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Objective: We wanted to evaluate the feasibility and usefulness of a newly
designed balloon sheath for gastrointestinal guidance and access by conducting
a phantom study.

Materials and Methods: The newly designed balloon sheath consisted of an
introducer sheath and a supporting balloon. A coil catheter was advanced over a
guide wire into two gastroduodenal phantoms (one was with stricture and one
was without stricture); group | was without a balloon sheath, group Il was with a
deflated balloon sheath, and groups Il and IV were with an inflated balloon and
with the balloon in the fundus and body, respectively. Each test was performed
for 2 minutes and it was repeated 10 times in each group by two researchers, and
the positions reached by the catheter tip were recorded.

Results: Both researchers had better performances with both phantoms in
order of group IV, I, Il and I. In group IV, both researchers advanced the catheter
tip through the fourth duodenal segment in both the phantoms. In group I, howev-
er, the catheter tip never reached the third duodenal segment in both the phan-
toms by both the researchers. The numeric values for the four study groups were
significantly different for both the phantoms (p < 0.001). A significant difference
was also found between group Il and IV for both phantoms (p < 0.001).

Conclusion: The balloon sheath seems to be feasible for clinical use, and it
has good clinical potential for gastrointestinal guidance and access, particularly
when the inflated balloon is placed in the gastric body.

astrointestinal strictures are usually caused by malignant tumor or by

postoperative stenoses (1—3). Such interventional therapy as balloon

dilation and/or stent placement for patients with gastric outlet strictures
or duodenal strictures is well known to be simple, safe and effective palliative therapy
(1-8). However, the tortuousness of the access route and a dilated flaccid stomach can
make it very difficult to manipulate interventional devices through the strictures.
Some authors have stressed the difficulty of passing the delivery system through the
strictures of the gastric outlet and the duodenum because of the loop formation of the
delivery system in the dilated stomach (5—7). Therefore, interventional procedures
can be time-consuming and they can sometimes fail in complex cases (5 —7).

To solve this problem, an endoscope has been used by some groups of physicians to
support the interventional devices as they pass through the dilated stomach (2, 8, 9).
Stent placement via percutaneous gastrostomy or the percutaneous transhepatic route
has also been reported (5, 10, 11). However, there are some limitations related to the
endoscopic or percutaneous approach, such as the discomfort of the endoscope, and
the risk of bleeding, infection and leakage of the enteric fluid associated with the
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percutaneous approaches (8, 9).

Therefore, a balloon sheath was designed by the authors
of this study to provide additional stability for the
interventional devices as they pass through the stomach.
The purpose of this study was to evaluate the feasibility
and usefulness of the newly developed balloon sheath for
gastrointestinal guidance and access by conducting a
phantom study.

MATERIALS AND METHODS

Balloon Sheath Construction

The home-made balloon sheath mainly consisted of an
introducer sheath and a supporting balloon (Figs. 1A, B). It
was divided into four parts: the distal angulated part, the
balloon part, the straight part, and the proximal handling
part (Fig. 1A). The introducer sheath was made of a
polytetrafluoroethylene (PTFE) tube (Sang-A Flontec Co.,
Incheon, Korea) with a 4.2 mm inner diameter, a 4.8 mm
outer diameter and a 60 cm length. The distal part of the
sheath was 8.0 cm in length and it was bent at a 100°
angle. A side supporting balloon (8.0 cm in length) was
made of latex tube (Unidus Co., Seoul, Korea), and this
was attached to the sheath with nylon strings (Teleflex
Medical, Coventry, CT, USA). The balloon was designed
to point to the opposite side of the angulated tip when it
was inflated. A polyetheretherketon (PEEK) tube (Victrex,
Orangeburg, SC, USA) was used as the balloon inflating
side tube, and this was connected to the proximal part of
the balloon. Polyetheretherketon has excellent flexibility
and resistance to chemicals. The polyetheretherketon side
tube had a 1.0 mm inner diameter and a 1.3 mm outer
diameter. The proximal end of the PEEK side tube was
connected with a side-arm that included a three-way
stopcock (Cook, Bloomington, IN, USA). The straight part
constituted the main part of the introducer sheath (44 cm
in length) and it ran parallel with the PEEK side tube. The
distal angulated part and the straight part of the introducer
sheath were covered with a heat-shrinkable tube (6.0 mm
outer diameter) (LG Cable, Anyang, Korea). The chemical-
resistant heat-shrinkable tube was used to tightly wrap the
both ends of the side supporting balloon (nylon-strings) as
well as to mount the straight part of the introducer sheath
and the PEEK side tube together. Three radiopaque gold
rings (0.1 mm in thickness and 1.0 mm in width) were
attached to the sheath with glue at both ends of the
balloon and at the distal tip of the sheath; these acted as
markers to improve the radiopacity of the sheath. Last, a
plastic handling hub (S&G Biotech, Seoul, Korea) was
connected to the proximal end of the sheath.
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Gastroduodenal Phantom

