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Abstract

Advanced endoscopic therapeutic techniques, such as endoscopic mucosal resection,
endoscopic submucosal dissection, and third-space endoscopy, have transformed digestive
endoscopy into a minimally invasive surgical platform. This transformation, nonetheless,
poses a major challenge, namely the safe and efficient closure of the postoperative
gastrointestinal (GI) defects that arise, as inadequately closed defects may lead to serious
postoperative complications. This review provides a comprehensive overview of the
historical background, the basic principles of closure, and the technical changes of the
mainstream devices used for closure of GI defects, viewed mostly from the perspective
of medical devices and engineering design. We have divided the most significant closure
devices currently in use into endoscopic clipping devices and endoscopic suturing devices,
and we have outlined their respective historical development and working principles. In
addition, this review has identified and explained advanced clip-based closure methods
that employ multiple through-the-scope clips (TTSCs) or are combined with auxiliary
devices to overcome the inherent limitations of single-TTSC use. This review aims to
provide endoscopists with a deeper understanding of the existing closure devices so as to
facilitate their optimal clinical use, and to offer insights that may help in the development
of next-generation closure technologies.

Keywords: Endoscopy, Postoperative defects, Through-the-scope clip, Over-the-scope
clip, Endoscopic suturing device

Highlights

e Current innovation in gastrointestinal defect management falls into two main categories: clip-based mechanical compression de-
vices and advanced high-precision endoscopic suturing systems.

¢ Through-the-scope clips combined with auxiliary devices offer a strategic solution to overcome the size limitations inherent to
single-device closure strategies for larger or complex defects.

e Future technological development should focus on enhancing reliability, operability, cost-effectiveness, and overall user-friendli-
ness of advanced endoscopic closure devices to broaden their clinical applicability.

1 INTRODUCTION

tic devices to treat a variety of gastrointestinal (GI) disorders
[1]. The emergence of techniques like endoscopic mucosal

Digestive endoscopy has evolved beyond tissue sampling and resection (EMR) and endoscopic submucosal dissection (ESD)
excision to become a surgical platform for delivering therapeu- has made the resection of early GI tumors possible [2, 3]. The
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Figure 1. Different types of through-the-scope endoscopic clips. (A) Resolution 360 (Boston Scientific); (B) Instinct Plus (Cook Medical); (C)
EZ Clip (Olympus); (D) SureClip (Micro-Tech); (E) DuraClip (ConMed). This figure is cited from [136].

popularization of endoscopic full-thickness resection (EFTR)
and of third-space endoscopy techniques such as peroral endo-
scopic myotomy, have established digestive endoscopy as a
natural orifice transluminal endoscopic surgery platform [4-6].

While these advanced techniques offer immense clinical bene-
fits, a significant challenge arises: the management of compli-
cated postprocedural defects [7-9]. Endoscopic resection pro-
cedures inevitably create large, deep, or even full-thickness
defects [10, 11]. Postoperative defects, especially iatrogenic
endoscopic perforations, can lead to extremely severe compli-
cations [11, 12]. Therefore, the timely closure of defects can
effectively reduce postoperative adverse events [13, 14].
Traditional closure devices are often insufficient for complex
defects. To meet these challenges, endoscopic closure devices
and related technologies have evolved in parallel with advance-
ments in endoscopic surgery [15]. The endoscopist’s armamen-
tarium has expanded from the early through-the-scope clips
(TTSCs) for closing small defects, to over-the-scope clips
(OTSCs) with greater closure strength, and subsequently to
endoscopic suturing devices capable of achieving “surgical-
style” closure.

To date, many reviews have introduced commercially available
closure devices from a clinical perspective, providing strate-
gies for device selection based on different types of GI defects
[16-20]. This review, however, focuses on the development pro-
cess and working principles of closure devices. It reviews the
closure principles and development history of endoscopic clip-
ping devices and endoscopic suturing devices, and also intro-
duces advanced clip-based closure methods that combine
TTSCs with auxiliary devices. This review aims not only to
guide endoscopists in the rational selection and utilization of
their armamentarium but also to provide insights for both clini-
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cians and engineers to develop next-generation closure devices
and methods based on current instrumentation.

2 ENDOSCOPIC CLIPPING DEVICES
2.1 TTSCs

Since their first report by Hayashi et al. in 1975, TTSCs have
evolved for approximately 50 years [21]. As indications have
continuously expanded, TTSCs are now the most common and
widely used closure devices in diagnostic and therapeutic
digestive endoscopy (Figure 1) [22]. A regular TTSC compris-
es three key components: a metallic clip for tissue approxima-
tion, a delivery catheter based on tendon-sheath transmission,
and an operating handle to control clip deployment [23, 24]. All
TTSCs are passed through the instrument channel and exit at
the distal end of the endoscope to reach the target lesion.

