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Abstract
Background Surgical resection of upper gastrointestinal (GI) subepithelial tumors (SETs) is associated with significant 
morbidity and mortality. A new over-the-scope (OTS) clip can be used for endoscopic full-thickness resection (eFTR). We 
aimed to prospectively evaluate feasibility and safety of upper GI eFTR with a new, flat-based OTS clip.
Methods Consecutive patients with a gastric or duodenal SET < 20 mm were prospectively included. After identification of 
the lesion, the clip was placed and lesions were resected. Patients were followed for 1 month to assess severe adverse events 
(SAEs); 3–6 months after eFTR, endoscopy was performed.
Results eFTR was performed on 13 lesions in 12 patients: 7 gastric and 6 duodenal SETs. Technical success was achieved 
in 11 cases (85%). In all 11 cases, R0-resection was achieved. In all 6 duodenal cases and in one gastric case, FTR was 
achieved (64%). One SAE (pain) was observed after eFTR of a gastric SET. After eFTR of duodenal SETs, several SAEs 
were observed: perforation (n = 1), microperforation (n = 3), and hemorrhage (n = 1). During follow-up endoscopy, the clip 
was no longer in situ in most patients (7 of 10; 70%).
Conclusions eFTR with this new flat-based OTS clip is feasible and effective. Although gastric eFTR was safe, eFTR in the 
duodenum was complicated by (micro)perforation in several patients. Therefore, the design of the clip or the technique of 
resection needs further refinement to improve safety of resection of SET in thin-walled areas such as the duodenum before 
being applied in clinical practice.
Dutch trial register: NTR5023.

Keywords Over-the-scope clips · Endoscopy · Full-thickness resection · Subepithelial tumor

Subepithelial tumors (SETs) located in the stomach or duo-
denum, such as neuroendocrine tumors (NETs) and gas-
trointestinal stromal tumors (GISTs), can cause significant 
morbidity and, in some cases, mortality. If necessary, SETs 
are usually resected by laparoscopy. However, laparoscopic 
resection of such tumors, especially in the duodenum, is 
associated with considerable morbidity [1–4]. Endoscopic 

removal is advised for small duodenal SETs (< 1 cm) and 
surveillance or endoscopic removal (depending on sus-
pected etiology of the lesion) for gastric SETs < 1 cm [5]. 
The guideline advices surgical resection for lesions > 2 cm 
and careful consideration for SETs 1–2 cm in size. However, 
small SETs are often treated conservatively since viable 
treatment options are lacking; this approach is safer, but 
may leave the patient with bothersome symptoms, uncer-
tainty on the diagnosis, and regular surveillance endosco-
pies. Should endoscopic removal be attempted, endoscopic 
mucosal resection (EMR) can be performed if the tumor is 
smaller than 1–1.5 cm. However, EMR is associated with a 
low rate of R0-resection and a high complication rate [6]. 
Another option is endoscopic mucosal dissection (ESD). 
The R0-resection rate of ESD is higher compared with EMR 
but the risk of perforation is higher [7, 8]. In the duodenum, 
EMR is preferred over ESD, since the risk of perforation is 
> 30% with ESD [9].
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This problem of low R0-resections may be overcome with 
a full-thickness resection which includes the muscularis pro-
pria in the specimen such as in a laparoscopic wedge exci-
sion. Recently, endoscopic full-thickness resection (eFTR) 
using over-the-scope (OTS) clips has gained interest as an 
alternative to laparoscopic surgery and EMR/ESD in this 
patient category. Despite the limited invasiveness of the pro-
cedure, eFTR is a potentially curative treatment and allows 
for a definitive histopathological diagnosis, which is often 
difficult in smaller SETs. A new OTS clip with a flat base 
(Padlock Pro-select, Aponos Medical Corp., Kingston, NH, 
USA) has recently become available [10]. The flat base of 
the clip is thought to facilitate snaring of the tumors after 
deployment of the clip, thus increasing the chance of achiev-
ing R0-resection. Successful eFTR with this new flat-based 
OTS clip in gastric or duodenal SETs has been reported in 
only one case thus far [11]. Herein, we report our experience 
with eFTR with this new flat-based OTS clip in gastric and 
duodenal SETs.