Two types of silicone phantom models were made for
the balloon sheath study: one simulated a normal anatomic
condition, and the other simulated a 70% concentric
stenosis at the gastroduodenal junction. First, a paper
plaster clay model was made according to the anatomy and
size of a normal human stomach and duodenum. It
included the lower part of the esophagus, the entire
stomach, the duodenum and the proximal portion of the
jejunum. Second, after the model had dried for three days,
it was put in a lucent molding box. Fluid silicone (Shin-Etsu
Chemical Co., Tokyo, Japan) was poured into the molding
box, and it was allowed to harden. At last, the
paper/plaster/clay was completely removed from the
hardened silicone. The gastroduodenal phantom was
divided into several portions according to the normal
human anatomy, including the lower part of the esopha-
gus, the gastric fundus, the gastric body, the gastric antrum,
the duodenum and the proximal portion of the jejunum.
The duodenum of the phantom was approximately 35 cm
in length and it was divided into four segments: the first
duodenal bulb portion segment, the second descending
portion segment, the third horizontal portion segment and
the forth ascending portion segment (Figs. 2A, B). The
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Fig. 1. The new balloon sheath.
A. The deflated balloon sheath. (a) the distal angulated part, (b)
the balloon part, (c) the straight part, and (d) the proximal
handling part.
B. The inflated balloon sheath and the three gold markers
(arrows) at each end of the balloon and at the tip of the balloon
sheath.
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gastroduodenal junction was angled at about 90° in a
posterior direction relative to the long axis of the gastric
antrum (Fig. 2B). The phantom gastroduodenal tract was
clearly visible under fluoroscopy.

Experiments

A 150 cm, 0.035-inch hydrophilic guide wire with an
angled tip (Radifocus, M-Terumo, Tokyo, Japan) and a
multifunctional coil catheter (S&G Biotech, Seoul, Korea)
were used in our phantom study. The multifunctional coil
catheter was designed to measure the length of the lesion
as well as to inject the contrast medium to opacify the area
of interest while the guide wire was in place (12, 13). We
used the multifunctional coil catheter in this study because
we have been using this catheter for interventional
procedures in the gastrointestinal tract since August 2000.

The balloon sheath experiments were classified into four
groups and the tests were repeated ten times in each
group. During each test, the coil catheter was advanced as
far as possible into the duodenum or jejunum of the gastro-
duodenal phantom. In group I, the coil catheter was
advanced only over the guide wire as far as possible into
the phantom (Fig. 3A). In group I, the coil catheter was
advanced over the guide wire as far as possible through the
deflated balloon sheath into the phantom to simulate the
sheath without the balloon (Fig. 3B). In group III and
group IV, the coil catheter was advanced as far as possible
over the guide wire through the inflated balloon sheath
into the phantom. Therefore, the inflated sheath balloon
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was placed in the gastric fundus in group IIl and it was
placed in the gastric body in group IV (Figs. 3C, D).
Because the distal angulated part of the balloon sheath
should be located proximal to the stricture area at the
gastroduodenal junction, the balloon part of the balloon
sheath could not be placed as far as in the gastric antrum.
The balloon was inflated with air by using a 50 cc syringe
until it impinged on the greater curvature. The balloon
diameter that was perpendicular to the long axis of the
sheath was 7 cm after injecting 50 cc of air.

The surface of the coil catheter was not lubricated with
any lubricant. In every test, the total procedure time lasted
for two minutes, and the position that was reached by the
tip of the coil catheter was recorded. The two-minute time
started with the insertion of the coil catheter in group I,
and the two-minute time started with insertion of the
balloon sheath in groups II - IV. All the tests were
performed by the two interventional radiologists. The tests
were performed for ten consecutive days, and each group
with each type of phantom was tested one time per day to
reduce the learning effects.

Statistical Analysis

The positions reached by the tip of the catheter were
numerically ordered; the first, second, third and fourth
segments, and the proximal portion of the jejunum were
encoded as 1—4 and 5, respectively. The Kruskal-Wallis
test was performed to evaluate if there were significant
differences among the four groups because the catheter tip

Fig. 2. Photograph of the silicone
phantom model without stricture and
filled with red ink.

