ORIGINAL ARTICLE: Experimental Endoscopy

Comparative study of endoscopic clips: duration of attachment
at the site of clip application

Eun Ji Shin, MD, Chung-Wang Ko, MD, Priscilla Magno, MD, Samuel A. Giday, MD, John O. Clarke, MD,
Jonathan M. Buscaglia, MD, Gevorg Sedrakyan, MD, Sanjay B. Jagannath, MD, Anthony N. Kalloo, MD,
Sergey V. Kantsevoy, MD, PhD

Baltimore, Maryland, USA

Background: Several designs of endoscopic clips are now commercially available, and the indications for
endoclip application are rapidly expanding. However, very limited data have been published to aid in choosing
between the different types of endoclips.

Objective: To compare the duration of clip attachment between all commercially available endoclips.
Setting: Long-term experiments on 50-kg pigs under general anesthesia.

Design and Interventions: Upper endoscope was inserted into the stomach. One clip of each type (Resolu-
tion clip, TriClip, and HX-5L clip) was placed along the same gastric fold at a distance of 0.5 to 1 cm from each
other. The animals were recovered. In pig nos. 1 and 2, repeat endoscopy was performed after 2 and 4 weeks. In
pig nos. 3 to 5, endoscopy was repeated after 1, 2, and 5 weeks.

Main Outcome Measurements: Duration of clip retention at the site of application.

Results: In all animals, only the Resolution endoclip remained attached to the site of application for the entire
duration of the study (4-5 weeks). No TriClips or HX-5L clips were attached at the 4- to 5-week follow-up endos-
copies. Most of the TriClips (67%) detached within the first week after application. Most of the HX-5L clips (80%)
dislodged within the first 2 weeks of follow-up.

Limitations: The study was performed in a porcine model with a small number of animals.

Conclusions: The Resolution clip has the longest duration of retention at the site of application (more than 4-5
weeks) and should be preferred when long-term attachment of endoclips is necessary. (Gastrointest Endosc

2007;66:757-61.)

The metallic endoscopic clip was first described as
a therapeutic tool for hemostasis more than 30 years
ago.! Widespread use of endoscopic clips was initially hin-
dered by technical difficulties in deployment and low clip-
retention rates.>” Because of significant improvements in
the design of the endoscopic clips, they are now routinely
used for the treatment of nonvariceal GI bleeding.*™*

Several reports of nonhemostatic applications of en-
doscopic clips have been published, including closing
mucosal defects and perforations,” ' managing anasto-
motic leaks,'! placing enteral feeding tubes,** anchor-
ing esophageal endoprosthesis,15’16 and marking tumors
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examinations.”!

Currently, there are several designs of endoscopic clips
commercially available for use in human beings. Given the
increased spectrum of therapeutic uses for endoscopic
clips, different types of endoclips may offer advantages for
specific uses. However, there are very limited data pub-
lished to aid in the decision process in choosing among
the available endoscopic clips. There are only 2 studies, pre-
sented in an abstract form, that compared different
endoscopic clips for treatment of nonvariceal GI bleed-
2223 and 1 recent study compared the “hemodynamic
efficacy” of the clips from Olympus Optical Co, Ltd, Tokyo,
Japan, and from Cook Endoscopy, Winston-Salem, NC, on
anisolated stomach model.>* There are currently no studies
published as full-length, peer-reviewed manuscripts that
compared the use of available endoscopic clips for any
other indications.

radiation therapy, and endoscopic
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Figure 1. At the initial endoscopy, the 3 different endoclips are placed at
the same gastric fold.

The duration of attachment of endoscopic clips at the
site of its application is especially important when the
clips are used to mark GI tumors to guide future surgery
and radiation therapy, or when they are used to anchor
endoprostheses and enteral feeding tubes. The aim of
our study was to compare the duration of endoclip attach-
ment for all commercially available endoscopic clips (from
Cook, Olympus, and Microvasive Endoscopy, Boston Sci-
entific Corp, Natick, Mass) in long-term survival animal
experiments.

MATERIALS AND METHODS

The study was approved by the Johns Hopkins Univer-
sity School of Medicine Animal Care Institutional Review
Board. All experiments were performed on 50-kg pigs
(Sus scrofus domesticus). Five consecutive 50-kg pigs un-
derwent upper endoscopy with placement of endoscopic
clips. All the pigs were then kept alive for 4 to 5 weeks.