Patients and methods

Between January 2015 and July 2016, patients were pro-
spectively included in this study at the Department of Gas-
troenterology and Hepatology at the University Medical 
Center Utrecht, The Netherlands. Patients were eligible for 
inclusion if they were ≥ 18 years of age, if previous endo-
scopic ultrasound showed a submucosal lesion ≤ 20 mm in 
the gastric or duodenal wall, and if resection was indicated. 
Indications for eFTR included (suspected) hormone-pro-
ducing NET or (in)definite histology. In case of indefinite 
histology, the aims of eFTR were to remove uncertainty of 
the patient with regard to unknown etiology of the lesion, to 
stop potentially unnecessary surveillance, and to remove the 
risk of metastasis [12]. The research protocol was approved 
by the institutional review board. Patients provided informed 
consent for endoscopy and data collection.

The over‑the‑scope clip

The Padlock system consists of a clip, a cap, and a deploy-
ing mechanism (Fig. 1). The clip consists of a nitinol ring 
with six “swords” of 7 mm, which is preassembled on a 
transparent applicator cap with a chamber of 11.5–14 mil-
limeter (depending on the endoscope used). The swords 
point forward when the clip is situated on the cap (Fig. 1). 
The swords turn inward when the clip is deployed, thereby 
puncturing, lifting, and approximating the targeted tissue 
(Fig. 2). Once deployed, the clip is flat based and has a hex-
agonal shape. The applicator cap is mounted on a regular 
or therapeutic endoscope; the clip is deployed by a thumb 

press mechanism. The trigger wire is located alongside the 
endoscope.

Endoscopic full‑thickness resection

Procedures were performed by two experienced 
endoscopists (FV, LM) with a GIF-HQ190, GIF-1TH190, 
or GIF-2TH180 endoscope (Olympus, Hamburg, Ger-
many). Patients were placed in the left lateral decubi-
tus position and vital functions were monitored during 
the procedure. Patients were sedated using monitored 

Fig. 1  The Padlock clip, preassembled on applicator cap, with the 
external deployment mechanism alongside the endoscope, mounted 
on the tip of an endoscope

Fig. 2  The Padlock clip has a hexagonal shape and is flat based once 
deployed
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anesthesia care with propofol. All lesions were visual-
ized prior to resection with esophagogastroduodenoscopy 
(EGD) and endoscopic ultrasound (EUS) to confirm that 
the size of the lesion was appropriate and that the lesion 
was indeed located in the submucosa.

After identification of the target lesion (Fig. 3A), the 
endoscope was removed. After assembly of the cap, the 
scope with the cap was re-introduced (Fig. 3B) and the 
lesion was suctioned into the applicator cap, after which 
the clip was deployed. This way, a pseudopolyp was cre-
ated with the target lesion situated above the deployed clip 
(Fig. 3C). Hereafter, the endoscope was removed and the 
cap was removed from the endoscope. After reintroduction 
of the endoscope, a 20-mm electrosurgical snare (Boston 
Scientific, Natick, MA, USA) was advanced through the 
working channel. The snare was placed around the pseu-
dopolyp under close endoscopic visualization to ensure 
that the snare was not placed around the clip (Fig. 3D). 
Subsequently, the lesion was removed en bloc with the 
snare in auto-cut mode (Fig.  3E, Supplemental video 
1). The resected specimen was retrieved with the snare 
(Fig. 3F). The base of the pseudopolyp was inspected for 
evidence of hemorrhage or perforation thereafter. The 
resected specimen was pinned on a paraffin block and was 
sent to the pathologist for histopathological assessment. 
Additionally, size, layer of origin, and margins of the 
tumor were evaluated.

Endpoints

We aimed to assess technical feasibility, R0-resection rate, 
full-thickness resection rate, and safety. Technical success 
was defined as successful placement of the clip and removal 
of the lesion, without macroscopic remnant tissue left in situ. 
R0-resection was defined as microscopic SET-free horizon-
tal and vertical margins in the specimen. Full-thickness 
resection was defined as the inclusion of muscularis propria 
in the specimen. Complications were graded according to 
the Clavien–Dindo classification: Grade I, no treatment or 
only certain medications required; Grade II, conservative 
management (including antibiotics); Grade III, surgical/
endoscopic/radiologic intervention; Grade IV, ICU manage-
ment; Grade V, death [13, 14].

Follow‑up

After eFTR, patients were hospitalized for one night. Pro-
phylactic proton pump inhibitors were prescribed in all 
patients. The first 6 h after the procedure only clear liquids 
were given. If signs of infection or severe pain was observed, 
admission was prolonged at the discretion of the treating 
physician. Follow-up consisted of telephone calls after 1 
week and 1 month to inquire about adverse events. Follow-
up endoscopy was performed after 3–6 months.