The basic working principle of TTSCs is to compress tissue by
using the mechanical force generated upon closure, thereby
achieving hemostasis or the approximation of defect edges.
Different brands and models of TTSCs possess specific geo-
metrical parameters, physical properties, or additional features,
such as rotatability, compression strength, and compatibility
with magnetic resonance imaging (Table 1) [25, 26].

Early applications of TTSCs demonstrated favorable therapeu-
tic results, but a series of limitations hindered their clinical
adoption, such as cumbersome manipulation, low clip-reten-
tion rate, and the inability to rotate the clip to the designated
axial direction [27-29]. In the 1990s, Hachisu et al., in col-
laboration with Olympus (Tokyo, Japan), developed a proto-
type and a clinical model of the rotatable TTSC, which
improved the device’s maneuverability [30]. In the 21st
century, TTSC development has concentrated on integrating
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Table 1. Specifications and characteristics of currently available TTSCs

Minimum com-

. Maximum . Delivery .
Product name  Manufacturer patible instru- opening Working length MR status system Repe.a ted Rotatl.o n al
ment channel . (mm) opening capability
. width (mm) type
diameter (mm)

QuickClip Pro Olympus 2.8 11 1,650 (Upper GI), MR conditional Disposable Yes Yes
(Tokyo, Japan) 2,300 (Lower GI)

Instinct Plus Cook Medical 2.8 16 2,300 MR conditional Disposable Yes Yes
(NC, USA)

Resolution 360  Boston Scientific 2.8 11 1,550 MR conditional Disposable Yes Yes
(Massachusetts, USA) 2,350

SureClip Micro-Tech 2.8 8,11, 16,17 2,350 MR conditional Disposable Yes Yes
(Nanjing, China)

Lockado Micro-Tech 2.8 11, 16, 22 2,350 MR conditional Disposable Yes Yes
(Nanjing, China)

DuraClip ConMed (NY, USA) 2.8 11, 16 2,350 MR conditional Disposable Yes Yes

EZ Clip Olympus 2.8 7,9.5, 11 1,650 MR conditional Reusable No Yes
(Tokyo, Japan) 2,300

MANTIS Boston Scientific 2.8 11 2,350 MR conditional Disposable Yes Yes
(Massachusetts, USA)

Dual action tissue Micro-Tech 32 15 1,650 MR conditional Disposable Yes Yes
(Nanjing, China) 1,950

2,350

Note: TTSC, through-the-scope clip; MR, magnetic resonance; GI, gastrointestinal.

enhanced functional characteristics, including pre-loading,
rotatability, re-opening capability, and reliable deployment
[31]. Representative examples include the QuickClip series
(Olympus, Tokyo, Japan), the Resolution Clip (Boston
Scientific, Massachusetts, USA), the Instinct Clip (Cook
Medical, NC, USA), and the SureClip (Micro-Tech, Nanjing,
China) [25, 32, 33].

Most TTSCs consist of two prongs, whereas in 2003 Cook
Medical (Winston-Salem, NC, USA) introduced the three-
pronged TriClip, designed to more easily grasp protruding
lesions and potentially reduce the number of clips used [34].
However, due to its higher cost and reportedly inferior hemo-
static effect compared to regular TTSCs, two-pronged TTSCs
remain the preferred choice [35].

Although the clip components themselves are typically dispos-
able, TTSC systems can be categorized based on the reusability
of the delivery system into single-use disposable systems and
reusable systems with a reloadable applicator. Common reus-
able TTSCs include the EZ Clip (Olympus Medical Systems
Corp., Tokyo, Japan) and the ZEOCLIP (Zeon Medical, Tokyo,
Japan). The EZ Clip was one of the earliest reloadable, rotat-
able TTSCs, while the ZEOCLIP reportedly achieves a larger
opening width faster and easier than the EZ Clip [36].
Furthermore, the ZEOCLIP can be modified into a fluorescent
marking clip for tumor localization [37]. The recently reported
re-openable SB clip (Sumitomo Bakelite Co., Ltd., Tokyo,
Japan) also belongs to the category of reusable TTSCs [38]. Its
deployment, rotation, and price are comparable to the EZ Clip,
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and it can close large mucosal defects via hold-and-drag clo-
sure [39].

The above-mentioned TTSC systems, whether disposable or
reloadable, typically deploy only one clip before the catheter
must be reloaded or replaced. In contrast, multi-firing TTSCs
are less common, such as the InScope Multi-Clip Applier
(Ethicon Endo-Surgery, Cincinnati, Ohio, USA) and the
Clipmaster3 (Medwork, GmbH, Aisch, Germany) [40, 41].
These devices make it possible to insert multiple clips during
one single operation, and thus a withdrawal and reload are not
necessary for every clip [40, 41]. However, a related article
reported that multi-firing TTSCs might not actually shorten the
time of the procedure, probably due to the limited experience,
and their effectiveness still needs to be confirmed by more clin-
ical trials [41].