The pigs were fed six 0.5 L (16-ounce) cans of Ensure
(Abbott Laboratories, North Chicago, Ill) for 2 days and
then were food deprived overnight before the endoscopic
examination. Preanesthesia medication, which consisted
of intramuscular injection of 100 mg/mL Telazol (tilet-
amine HCl + zolazepam HCI; Lederle Parenterals, Inc,
Carolina, Puerto Rico) reconstituted with 100 mg/mL
ketamine HCl and 100 mg/mL xylazine, at a total dose of
approximately 0.05 mL/kg, was administered, and an intra-
venous (IV) line was placed in the marginal ear vein, with
an infusion of 1 g thiopental sodium at a dose of 6.6 to 8.8
mg/kg IV. Normal saline solution was given by IV to replace
fluid loss during the procedure. With the pig under gen-
eral anesthesia with 1.5% to 2% isoflurane and 7.0-mm en-
dotracheal intubation (Mallinckrodt Co, C. D. Juarez,
Chihuahua, Mexico), an adult forward-viewing, double-
channel endoscope (GIF-2T160; Olympus) was advanced
into the esophagus and the stomach.

Capsule Summary
What is already known on this topic

e Given the spectrum of their therapeutic uses, various
types of endoscopic clips may offer advantages for
specific uses.

What this study adds to our knowledge

¢ In a study that compared the retention rates of
Microvasive Endoscopy Resolution clips, Cook Endoscopy
TriClips, and Olympus HX-5L endoscopic clips in 5 pigs,
the Resolution clips were retained longest at the gastric
fold.

The 3 endoscopic clips used during our experiments
were the Resolution Clip (Microvasive), the TriClip
(Cook Endoscopy), and the HX-5L clip (Olympus). One
clip of each type was placed along the same fold in the
stomach at a distance of 0.5 to 1 cm from each other
(Fig. 1).

At the conclusion of the endoscopic examination, the
pigs were extubated and recovered from general anesthe-
sia within 2 to 4 hours. The pigs were evaluated daily, and
oral feedings with standard chow were resumed on post-
operative day 1. In pig nos. 1 and 2, a repeat endoscopy
was performed after a 2-week and a 4-week follow-up to
evaluate the retention of the endoscopic clips. In pig
nos. 3, 4, and 5, a repeat endoscopy was performed at
1-, 2-, and S-week intervals. After the final endoscopy,
the animals were euthanized, and postmortem examina-
tions were performed with particular attention to the sites
of endoclip application.

RESULTS

In pig nos. 1 and 2, only the Resolution endoclip re-
mained attached to the site of the application at the 2-
and 4-week follow-up endoscopies. In pig no. 3, both
the Resolution clip and the HX-5L clip remained attached
at 1- and 2-week follow-ups. However, at the 5-week
follow-up, only the Resolution clip was still attached to
the gastric fold. In pig no. 4, 2 of the clips (Resolution
clip and HX-5L clip) were visualized at the 1-week follow-
up (Fig. 2), but at the 2- and 5-week follow-ups, only the
Resolution clip remained (Figs. 3 and 4). In pig no. 5, all
3 endoclips were seen attached to the gastric wall at the
1-week follow-up. By the 2-week follow-up, only the Reso-
lution clip remained at the site of application, and it was
still attached to the gastric fold at the 5-week follow-up.

In a summary (Table 1), only the Resolution endoclip
remained attached to the site of application for the entire
duration of the study (4-5 weeks). Most of the TriClips
(67%) were detached within the first week after
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Figure 2. At the 1-week follow-up endoscopy, only 2 of the endoclips
(HX-5L and Resolution) were still attached.

Figure 3. At the 2-week follow-up endoscopy both the Triclip and the
HX-5L clips had already detached, with only the Resolution clip still
attached.

application, and all were lost within the first 2 weeks of
observation. Most of the HX-5L clips (80%) were detached
within the first 2 weeks after application.

There were no major complications from the retained
or the detached metallic endoscopic clips. Postmortem ex-
aminations did not reveal any local tissue damage at the
sites of endoscopic clips application.

DISCUSSION

With the expansion of potential therapeutic uses for en-
doscopic clips, each of the available endoclip designs may
offer specific advantages for particular uses. Unfortunately,
there is currently a dearth of published data to aid in
making an informed choice among the commercially avail-
able endoclips. Endoscopic clips used for hemostasis were

A 4

Figure 4. At the S-week follow-up endoscopy, the Resolution clip is still
attached.