Fig. 3  After identification of the duodenal lesion (A), the cap was 
placed on the endoscope and introduced (B). Thereafter, the clip was 
deployed, thereby creating a pseudopolyp (C). Hereafter, an electro-

surgical snare was placed around the pseudopolyp (D) and the lesion 
was removed in auto-cut mode (E). The resected specimen (F) was 
sent for pathological evaluation
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Statistical analysis

Categorical variables were expressed as proportions; con-
tinuous variables were expressed as medians (interquar-
tile range; IQR) or means (standard deviation; SD), where 
appropriate. Since this was a feasibility study, no power 
analysis to calculate sample size was performed. The analy-
ses were performed using SPSS version 23 (SPSS Inc., Chi-
cago, Illinois, USA), and p values < 0.05 were considered 
statistically significant.

Results

A total of 12 patients were included [male N = 8 (67%), mean 
age 52.8 ± 12.1 years] in whom 13 SETs were removed with 
eFTR. In one patient, two SETs were removed on separate 
occasions. Indications for eFTR included NET (N = 4), GIST 
(N = 2), inability to obtain histology (N = 1), and indefinite 
histopathology of biopsies (N = 6) obtained during earlier 
EGD and EUS. Six eFTRs in five patients were performed 
in the duodenum (all proximal to ampulla of Vater) and 
seven eFTRs were performed for gastric SETs. Mean size 
of the lesions was 11 ± 4 mm. Baseline characteristics of 
the patients and lesions and the results of eFTR are shown 
in Table 1.

Procedure outcomes

Technical success was achieved in 11 (85%) cases (Table 1). 
In two gastric lesions, suction of SETs in the cap was unsuc-
cessful. These lesions measured 18 and 20 mm and were 
located in the fourth layer on EUS (muscularis propria). In 
one case, the cap could not be advanced beyond the pharynx 
due to edema caused by manipulation with the endoscope 
in the pharynx with the device in place. Six months later, 
endoscopy was repeated and clip placement was success-
ful this time. In general, gastric lesions were found to be 
more difficult to place into the cap than duodenal lesions. In 
all successful cases, difficulty of the entire procedure was 
considered easy by the endoscopists. In one gastric eFTR, 
the SET was not situated within the pseudopolyp after clip 
placement. The clip was removed with a rat tooth forceps 
and a second clip was successfully placed. In another gas-
tric eFTR, there was doubt whether the SET was captured 
in the pseudopolyp. Radial EUS (GF-UE160-AL5, Olym-
pus, Hamburg, Germany) confirmed this and the SET was 
resected without difficulties. Mean total procedure time was 
35 (± 10) min. Mean procedure time from the moment of 
insertion of the clip until removal of the endoscope was 18 
(± 8) min. All successfully removed lesions were resected 

en bloc. Follow-up endoscopy was available in 10 of 11 suc-
cessfully treated cases and revealed no local recurrences. In 
three cases, the clip was still in situ.

Pathology results

Sizes of the resection specimens are shown in Table 1. In 
the duodenum, histopathology revealed brunneroma (n = 1), 
ectopic pancreas (n = 1), and gastrinoma (n = 4). Gastric 
lesions were GIST (n = 1), duplication cyst with ectopic 
pancreas (n = 1), ectopic pancreas (n = 1), reactive gastric 
epithelium (n = 1), and inflammatory fibroid polyp (n = 1). 
Interestingly, R0-resection was achieved in all cases. Full-
thickness resection was achieved in all duodenal cases 
(n = 6) and in one of five gastric cases.

Safety

Five of six duodenal eFTRs were complicated by immedi-
ate adverse events (within 10 h). One case was complicated 
by post-procedural hemorrhage and repeat endoscopy was 
performed and hemostasis was achieved with coagulation 
forceps; further treatment consisted of blood transfusion and 
coiling of the bleeding vessel (Grade III). Three patients 
reported having severe pain; on abdominal CT scan, fat 
stranding but no signs of perforation were observed. All 
three patients were diagnosed with a microperforation and 
were treated with opiates and antibiotics (Grade II). Finally, 
one patient was diagnosed with a perforation on abdominal 
CT scan which was treated conservatively with opiates and 
antibiotics (Grade II). Despite adjustments in technique (i.e., 
leaving more tissue in situ on top of the clip), adverse events 
occurred and the inclusion of duodenal cases was halted. 
Median post-procedural in-hospital stay was 2.0 days (IQR 
1.0–7.0).

After gastric eFTR (n = 7), one patient reported pain with 
no signs of perforation on abdominal CT; treatment con-
sisted of opiates (Grade I). No other severe adverse events 
(SAEs) were observed. The patient in whom the procedure 
was ceased due to esophageal edema reported dyspnea after 
the failed eFTR. Saturation was > 95%, infection parameters 
were low, and no symptoms of perforation or pneumonia 
were observed. The dyspnea resolved within hours without 
intervention (Grade I). Median post-procedural hospital stay 
was 1.0 day (IQR 1.0–1.5).

