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Introduction
!

Natural-orifice transluminal endoscopic surgery
(NOTES) is an emerging technique whereby ab-
dominal surgery is performed inside the abdo-
men using minimal or no skin incisions, instead
using a natural orifice to provide access. An enter-
otomy is made across the gut lumen, allowing ac-
cess to the abdomen in order to perform the sur-
gery. In 2005, gastric closure was identified as a
fundamental challenge to the safe introduction
of NOTES [1]. There is no current accepted stand-
ard method for achieving safe closure of a hollow
viscus.
Themost commonly available technique to close a
gastrotomy with an endoscope is by using muco-
sal clips, but early animal studies [2–4] show that
this can be clumsy, technically difficult, and ex-
pensive. One group reports a successful survival
study where the gastrotomy was left open [5],
but few surgeons would likely be willing to per-
form this experiment in humans, given that leak
pressures in unclosed gastrotomies have been
measured to be as low as 2mmHg [6], represent-
ing minimal gastric distension. Few tests of the

integrity of gastric closure have been published
[6–9], and few researchers feel that clip closure
alone is safe for human patients. A more reliable,
secure closure method is needed before NOTES is
ready for widespread adoption.
We have developed a new closure method that
uses a 16.5-mm nitinol clip delivered via an over-
the-scope delivery pod. This clip is easily de-
ployed, and is retrievable with an endoscopic
snare. We performed a pilot study to test bursting
pressures in a series of gastric explants utilizing
the Padlock-G (●" Fig. 1).

Methods
!

In eight explanted porcine stomachs, a site for
gastrostomy was selected on the greater curva-
ture near the gastrocolic ligament. Two T-tags
(Wilson-Cook, Winston-Salem, North Carolina,
USA) were placed endoscopically on either side
of the opening to facilitate closure, and the gas-
trotomy was created at a location across from the
gastroesophageal junction using a wire-guided,
endoscopic, 12-mm, balloon-dilatation catheter

Background and study aims: The success of
transgastric surgery depends on reliable, secure
closure of the gastrotomy. Few tests of the integ-
rity of these closures have been published. This
study aimed to determine whether a gastrotomy
suitable for a NOTES procedure can be closed safe-
ly and effectively fromwithin the stomach using a
novel endoscopically placed device, the Padlock-G
with the Lock-It delivery system.
Methods: In a series of eight consecutive porcine
gastric explants gastrotomy was performed in an
ex vivo animal laboratory, the gastrotomy being
closed with the Padlock-G followed by burst pres-
sure testing after completion of the procedure.
Gastrotomies were made in porcine explants. T-
tags were placed on either side of the gastrotomy,

and, with the T-tags pulled into an endoscopic
cap, the Padlock-G was deployed. Gastric trans-
mural pressure gradients at bursting of these clo-
sures were measured during insufflation of the
explanted stomachs with a high-pressure insuf-
flator.
Results: The mean burst pressure of the gastrot-
omy closures was 68.0mmHg (range: 45–
107mmHg). All of the stomachs ultimately rup-
tured at the closure sites, with the exception of
the stomach that ruptured at the highest value
(107mmHg), which ruptured at a site approxi-
mately 5 cm away from the closure site. All of the
closures were accomplished in 30 minutes or less.
Conclusions: The Padlock-G clip provides a se-
cure gastric closure for natural-orifice surgery.
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(Wilson-Cook) to accommodate a diagnostic gastroscope. The
deployment pod (Lock-It system,●" Fig. 2) was then placed at
the tip of the gastroscope, allowing maneuverability, and the T-
tags were pulled into the pod.
The Padlock-G was then deployed by depressing a handle, which
activates a trigger cable (see schematics,●" Fig. 3).
The cable pushes the clip out of the pod; since it is deformed to fit
the pod, the Padlock-G returns to its normal shape as it leaves it.
This causes the barbs on the inside of the pod to pucker the tissue
inward, similar to a purse-string closure (●" Fig. 4).
Closure integrity was assessed by submerging each explant un-
der water, and insufflating with carbon dioxide with a transmur-
al Veress needle until gas leakage occurred. The pressure gradi-
ents across the gastric wall, using ambient atmospheric pressure
in the laboratory as a reference standard, were recorded using a

hand-held digital manometer (Extech Instruments Corporation,
Waltham, Massachusetts, USA).
The experiment was repeated in exactly the same manner in a
single live animal. This was done as a test to replicate our ex
vivo work. At necropsy, the stomach was explanted, and burst
testing was done in an identical fashion.

Results
!