Regular TTSCs are known for their cost-efficiency, ease of
operation, and minimal limitations on the maneuverability of
the endoscope [42]. Their opening width and closure strength,
however, are limited, so they are mainly used for closing small
luminal defects [43, 44]. In general, it is advisable to use
advanced clip-based methods combined with other devices for
defects larger than 10 mm [15, 45].

Currently, TTSCs are designed with several sophisticated
mechanical and functional features. For example, the through-
the-scope twin clip, made by Micro-Tech (Nanjing, China),
comprises two pairs of prongs which can be independently
opened and closed (Figure 2) [46]. Each prong can individually
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Figure 2. Photograph of the through-the-scope twin clip with an
enlarged view of its distal end. This figure is cited from [47].

hold one side of the defect, and thus the area of large defects
is effectively reduced and final closure becomes easier [47].
Another notable innovation is the MANTIS Clip (Boston
Scientific, Marlborough, MA, USA), specifically designed for
the hold-and-drag closure technique [48]. The clip features a
mantis-like claw design to enable not only secure tissue
engagement but also retraction [48]. The MANTIS Clip, as
opposed to regular TTSCs, facilitates full-thickness closure,
shortens closure time, and increases post-closure strength,
while minimizing the created submucosal dead space [49].
Relevant studies even suggest that its closure strength is bet-
ter than that of OTSCs in the management of 30 mm perfora-
tions [42].

2.2 OTSCs

Due to the size restrictions imposed by the endoscopic instru-
ment channel diameter and the mechanical structure of TTSCs,
as well as their inability to achieve full thickness closure, the
limited closure strength of TTSCs remains a challenge. The-
oretically, closure effectiveness can be improved by increasing
the number of deployed TTSCs, but this method will corre-
spondingly increase the cost of defect closure, especially since
TTSCs may fail during anchoring or misfire [50]. In an effort
to eliminate the limit of TTSCs, OTSCs were subsequently
developed, and the first clinical application was reported in
2007 [51].

As an over-the-scope technique, OTSC systems do not pass
through the instrument channel but are mounted on the outer
side of the endoscopic distal end before insertion. Because of
the shape memory properties of the material, the OTSC, which
is usually made of nitinol, is held in an open configuration
before release; after deployment, it returns to its original closed
shape, thus providing continuous mechanical closure force,
comparable to that of manual surgical suturing [52-54].
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Figure 3. Ovesco OTSC (left) and the Padlock clip (right) in their
deployed configurations. This figure is cited from [137]. OTSC,
over-the-scope clip.

The principle for defect closure across the most common com-
mercially available OTSC systems, such as the OTSC System
(Ovesco Endoscopy AG, Tuebingen, Germany) and the Padlock
Clip System (Aponos Medical Co., Kingston, NH, USA),
remains consistent: the edges of the defect are drawn into an
application cap, where the tissue is compressed, achieving
complete defect closure with the OTSC (Figure 3) [51, 55]. In
terms of structural design, the Ovesco OTSC includes teeth
similar to a bear claw, thus achieving strong tissue approxima-
tion [56]. In addition, the Ovesco OTSC has three different
tooth geometries (type a, t, gc) with different uses: type a with
blunt teeth for compression, type t with sharp teeth for com-
pression and anchoring, and type gc for gastric wall closure
(Figure 4) [57, 58]. In contrast, the Padlock Clip has a different
structure that, upon release, creates a hexagonal ring, thereby
providing 360-degree radial puncture force to the tissue
through six inner needles pointing toward the center [59].
Furthermore, the tips are equipped with tissue controllers so
that the depth of the puncture is not excessive, and the space
between the needles allows blood to flow into the tissue, thus
accelerating the healing process [59].

As for the mounting procedure, the preparation of OTSC sys-
tems is more complicated than that of TTSCs, as it requires
assembling the components outside the body before insertion.
For both OTSC systems, the components are fitted onto the
endoscopic distal end by means of an application cap [55, 60].
However, there is a difference in the release mechanism
between these two systems: the Ovesco OTSC’s trigger wire is
located inside the instrument channel and is activated by a
hand wheel installed on the endoscopic grip section (Figure
5), whereas the Padlock Clip’s trigger wire is external to the
endoscope and is released by the push-button Lock-It delivery
system (Aponos Medical, Kingston, NH, United States)
(Figure 6) [55, 59, 60].

After the installation of the OTSC system on the endoscope,
the device is moved to the site of the defect. At the target defect,
the edges of the lesion are drawn into the distal application cap
either by suction or with the help of suitable auxiliary devices
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Figure 4. OTSC clip types. (A) Type a (atraumatic); (B) Type t (traumatic); (C) Type gc (gastric closure). This figure is cited from [58].

Figure 5. Ovesco OTSC loaded on a therapeutic upper endoscope.
The distal end of the endoscope is attached to an application cap load-
ed with the OTSC, and the grip section is fitted with the hand wheel.
This figure is cited from [138].