A. Anteroposterior view.

B. Lateral view. The gastroduodenal
junction is angled about 90° in a
posterior direction to the long axis of the
gastric antrum. E = esophagus, F =
fundus, A = antrum, D1 = first segment of
duodenum, D2 = second segment of
duodenum, D3 = third segment of
duodenum, D4 = fourth segment of
duodenum, J = proximal portion of the
jejunum.
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position was treated as an ordinal variable. If the Kruskal- < 0.05 was considered statistically significant.

Wallis test showed a statistical difference, the Mann-

Whitney U test was used to compare groups IIl and IV to RESULTS

determine the best location of the inflated balloon between

the gastric body and fundus for the advancement of the The results are summarized in Table 1. Both researchers
catheter tip. Statistical analysis was performed using SPSS had better performances with both phantoms in order of
version 10.0 (SPSS, Chicago, IL, USA). A p value of group IV, III, Il and L. In group IV, both researchers

Table 1. The Results of the Four Phantom Study Groups

Group Devices Catheterized Segments Catheterized Segments
in Phantom without Stenosis in Phantom with Stenosis

Fali D1 D2 D3 D4 J Fal D1 D2 D3 D4 J

Researcher 1 Group | G.W.+ coll cath. 0 3 7 0 0 O 1 4 5 0 0 O
Group Il G.W.+ coll cath.+ deflated B.S. 0 o 0 8 2 O 0 0 3 6 1 0

Group Il G.W.+ coil cath.+ inflated B.S.(fundus) 0O 0O 0O 0 8 2 0 o o 2 7 1

Group IV G.W.+ coil cath.+ inflated B.S.(body) 0 o 0 O 1 9 0 o o o0 2 8

Researcher2  Group | G.W.+ coil cath. 0 4 6 0 0 O 3 3 4 0 0 O
Group Il G.W.+ coll cath.+ deflated B.S. 0 1 1 5 2 1 0 1 6 2 1 0

Group Il G.W.+ coil cath.+ inflated B.S.(fundus) 0O o 0 2 4 4 0 0o 2 1 4 3

Group IV G.W.+ coil cath.+ inflated B.S.(body) 0 o 0 0 3 7 0 o o o0 2 8

Note.— G.W. = guide wire, cath. = catheter, B.S. = balloon sheath, D1 = first segment of the duodenum, D2 = second segment of the
duodenum, D3 = third segment of the duodenum, D4 = fourth segment of the duodenum, J = the proximal portion of the jejunum

Fig. 3. Radiographies of a coil catheter
(arrowheads) being advanced over a
guide wire (arrows) into the gastroduode-
nal phantom with stricture in the four
groups.

A. Group |, without a balloon sheath.

B. Group I, through the deflated balloon
sheath.

C. Group lll, through the inflated balloon
sheath with the inflated balloon located in
the gastric fundus.

D. Group 1V, through the inflated balloon
sheath with the inflated balloon located in
the gastric body.
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advanced the tip of coil catheter through the fourth
segment of the duodenum in both phantoms. In group III,
each researcher advanced the tip of the coil catheter as far
as the fourth segment of the duodenum 10 and eight times,
respectively, in the phantoms without stricture, and eight
and seven times, respectively, in the phantoms with
stricture. In group II, each researcher succeeded in
catheterizing the fourth segment of the duodenum twice
and three times, respectively, in the phantoms without
stricture, and once and once, respectively, in the phantoms
with stricture. In group I, however, both researchers failed
to reach the third segment of the dueodenum in both
phantoms with the tip of the coil catheter. The overall
performance for the phantom with stricture was similar
with that for the phantom without stricture, although each
researcher failed to catheterize the stricture once and three
times, respectively.

Statistical analysis of the differences in the positions
reached by the tip of the catheter among the four groups in
each phantom showed a significant difference (Kruskal-
Wallis test, p < 0.001). When comparing the mean values
of the catheter tip advancement between groups III and IV
in each phantom, there were significantly higher mean
values for group IV than for group III (Mann-Whitney U
test, p < 0.001). The results showed that the tip of the coil
catheter could easily reach the proximal portion of the
jejunum when we worked through an inflated balloon
sheath, especially when the inflated balloon was placed in
the gastric body.