The results of the burst pressure measurements are shown in
●" Table 1.
All attempts to close the gastrotomies were successful in this ex-
periment. There were no gastrotomies that were judged to be in-
accurately closed by a single deployment of the Padlock-G. No at-
tempts were needed or made to deploy a second clip to close the
gastrotomy.
Mean burst pressure of the gastrotomy closures in ex vivo sto-
machs was 68mmHg. One explant achieved a burst pressure of
107mmHg, which caused gastric rupture approximately 5 cm
away from the gastrotomy site, while the Padlock-G remained in-
tact. The in vivo gastrotomy closure ruptured at 98mmHg. All of
the closures were accomplished in 30 minutes or less.

Discussion
!

Our specific aimwas to determine whether a gastrotomy suitable
for a NOTES procedure can be closed effectively from within the
stomach using the Padlock-Gwith the Lock-It system. A key issue
that will determine whether NOTES can be performed safely is
the reliability of the enterotomy closure upon its completion.
Most gastric or colonic closure methods employ either endo-
scopic clips, loops [2–4,7–11], or T-anchors [12]. Two studies
used a self-approximating submucosal tunnel which was closed
with an endoscopic clip [6,13]. Relatively few papers focus speci-
fically on gastrotomy closure [7–9,14–21]. Other ideas have
been proposed for gastrotomy closure including tissue anchors
[15], endoscopic suturing devices [7,8,16,17], endoscopic trans-
oral stapling [8,18,19], or an over-the-scope clip [21]. Newer

Fig. 1 Padlock-G clip.

Fig. 2 Lock-It system for Padlock-G clip deployment.
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Flexible endoscope

Fig. 3 a Schematic of the device, showing how T-tags are utilized. b Schematic of the device, de-
monstrating how the handle and trigger cable are used.
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concepts involve plugging the gastrotomy, with materials such as
an atrial septal occluder [22] or a bioabsorbable plug [23]. Only
four reports actually test the intragastric pressures needed to
cause failure of gastric closure, all in explanted porcine stomachs
[6–9].
It remains unknown how high enteric closure pressure must be.
NOSCAR (Natural Orifice Surgery Consortium for Assessment and
Research) proposed that whatever technique is employed should
withstand burst pressures as high as cough pressures, which have
been measured to be as high as 200mmHg [24]. Jagannath et al.
did not close gastrotomies after porcine transgastric uterine horn
resection, with openings as large as 20mm [5]. The pigs appar-
ently showed no septic complications after 2 weeks of survival.
This intriguing report compels us to suspect that, at least in
swine, closures may not need to be as robust as initially believed.
Human data in this regard are lacking, with a need for better phy-
siologic understanding of the mechanics of gastric pressures.
Several recent studies have looked at burst pressures after gastric
closure techniques [6–9]. The technique employed to record
pressures varied within each experiment, yielding different re-
sults. Von Delius et al. [6] found that negative controls leaked at
only 2mmHg pressure, whereas Ryou et al. [7] established that
leakage occurred at 15mmHg pressure in unclosed stomachs.
Such wide variance in results can make interpretation difficult.
The only widely available modality at the current time utilizes
mucosal clips. Von Delius et al. [6] reported that gastrotomy clo-
sure with mucosal clips had burst pressures ranging from means
of 37 to 44mmHg. This data range was similar in the work of
Ryou et al. [7,8], who found median burst pressures of
33mmHg [7] and 40mmHg [8]. Interestingly, Voermans et al.
[9] have shown burst pressures to be significantly higher, at
202mmHg. The method they employed to record these pres-
sures involved only the gastric wall itself, stretched over an “ex-
perimental apparatus.” One must wonder whether the values re-
flect the type of experiment rather than the closure technique.
Other gastric closures have resulted in similar burst strengths.
Hand-sewn closures ruptured at a mean of 50mmHg [6]. Inter-
estingly, Ryou et al. [8] looked at different methods of sutured
closure, with full-thickness closure leaking at the lowest pressure
(mean: 37.2mmHg) compared to double-layer closure (mean:
81.8mmHg) and purse-string closure (mean: 69mmHg). The
authors concluded that needle holes were potential conduits for
air leakage. This may imply that closure without serosal involve-
ment may be strong enough following a NOTES procedure. Ryou
et al. [8] also found endoluminal stapled closure (Power Medical
Interventions, Langhorne, Pennsylvania, USA) to have a similar
closing pressure (mean: 64.6mmHg).
Our results reveal mean burst pressures of 68mmHg with the
Padlock-G. One of our stomachs ruptured at a site away from the
gastric closure, a phenomenon also observed byRyou et al. [7].We
further tested the device in an in vivo stomach, utilizing a similar
technique. At necropsy, we explanted the stomach, and burst
pressure was found to be 98mmHg. While this value would have
raised our mean burst pressure higher, we did not include it in
this analysis, as wewere concerned that a difference in structural
integrity in comparison to explanted stomachs would confound
the data. We were encouraged by the successful result of in vivo
deployment; survival studies with the device are ongoing.
One concern with the device is how to handle its inaccurate de-
ployment. We have successfully utilized a snare to remove the
Padlock-Gwith minimal mucosal trauma. If a gastrotomy was in-
completely closed, a side-by-side application of a second Padlock-

G could be considered, although it was unnecessary in this study.
Attentionmust bemade not to overlap the clips, however, as they
could become entangled in one another and thus deliver a subop-
timal closure. Also, visibility is somewhat hindered, although no
more so than with other available off-the-shelf, over-the-scope
devices, such as an endoscopic cap. A future iteration of the de-
vice will have a clear pod (●" Fig. 5), rather than the metal pod
shown (●" Fig. 2), which may enable better visualization.