[57]. Subsequently, the endoscopist deploys the OTSC from
the application cap by activating the specific trigger mecha-
nism, rotating the hand wheel for the Ovesco OTSC or press-
ing the button on the Lock-It delivery system for the Padlock
Clip, thereby compressing the tissue and achieving complete
defect closure [57, 61].

Successful OTSC closure is predicated on the effective and
secure capture of the target lesion into the application cap.
Therefore, choosing an optimal tissue approximation strategy
is crucial and requires consideration of the defect size, the
duration since onset, and the specific clinical indication [62].
Common approximation methods include simple suction, twin-
grasper assistance, and anchor assistance [62-64]. Simple suc-
tion offers clear advantages including convenience, rapid appli-
cation, and low cost. However, its maximum size limit for com-
plete closure is typically no more than 10 mm, and it may some-
times result in failure to achieve full-thickness closure [62].
Twin-grasper assistance and anchor assistance require spe-
cific auxiliary instruments and are typically used for large or
full-thickness defects [63, 65]. While twin-grasper assistance
exhibits limitations when managing large, fibrotic defects,
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Figure 6. The Lock-It delivery system. The system consists of an
application cap at the distal end of the endoscope and a trigger wire
(parallel to the scope) that connects to a handle. This figure is cited
from [139].

anchor assistance proves highly effective for capturing fibrotic
or indurated tissue [64, 66].

Compared to TTSCs, OTSCs provide a more durable and force-
ful full-thickness closure. OTSCs are a safe and effective treat-
ment method for refractory GI conditions such as perforations,
leaks, severe acute GI bleeding, and recurrent ulcer bleeding
[53, 55, 66-68]. However, OTSCs are more expensive than reg-
ular TTSCs, have a lower margin for error (allowing only one
attempt), are difficult and costly to remove, and are less adapt-
able for very large defects, despite their efficacy for small- to
medium-sized perforations [8, 42].

3 ENDOSCOPIC SUTURING DEVICES
3.1 Through-the-scope suturing devices

Due to the diameter constraints of the endoscopic instrument
channel, the size of through-the-scope suturing devices is lim-
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Figure 7. The SutuArt through-the-scope endoscopic needle hold-
er. This figure is cited from [140].

ited, making it difficult to achieve continuous suturing with
complex mechanical structures. Thus, early devices primarily
utilized a hollow needle and T-tag to achieve tissue approxi-
mation rather than double full-thickness surgical closure [69-
71]. When utilizing a single-channel endoscope, the suturing
system typically comprised a semiflexible hollow needle cath-
eter, two metal T-tags attached to a polypropylene thread
placed inside the hollow needle, and a thread-locking device
to eliminate the need for traditional knot tying, enabling the
successful closure of full-thickness defects after EFTR [69].
Alternatively, when a double-channel endoscope is employed,
the suturing system could consist of two flexible hollow needle
catheters and three T-tags interconnected by a Y-shaped thread
[70]. Both hollow needles were used to traverse the tissue on
the two opposite sides of the defect and to deploy the corre-
sponding T-tags [72]. Subsequently, the proximal movable
T-tag is pushed along the Y-shaped thread by the outer sheath
that is advanced to close the defect margins for final closure
[72]. Although the first device models had relatively simple
mechanical structures, they were conceptually limited to per-
forming interrupted rather than continuous suturing. Fur-
thermore, they lacked robust clinical data that could confirm
their stability and safety.
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In an effort to achieve continuous suturing endoscopically,
endoscopists tried to adapt the needle-and-thread suturing
method of traditional surgery for use in flexible endoscopy. In
2014, Goto et al. were the first to report the utilization of the
SutuArt (Olympus Medical Systems Corp, Tokyo, Japan) pro-
totype and a semicircular needle attached to an absorbable
barbed suture for endoscopic hand suturing (EHS), verifying
the method’s feasibility and effectiveness in ex vivo experi-
ments [73]. SutuArt is a through-the-scope, flexible, and rotat-
able needle driver. The handle of the SutuArt controls the
opening and closing of the distal jaws, which are used for a
stable needle grasp, and also has a locking mechanism (Figure
7) [73].

EHS is capable of securing defect closure with high safety and
strength. Therefore, it is a suitable candidate for large defects
(measuring 20 mm to 30 mm or more) at various locations and
depths. Consequently, it shows enormous potential in the field
of advanced gastrointestinal endoscopic surgery [15, 74, 75].
However, the dissemination of this technique is limited by sev-
eral practical problems, most prominently, the prolonged time
required for the procedure and the technical complexity of
EHS, which together necessitate a high degree of operator skill
and a long period of training [74, 76, 77].