TABLE 1. Clips retained at follow-up endoscopy

Clips still attached during
follow-up endoscopy

1 wk 2 wk 4-5 wk
Type of clip (n = 3) (n =5) (n =5)
Triclip 1 0 0
HX-5L 3 1 0
Resolution 3 5 5

n, Number of pigs.

previously reported to dislodge spontaneously 1 to 3
weeks after placement,’ although there is a case report
of a clip (HX-3L; Olympus) used for marking that remained
at the site of its application for up to 26 months.?! Another
report where endoscopic clips (HX-3/4; Olympus) were
used for tumor marking before radiation therapy demon-
strated that the clips were no longer detectable by chest ra-
diograph approximately 1 month after placement.*”

Recently, there were 2 abstracts presented at Digestive
Disease Week 2005 that compared retention rates of the 3
different endoscopic clips used for hemostasis of bleeding
gastric ulcers in dogs at weeks 1 and 2.%** The Resolution
clip was retained more frequently than the Olympus clip,
which in turn was retained better than the Triclip at both
the 1- and 2-week follow-up.?***> Another recent study was
performed on isolated stomachs (Erlangen Active Simula-
tor for Interventional Endoscopy training model), and
there was no significant difference between the Olympus
and the Cook endoclips with respect to their ‘“hemostatic
efficacy.”**

We performed a series of long-term survival experi-
ments on a porcine model to compare the retention
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rate at the site of application of the 3 different designs of
endoscopic clips currently available for clinical use: Reso-
lution clip, TriClip, and the HX-5L clip. In our study, the
Resolution clip consistently remained attached at the
site of its application for a longer period of time than
both the HX-5L clip and the TriClip. The Resolution clip
was the only endoscopic clip that remained attached to
the site of its application for the entire duration of the ex-
periments (4-5 weeks). The Triclip had already detached
and was lost after 1 week of observation in the majority
of the animals (67%), and was detached and lost in all an-
imals after 2 weeks of observation. The HX-5L clip did not
last significantly longer than the Cook clip: most Olympus
clips (80%) were detached and lost after the first 2 weeks
of observation, and all Olympus clips were lost before the
end of the observation period (4-5 weeks).

The longer retention of the Resolution clip has poten-
tial benefits for many clinical indications. For example, in
patients with esophageal cancer, the standard practice is
to extend the radiation field at least 5 cm above and below
the gross tumor borders to include adjacent lymph no-
des.”> With the need for clear delineation of tumor mar-
gins before radiation therapy to maximize therapeutic
benefits and to decrease toxicity and adverse effects, accu-
rate and long-lasting placement of metallic radiopaque
endoscopic clip appears to be an attractive method for tu-
mor marking, even if mucosal changes related to radiation
therapy could potentially lead to clip dislodgement. A re-
cent study reported that all 7 patients with esophageal
cancer who had endoscopic clips placed for tumor mark-
ing before radiation therapy had the field of radiation
changed when compared with the original measurements
determined by the conventional practice.'” Given that the
typical duration of external-beam radiation therapy for
esophageal cancer is between 4 and 6 weeks,”**® the lon-
ger retention rate period of the Resolution clip will have
obvious clinical benefits.

The longer retention rate of an endoscopic clip may
also be used in anchoring esophageal endoprostheses, es-
pecially in those patients with cancer of the distal esoph-
agus and the cardia.">'® The most common complications
associated with the placement of a self-expanding metal
esophageal stent in malignant dysphagia are tumor in-
growth and stent migration.”” To decrease the possibility
of tumor ingrowth through the wire mesh, covered stents
were introduced.’®?! However, the covered stents have an
increased risk of stent migration, especially when placed
in tumors at or near the gastroesophageal junction, with
migration rates as high as 27%.'®3% It has also been noted
that the majority of stent migration occurred within
a month of placement.>® Anchoring a self-expanding
esophageal stent with an endoclip for at least 1 month
can potentially prevent stent migration.ls’m Our study
demonstrated that, of all commercially available endo-
scopic clips, only the Resolution clip remained consis-
tently attached at the site of application for 4 to 5 weeks.

The main limitation of our study is that it was per-
formed on a porcine model with a relatively small number
of animals. But, despite the small sample size, we had very
consistent results that proved dislodgement of HX-SL clips
and the TriClips in all animals within the first 2 weeks after
application and demonstrated that the Resolution clip
should be preferred when long-term attachment of the
endoclips is necessary. Further clinical studies are cur-
rently planned to evaluate the duration of attachment of
different endoclips in humans.

In conclusion, our long-term survival animal experi-
ments demonstrated that Resolution clip had the longest
duration of retention at the site of application (more than
4-5 weeks). This clip should be preferred when long-term
attachment of endoclips is necessary, as is the case with
tumor marking for future radiation therapy and when an-
choring feeding tubes or self-expanding stents.
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