Fig. 4 Internal view (after excision) of a Padlock-G clip deployed in a non-
survival in vivo porcine stomach.

Table 1 Burst pressures from Padlock-G closures in gastric explants.

Attempt Pressure, mm Hg*

Ex vivo procedures

1 57

2 107†

3 45

4 72

5 69

6 62

7 66

8 66

Mean 68

In vivo procedure 1 98

*Pressures are measured in mm Hg compared to laboratory atmospheric
pressure as a reference standard.

† Stomach ruptured at site away from Padlock-G clip closure.

Fig. 5 Padlock-G clip loaded in a clear version of the Lock-It system.
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Another theoretical concern is late trauma to the mucosa or the
gastrointestinal tract, should it slough off of the closure, but
long-term survival studies, as well as studies testing its transit
through the gastrointestinal tract, would need to be performed
to investigate this, placing this concern outside the scope of this
experiment.
The decision to utilize T-tags was done with the aim of centering
the Padlock-G over the gastrotomy site. The T-tags were not used
to close the gastrotomy prior to application of the clip. We have
successfully deployed the Padlock-G without T-tags; however,
the iteration of the device used in this experiment only fits over
an endoscope with a single working channel. When only one side
of the gastrotomy is grasped, the Padlock-G can deploy off-cen-
ter, creating a suboptimal closure.
The following limitations in this study should be highlighted.
First, we did not have a control group for closure comparison.
We have historical data regarding mucosal clips, which were
compared to a loop-anchor purse-string (Wilson-Cook) closure
technique [26] that was in part developed in our lab. As these
data were part of another study, we chose not to report the re-
sults here. Second, we had several attempts at deploying the Pad-
lock-G in vivo prior to conducting this experiment, and our work
led to design refinements to maximize its success: our experi-
ence with the device may have contributed to the successful re-
sults. Third, we chose to place T-tags on either side of the gastrot-
omy to pull the visceral opening into the Lock-It system to help
deploy the device. This step may have improved our results, and
was based on prior in vivo work. T-tags are costly, require a steep
learning curve (which also adds to closure time), and can cause
visceral injury across the gastric wall, but future iterations of the
device may obviate the need for them. Fourth, gastrotomies were
made in endoscopically advantageous areas on the stomach.
While in vivo gastrotomies tend to be made anteriorly to avoid
entry into the lesser sac, the gastrotomies in this experiment
were made across from the esophageal opening, avoiding diffi-
culties with undue torque either on the scope or on the Padlock-
G and Lock-It system. Fifth, we have not obtained histologic data
demonstrating healing of the gastrotomy, as this study was
merely an explant study. Surely such data would represent con-
firmatory evidence that the device does successfully close a gas-
trotomy; survival studies with the device are ongoing andwill in-
clude such data. Lastly, we recognize that the study size is small,
but as this was not a comparative study, we did not attempt to
power it statistically. While it would have been optimal to do a
comparative study with unclosed controls or gastrotomies closed
by other methods, we felt that this would duplicate previously
published work. Further, the intent of the study was merely to
test the feasibility of the device.
This pilot study shows that gastrotomy closure with the Padlock-
G and Lock-It system is feasible, with comparable burst pressures
to other published methods. Further studies are ongoing to con-
tinue to assess the safety of the device’s use. Assessing transit
time through the gastrointestinal tract, assuming the Padlock-G
does slough, will be an important area of future study. How the
Padlock-G performs in the human gastrointestinal tract remains
as yet unknown.

Summary
!

A current limitation of NOTES is the ability to close the visceral
opening. In early human cases the focus has mostly been on
transvaginal approaches, in order to sidestep this problem. Most
published studies involving enterotomy closure utilize endo-
scopic clips. The disadvantages of this approach include cost,
technical difficulty, and the potentially poor mechanical strength
of these closures, which by definition are mucosal only. A safer,
stronger, more reliable method of closing the stomach, preferably
using a full-thickness approach, is highly desirable.
The Padlock-G deployed via the Lock-It system is an easy-to-use
system which resulted in successful gastrotomy closures both in
explanted porcine stomachs and in an in vivo model. Further sur-
vival studies are warranted to determine whether the clips re-
main in place or slough, before they can be considered for human
use. In addition, histologic study of the closure would be of value
to understand how much of the gastric wall is incorporated into
the closure.
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