Recent advancements in endoscopic technology have given rise
to new through-the-scope suturing devices. One of these inno-
vations is the X-Tack (Apollo Endosurgery, Inc, Austin, Tex,
USA), a through-the-scope continuous suturing device de-
signed for efficient and secure closure of large or irregularly
shaped GI defects (Figure 8) [78, 79]. The main parts of the
X-Tack system comprise an applicator that converts the linear
motion of the handle slider into rotational motion, four 5-mm-
long surgical steel laser-cut helix tacks connected to the suture,
and a cinch device used to tighten and secure the suture [80].

During the procedure, the endoscopist uses the preloaded
applicator to rotate and anchor the first helix tack into the tissue
at the defect margin, thereby securing the initial end of the
suture. The applicator catheter is then withdrawn and reloaded
externally with the subsequent helical tacks, and the anchoring
process is repeated at the defect edges. The subsequent helix
tacks are preloaded on the suture and can slide along it.
Therefore, a final cinch device is used to tighten the suture,
thereby approximating the anchored helix tacks and achieving
defect closure. After securing the other end of the suture with a
T-tag deployed from the cinch device, the entire closure con-
struct is stabilized, thus preventing re-opening and ensuring
efficient and reliable closure [79].

Similar to EHS, X-Tack has been reported to have a high rate of
clinical success [81]. However, as reported in a related study,
several technical limitations may restrict its overall effective-
ness [42]. For instance, difficulty in achieving full-thickness
suturing results in a closure strength that is lower than that of
TTSCs.
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Figure 8. X-Tack suturing device. (A) X-Tack handle; (B) Pre-loaded helix tack. This
figure is cited from [141].

Figure 9. The eagle claw endoscopic suturing device. (A) Biological inspiration:
curved talons; (B) Distal working end of the eagle claw device; (C) The complete sys-
tem. This figure is cited from [141].

Lietal.

transparent acrylic glass [82]. This suturing
device is quite cumbersome and is fixed at the
distal end of a double-channel endoscope. The
tissue was drawn into the device’s chamber by
the vacuum. Then a suture-loaded needle and a
flexible control cable for the catch mechanism
were carefully guided through the two instru-
ment channels to perform the tissue approxima-
tion [82, 83].

In 1994, Swain et al. reported a tag-based sutur-
ing device used for fixing biosensors to the GI
tract wall [84]. The two most significant features
of this device were a specially designed tag and
a hollow needle. In 1996, Kadirkamanathan et
al. further developed a new endoscopic suturing
device based on this principle for anti-reflux
gastroplasty procedures [85]. This device con-
nected the T-tag to a nylon thread which, af-
ter deployment from the hollow needle, was
received by a dedicated reception chamber,
thereby facilitating the continuation of the sutur-
ing process following external reloading [85].
Although the above devices were not developed
with the direct purpose of suturing GI tract
defects, the mechanical structures, suturing
methods, and knot-tying techniques proposed
during their development provided a reference
for the research and development of future over-
the-scope suturing devices.

Thereafter, the Apollo Group and Olympus
Corporation designed prototype suturing devic-
es that could be visualized endoscopically, the
Eagle Claw series (Figure 9) [86]. Comprising
a curved needle and opposable jaws, the devices
were mounted on the exterior of the endoscopic
distal end. The needle-tip of Eagle Claw II was
non-detachable and had a hole for the thread to
pass through. When the jaws closed, the tissue
was punctured, and the thread passed through
the tissue with the needle. A retrieval hook then
retrieved one side of the suture through an extra
channel provided by the device. After extracor-
poreal knotting, the knot was advanced back
into the body using a second endoscope fitted
with a knot-pushing cap [87]. The Eagle Claw V
improved upon the previous generation by add-
ing a detachable needle-tip with a thread and a
catching cartridge attached to the other end of

3.2 Over-the-scope suturing devices the suture, thereby avoiding extracorporeal knots [86]. When

the detachable needle-tip, carrying the suture thread, punc-
As carly as 1986, Swain et al. had already reported a chain- tured the tissue, it was captured by a catching cartridge [88].
stitch suturing machine that was primarily made of rod-shaped Subsequent iterations of the device retained the basic mecha-
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Figure 10. Double-channel OverStitch suturing device with a tissue-capturing he-
lix. (A) The needle driver handle mounted on the endoscope; (B) The Endcap mounted

on the endoscopic distal end. This figure is cited from [141].

™ [ OverStitch Sx 1 OverStitch TM

Figure 11. Comparison of the OverStitch Sx and OverStitch endoscopic suturing

systems. This figure is cited from [142].

nism and principle of the Eagle Claw V, featuring no significant
alterations, and its feasibility and efficacy for hemostasis and
gastrotomy closure were validated in a porcine gastric model
[89, 90].