DISCUSSION

The newly designed balloon sheath was helpful to
negotiate a catheter and guide wire through the stomach
and into the duodenum or proximal jejunum. Negotiation
of the catheter and guide wire was best when the inflated
balloon sheath was placed in the gastric body. The distal
angulated part of the balloon sheath that was 8 cm in
length and it had a 100° angle that effectively allowed us
to direct the devices toward the pylorus because the
balloon, which was designed to point to the opposite side
of the angulated tip, could push the lower part of the
sheath toward the pyloric canal and against the greater
curvature of the stomach wall when the balloon was
inflated with air.

During gastrointestinal interventional procedures, one of
the most important steps for a successful procedure is to
pass a guide wire and a catheter through the gastric outlet
or through the duodenal obstructions (4, 10-11, 14-17).
However, when the strictures are severe, the gastric
contents may accumulate in the stomach and the gastric
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cavity becomes dilated and flaccid. When a guide wire and
a catheter cannot negotiate through the strictures, they are
readily curved in the dilated stomach. In order to
overcome this technical problem, various angiographic
catheters have been used in combination with a torque-
control guide wire to traverse the strictures. However,
some of the strictures cannot be passed with this technique.
The reported failure rate of fluoroscopically guided stent
placement for gastroduodenal strictures has been reported
to be between 1% and 5 %, even after additional
endoscopic assistance, and the average time needed for
fluoroscopically guided stent placement has been reported
to be from 36 to 45 minutes (1, 5, 17).

The newly designed balloon sheath seems to have
several advantages. First, as the outer diameter of the
balloon sheath (maximum outer diameter; 7.3 mm) is
smaller than that of the routine gastroduodenal endoscope
(outer diameter; 9.6 mm) (GIF 100; Olympus, Southend-
on-Sea, UK), the balloon sheath could be well tolerated
during the procedure. Meanwhile, the inner diameter of
the working channel of the same endoscope is 2.7 mm,
which is smaller than that of the balloon sheath (4.2 mm).
Second, the inflated supporting balloon can give extra-
stability to the tip of the balloon sheath in order to prevent
it from looping and moving backward in the stomach while
the guide wire, the catheter or the delivery system is
passing through. The ideal gastric sheath should have such
appropriate physical characteristics as suitable torque and
supportability. If the sheath is too rigid, it can injure the
mucosa of the upper digestive tract and the patients may
not be able to tolerate the device during the procedure.
Third, the balloon sheath can be easily inserted perorally
into the stomach, and it is effective in guiding the interven-
tional devices to the duodenum or jejunum.

We classified our phantom study into four groups. In
group I, while the coil catheter was advanced over a guide
wire into the duodenum, it usually looped along the wall of
the greater curvature and the gastric fundus, and so it
could not be advanced further. In group II, while the coil
catheter was advanced over a guide wire into the
duodenum through the deflated balloon sheath, the
devices could not be advanced further than the greater
curvature of the stomach wall. In group III and group IV,
while the coil catheter was advanced over a guide wire
into the distal duodenum or proximal jejunum through the
inflated balloon sheath, the inflated balloon gave extra-
stability against the wall of the gastric fundus or the gastric
body, so that the tip of the coil catheter could reach as far
as the proximal jejunum. When the inflated balloon was
placed in gastric body rather than being placed in the
gastric fundus, it was easier to advance the catheter as far
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as the proximal jejunum. We think that the balloon sheath
enables the devices to advance into the more distal areas
adjacent to the pylorus by changing the direction of the tip
of the devices more towards the gastroduodenal junction.

Although a gastroduodenal phantom was useful for
testing the newly designed balloon sheath, there were
some limitations for this study. First, the gastroduodenal
phantom model that we made out of silicone had no
elasticity like a human gastroduodenal wall. Second, the
model did not resemble a dilated stomach. It would have
been better to use an ideal model that mimicked the real
human gastroduodenum; however, it was difficult to make
a satisfactory gastroduodenal phantom model because
there is a lot of variability in curvature, size and shape of
the stomach. Third, we could not place the balloon part of
the balloon sheath in the gastric antrum because the
stricture was made at the gastroduodenal junction and the
distal angulated part had to be located proximal to the
stricture in this experiment. If we could have made the
stricture at the second or third segment of duodenum, we
could have compared the results according to the location
of inflated balloon between the gastric antrum and gastric
body.

In conclusion, the new balloon sheath displayed good
results in the gastroduodenal phantom study, especially
when the inflated balloon was placed in the gastric body.
The new balloon sheath seems to be feasible for use and it
has good clinical potential for fluoroscopically guided
gastrointestinal guidance and access.
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