. 3 Comparison of mean maximal
traction force among stenis.

The mean maximal traction force for
the large I1C-SZ stent was the great-
est of the six stents.

The differences between the large IC-
SZ stent and four other stents were
significant [Cook Z-stent(t-test, p <
0.05), covered Ultraflex stent (t-test,
p < 0.02), OC-SZ(t-test, p < 0.01),
covered Wallstent (t-test, p < 0.01)].

Fig. 4 Graph of traction force for
each stent(example cases).

The curves of the large IC-SZ and
small IG-SZ stents were similar, irre-
spective of stent diameter.

With the large IC-5Z, small IC-SZ, and
Cook Z-stents, maxirnal traction force
was obsierved immediately before the
stents began to move.

The maximal traction force of the
covered Ultraflex stent was observed
immediately before the stent detached
from the clay.

The maximal traction force of the OC-
SZ was less than one-third the cor-
responding force of the large 1C-SZ.
The maximal traction force of the
covered Wallstent was less than one-
fifth the corresponding force of the
large IC-SZ.

13U TFTHY, covered WallstentlZ1/5LLTFTdh - 72,
2. AREEIC & BstentRRE OEIZE (Fig. 5)

PHREI & ZstentNIEROERE T, IC-SZIZ2 | L D
wirelZAEHPICHB L TBY, I FLAEFAETE Lo/,
Cook-Z stentDwireld, stentrPI5ETh 30 JH 2%

LT Ak &ior:.

0C-SZ & covered Wallstent 3 & UF

covered Ultraflex stent®wireld, 4 < #HMIZER L T

T A

HARER & £60% F85



e LEE Mo 437

\ /

F1g 5 [Endoscopic features of the inner cavity of the stent placed in the clay.
A: IC-SZ stent, B: Cook Z-stent, C: Covered Ultraflex stent,
D: OC-SZ stent, E: Covered Wallstent

The wire of the IC-SZ stent(A) was almost entirely embedded in the clay.

The wire of the Cook Z-stent (B) was slightly embedded in the: clay at the central part, but most of the remaining part was not embedded.
The wire of the covered Ultraflex stent(C), OC-SZ stent(D), and covered Wallstent(E) were not entirely embedded in the clay.
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IC-SZI3 i Dstent & Fe Y WHID I % F1 23— LAV L wire
PEBEH LT AL, WHETHESWZ LI, wireHE
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5, ZDIC-SZOMBEDTREMAEVEBE LT, wired¥Hl
P E VAT 2 2 X DB L 12 < vy & v ) bare stent®
e A L, FEBEL BT DwireldT_TT v —L LT
W, stent EMADSSEEBECIEGN CEE S NATDEER
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Cook-Z stentd I I-ER T —Hfwire AR L MIZHZ L THB
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MY EEBOMER - & B ARE L BE L ERET L%
VT, SstentPSEEIHENANER S5 F TOES | H%
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rROL; o7,
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b5l Ei2d D, stentFEMM L LTHMET 20T 5EM:
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