Building upon the Eagle Claw, the OverStitch (Apollo
Endosurgery, Inc, Austin, Tex, USA) received Food and Drug
Administration approval in 2008 after years of development
[91]. The OverStitch is capable of safely and reliably achieving
continuous suturing of the GI tract, enabling its use for endo-
scopic sleeve gastroplasty, full-thickness GI wall suturing, clo-
sure of post-ESD/EMR defects, management of fistulas or
leaks, stent fixation, and various other indications [92-95]. It
has become one of the most widely used over-the-scope sutur-
ing devices [96]. In contrast to its predecessors, the Eagle Claw
series, OverStitch is a cap-based device, and is therefore more
compact and maneuverable (Figure 10) [97]. This design elim-
inates the need for the large external catheter assembly
attached to the outside of the endoscope body, thereby maxi-
mizing the inherent endoscopic flexibility [97]. However, its

https://doi.org/10.61189/030332bzapdu
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first and second iterations were only compatible
with specific double-channel Olympus endo-
scopes, which consequently impeded its wide-
spread clinical adoption [98].

The continuous suturing mechanism of the
OversStitch is engineered to emulate the opera-
tional mechanism of conventional manual sutur-
ing techniques for endoscopic application [91,
97]. The process begins as the unloaded needle
driver closes and securely docks with the anchor
exchange catheter within the instrument chan-
nel. The needle driver then reopens to retrieve
the suture-attached anchor, thereby forming
the functional operating unit. Following anchor
retrieval, a helix device is deployed via the
secondary instrument channel to capture and
- | retract full-thickness tissue into the device’s
jaw. Subsequently, closure of the needle driver
advances the anchor to puncture and traverse
the captured tissue. Upon full traversal, the
deployed anchor is captured by the anchor
exchange catheter, which simultaneously facili-
tates its separation from the needle driver, con-
cluding the successful double full-thickness
passage of the suture thread. Thereafter, the
needle driver is reopened, and the suture thread,
having passed through the tissue, is returned
to the instrument channel, completing a single
stitch. This entire sequence may then be repeat-
ed in vivo to establish a continuous running
suture line. To secure the continuous suture line,
the suture-attached anchor is released while the
needle driver remains open, serving as the ini-
tial T-tag to fasten the distal end. In contrast, a
dedicated cinch device is required proximally to tighten the
suture thread and deploy a second T-tag for definitive fixation.

Compared to the OverStitch system, the OverStitch Sx (Apollo
Endosurgery, Inc, Austin, Tex, USA) features two independent,
external working channels that effectively substitute the two
channels required by a double-channel endoscope (Figure 11)
[99]. This innovative design significantly enhances device ver-
satility by enabling compatibility with a wide range of standard
single-channel flexible endoscopes, thereby promoting broader
accessibility and application [99]. However, the addition of this
external device may slightly restrict the overall flexibility and
maneuverability of the endoscope [100].

4 ADVANCED CLIP-BASED CLOSURE METHODS
The major drawback of regular TTSC:s is their maximum open-
ing width which is limited by the endoscopic working channel

diameter. Whereas the clip span can be slightly increased by
elongating the clip prongs, this physical limitation still consid-
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Figure 12. Schematic illustration of the EPSS procedure for closure of a gastro-
intestinal defect. (A, B) An initial clip is applied and an endoloop is positioned at the
proximal margin of the defect; (C) Additional clips are deployed to secure the endoloop
along the proximal edge; (D) The defect margins are approximated by tightening the
endoloop; (E) Complete closure of the defect is achieved. This figure is cited from
[102]. EPSS, endoscopic purse-string suture.

erably hampers their ability to close large mucosal or full-
thickness defects. Compared with regular TTSCs, OTSCs pro-
vide a higher mechanical closure force, but they are not suitable
for very large defects. Although endoscopic suturing devices
can be used for larger defects, their higher economic cost and
steep learning curve limit their widespread adoption in regular
clinical practice.

As aresult, over years of continuous clinical practice, endosco-
pists have come up with a multitude of advanced techniques to
specifically surpass this limitation. These advanced clip-based
closure techniques are systematically reviewed and presented

https://doi.org/10.61189/030332bzapdu
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in this paper. Depending on the main auxilia-
ry instruments used for defect approximation,
this review distinguishes clip-and-snare closure
methods, loop-clip closure methods, clip-only
closure methods, and clip-and-line closure me-
thods.

4.1 Clip-and-snare closure methods

Clip-and-snare methods make use of regular
clips in combination with detachable snares or
similar auxiliary devices to achieve defect clo-
sure. In this approach, the method exerts con-
tinuous radial tension on the defect edges, which
leads to the effective approximation of large
defects.

The first use of a clip and snare for defect clo-
sure, in combination with a double-channel
colonoscope, was reported by Matsuda et al. in
2004 [101]. An endoloop (Olympus, Tokyo,
Japan) was placed around the defect, and regu-
lar clips were used to fix the two ends of the
snare separately to the margins of the defect.
Subsequent tightening of the endoloop provid-
ed the required radial tension for preliminary
defect closure.

By inventing the endoscopic purse-string suture
(EPSS) method in 2014, Zhang et al. significant-
ly advanced the clip-and-snare closure method
(Figure 12) [102]. The method involved placing
multiple clips around the edges of the defect to
fix the endoloop. The edges of the defect were
drawn together by tightening the snare, and the
method was confirmed effective for closing gas-
tric wall defects less than 40 mm in diameter
[102].

The initial dependence on a double-channel
endoscope to allow simultaneous handling of
both instruments limited the widespread adop-
tion of the clip-and-snare method. However,
Nomura et al. described an innovative single-channel endo-
scope method in 2018 [103]. Firstly, the operation begins with
fastening the separated endoloop to one side of the clip using a
surgical thread. The clip-connected endoloop is then with-
drawn into the clip’s outer sheath, passed through the endo-
scope channel to the defect site, deployed from the sheath, and
fixed to one side of the defect. The closure is completed using
the standard purse-string steps.

After the EPSS had been established, endoscopists made vari-

ous alterations to the technique. For example, placing the
endoloop and the clips as a preventive measure before perform-
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Figure 13. Schematic illustration of the endoscopic ligation with O-ring closure

procedure. This figure is cited from [109].

Lietal.

clips [109]. This process is then repeated to
achieve total closure of large defects.

4.2 Loop-clip closure methods

Loop-clip closure methods use clips that are
either custom-made or commercially available
and feature an integrated loop structure to
achieve preliminary closure of large defects.
Although terminology varies across the litera-
ture, this review refers to these devices collec-
tively as “loop-clips”.

By way of an example in 2007, Fujii et al. uti-
lized a regular clip to grasp a specially designed
figure-of-8-shaped metallic loop, advancing it
through the instrument channel to close a post-
EMR defect (Figure 14) [111]. This method laid
the foundation for subsequent loop-clip devel-
opment. In 2008, Sakamoto et al. first described
the loop-clip as a new closure device, which
involved both a metallic and a nylon loop [112].
The operation of loop-clip methods is inher-
ently simpler and more convenient than clip-

and-snare methods. The process involves

Resolution clip
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deploying the loop-clip at the defect margin,
subsequently inserting a regular clip through
the instrument channel to grasp the loop. The
loop is then pulled to the opposing normal
mucosa and the second clip is deployed, thus

achieving preliminary closure of the large defect
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[113].

The loop structure is highly versatile, with its
material often consisting of metal, nylon, or
rubber [111, 112, 114]. This variability accom-

Figure 14. EMR and subsequent closure of the resulting mucosal defect using a
figure-of-8-shaped metallic loop in combination with two resolution clips. This

figure is cited from [111]. EMR, endoscopic mucosal resection.

ing EFTR helps the subsequent closure of the created defect,
thereby shortening the procedure time [104, 105]. Additionally,
dental floss can be used for clip traction to prevent the clip from
inverting during endoloop tightening. Alternatively, an addi-
tional endoloop can be placed over the EPSS for circumferen-
tial bundling and securing of all clips, thus effectively closing
defects that EPSS cannot adequately address [106-108].

For more secure closure, Nishiyama et al. developed a novel
technique named endoscopic ligation with O-ring closure
(Figure 13) [109, 110]. In this method, the surgical nylon loop
used for clip tightening replaces the detachable snare, and the
endoscopic variceal ligation device is employed to gather the

https://doi.org/10.61189/030332bzapdu

modates diverse clinical scenarios, such as the
closure method with an elastic ring reported by
Kowazaki et al., which utilizes a clip with an
attached elastic loop and also belongs to this
category [114]. Regardless of the specific de-
signs, the loop-clip essentially helps to turn a large defect into
several smaller ones, which can then be closed individually
with regular clips. In recent years, the loop-clip has been uti-
lized to raise the mucosal layer and provide traction to the
lesion, thus visually exposing more of the tissue that the endos-
copist can dissect during ESD operations [115-117].

The most notable difference between loop-clip and clip-and-
snare closure methods lies in how they apply force. Loop-clip
closure methods use the loop as a medium. A second clip grips
the loop of the first-deployed loop-clip and pulls it toward the
opposing mucosa, thereby creating the traction. On the other
hand, clip-and-snare closure methods utilize the loop structure
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( (B)
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Figure 15. Schematic illustration of the CCCM. (A) A first clip is deployed on nor-
mal mucosa adjacent to the defect margin; (B) A second clip is attached to the stem of
the first clip; (C, D) A third clip is advanced with one prong passing through the space
between the jaws of the second clip to serve as a traction point; (E) The third clip is
then secured to the contralateral normal mucosa to approximate the defect margins; (F)

Lietal.

inserted into the space between the two prongs
of the second clip, pulled to the opposite muco-
sa, and released. After confirming stability,
additional clips are deployed to fully close the
mucosal defect. In principle, the clip-on-clip
closure method is functionally analogous to
loop-clip methods, because the second clip is
used to establish the traction bridge instead of a
loop structure. Notably, to date, there have been
no direct comparative ex vivo or clinical stud-
ies among different types of clip-only closure
methods.

4.4 Clip-and-line closure methods

Clip-and-line closure methods achieve defect
closure through the synergistic action of regu-
lar clips and a line, typically a suture or dental
floss. This technique relies on linear tension
exerted on the line, causing the clips anchored
at the defect margin to converge, thereby
achieving tissue approximation.

Complete closure is achieved with CCCM and additional clips. This figure is cited from

[123]. CCCM, lip-on-clip closure method.

itself, which is fastened to the defect rims by several clips. The
radial contraction force resulting from loop tightening thus
brings the defect rims toward the center.

4.3 Clip-only closure methods

Clip-only closure methods refer to techniques for closing large
defects using only multiple clips, without auxiliary devices or
tools. The double-layered closure method for closing large
mucosal defects after ESD and EMR was introduced by Tanaka
etal. in 2012 [118]. They deploy a set of clips along the long axis
of the defect in the submucosal layer, thus reducing the defect
area, and then, another set of clips is interwoven in the mucosal
layer to achieve complete defect closure [118]. In 2017, Banno
introduced the mucosa—submucosal clip closure method [119].
The principle involves orienting a regular clip parallel to the
defect’s short axis, using its two prongs to hook the mucosa and
submucosa separately, and then deploying it [119]. The process
is carried out incrementally along the defect edge to bring the
mucosal margins closer together, thus reducing the defect area
that is finally closed with clips. Subsequent investigations,
however, revealed that this method was limited to defects
smaller than 50 mm and to those that were technically chal-
lenging [120, 121].

In 2018, the clip-on-clip closure method was proposed as an
effective, straightforward, and safe technique (Figure 15) [122,
123]. First of all, a clip is deployed on the normal mucosa out-
side the defect circumference. Then, a second clip is placed on
the first clip’s stem. To finish, one prong of the third clip is
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In 2016, Yamasaki et al. reported the line-

assisted complete closure (LACC) method
[124]. This method is effective for closing mucosal defects and
perforations, significantly reducing the incidence of post-endo-
scopic submucosal dissection coagulation syndrome [125].
LACC is performed with only one line and regular clips. After
binding the line to one clip prong, the clip is deployed on the
side of the defect. A second clip is subsequently used to grasp
the line and deploy it on the opposite side. If more clips are
needed, a zigzag pattern is used along the margin [126].
Continuous tension is then applied to the line, approximating
the defect for final closure with additional regular clips. Further
research has found that LACC can be a viable option for large
perforations and defects [127-129].

In 2021, Nomura et al. introduced the reopenable-clip over the
line method (ROLM), which employs a line and reopenable
clips to close defects without creating submucosal dead space
[130, 131]. Compared to LACC, in ROLM the suture for the
second and subsequent clips must be threaded extracorporeally
through the tooth hole of the reopenable clip before insertion
through the instrument channel [132]. This design ensures the
line and the clip remain continuously connected, which elimi-
nates the need for challenging intraprocedural line grasping
and provides a more robust and stable connection for subse-
quent tension and defect approximation. It is important to note
that both LACC and ROLM require the use of additional clips
for complete closure of the defect after manual line tensioning,
as the defect will reopen if tension is released. Furthermore,
completion of the entire procedure necessitates the endoscopic
transection of the line, which is typically performed using spe-
cialized accessories such as loop cutters or scissor forceps.
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To overcome this limitation, Nomura et al. successfully com-
bined ROLM with a modified locking-clip technique in 2022
[133]. The locking-clip technique is a technique that uses spe-
cial TTSCs with specific mechanical structures [134]. The
clip’s root is where the line is pre-threaded. When the clip is
fully opened, the root of the clip and the line become firmly
engaged. Therefore, endoscopists can first use ROLM with
regular clips to gradually reduce defect area and approximate
the tissue, and then they can apply modified locking-clip tech-
nique to tighten the line and fix it to the surrounding normal
mucosa. After this important anchoring step, the line can be
manually severed, thus allowing it to remain in vivo even under
continuous high tension [133, 135].

5 CONCLUSION

The advancements in endoscopic closure devices, driven by
clinician-engineer collaboration, have successfully transformed
post-procedural GI defect management. Current innovation
can be broadly categorized into two major directions: TTSCs
and OTSCs and highly accurate instruments intended to imi-
tate surgical suturing techniques. Within this landscape, the
strategic use of TTSCs in combination with auxiliary devices
effectively bypasses the mechanical constraints of single instru-
ments, broadening their clinical applicability. Nonetheless,
optimal clinical utilization demands a tailored approach, where
endoscopists must integrate established procedural guidelines
with defect complexity to judiciously select the most appropri-
ate single device or combined closure strategy. Looking for-
ward, although present closure devices, such as clips and
emerging suturing systems, have shown functionality in vari-
ous GI defects, the direction of future technological develop-
ment should be that of enhanced reliability, operability, cost-
effectiveness, and general ease of use of next-generation endo-
scopic closure devices.
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