Discussion

This is the first prospective study on eFTR of gastric and 
duodenal SETs. The current study showed that eFTR is tech-
nically feasible in both locations with the new flat-based 
Padlock OTS clip. Interestingly, R0-resection was achieved 
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in all technically successful cases. Therefore, the utilized 
suction-and-entrap method seems correct when using this 
clip. Unfortunately, eFTR in the duodenum was complicated 
by (micro)perforation in several patients. The current tech-
nique of eFTR or the design of the clip therefore needs to 
be optimized for eFTR in the duodenum before application 
in clinical practice can be advised. In gastric eFTR, on the 
other hand, a favorable safety profile was observed which, 
combined with an optimal R0-resection rate, makes eFTR 
with this clip an interesting new option for endoscopic resec-
tion of gastric SETs.

Although alternative resection techniques (i.e., EMR, 
ESD, and surgery) are available for SETs < 20 mm, these 
techniques have important limitations. The duodenum is 
a notoriously difficult location for (endoscopic) resection 
of SETs. EMR is associated with a relatively low rate of 
R0-resection, uncertainty of complete resection if piecemeal 
resection is performed, and a high complication rate; in a 
recent report on sporadic neuroendocrine tumors in the duo-
denum, certain R0-resection was achieved in only 50% and 
complications were observed in 38% [6]. Alternatively, ESD 
can be performed. The R0-resection rate of ESD is higher 
compared with EMR, but ESD is associated with a high risk 
of perforation (up to 39%) and requires extensive experience 
with endoscopic resection techniques [15–17]. Because of 
the poor results of endoscopic resection in the duodenum, 
laparoscopy is most commonly used to remove SETs in this 
location. However, since limited resection is often not an 
option in SETs, laparoscopic resection in the duodenum usu-
ally consists of a (pylorus-preserving) pancreaticoduodenec-
tomy, an operation associated with significant post-surgical 
morbidity [1, 2].

In conclusion, all methods available for resection of duo-
denal SETs have limitations. Nevertheless, eFTR could be 
considered if resection is indicated, since R0-resection and 
FTR were achieved in 100% of patients. However, the risk 
of (micro)perforation needs to be lowered by modification 
of the applied technique or design of the clip. Until this is 
achieved, duodenal eFTR should not be considered stand-
ard clinical practice. If eFTR is considered the only viable 
option, e.g., in case of significant morbidity but also the 
presence of comorbidities, the risk of (micro)perforation 
should warrant hospitalization for observation and prophy-
lactic antibiotics. Fortunately, all complications could be 
managed conservatively, with only one Grade III compli-
cation, thereby comparing favorably to surgery. There are 
several possible explanations for the high number of com-
plications observed in duodenal eFTR. First and foremost, 
the relatively thin wall of the duodenum, approximately 
1.5 mm on average, is very fragile; when the ‘swords’ turn 
inwards after puncturing the duodenum, the swords may tear 
the duodenum which causes a (micro)perforation, especially 
when the clip and snare make contact during electrosurgical 

snaring of the lesion. Moreover, electrosurgical snaring may 
cause deep coagulation damage, which could affect tissue 
strength. Another possible explanation is that the space 
between the wider parts of the opposing swords (9 mm) 
could be too large for the thin duodenum, which allows for 
the two walls to give way which in turn results in a perfora-
tion [18]. After the first microperforation, it was decided to 
leave more tissue in situ above the clip. Despite this more 
defensive approach however, delayed bleeding occurred for 
which, apart from the extensive vasculature of the duode-
num, no causative factor was found. Dedicated effort was put 
in avoiding the clip with the electrosurgical snare; neverthe-
less, abdominal infection due to perforation occurred.

Reported results of EMR, ESD, and surgical resection 
for SETs in the stomach are better than those for the duo-
denum. Bleeding rates after ESD and EMR are compara-
ble (approximately 10%), procedure time for ESD is longer 
(approximately 60 vs. 15 min for EMR), and the perforation 
risk of ESD is higher (approximately 4 vs. 1% for EMR) 
[7, 8]. However, high en bloc resection and R0-resection 
rates for ESD of gastric SETs situated above the muscularis 
propria layer are the reason that ESD is considered first-line 
treatment in this location [7–9, 19, 20]. Performing ESD 
in gastric SETs originating from the muscularis propria is 
feasible (R0-resection in 97.1%), but is associated with an 
increased risk of perforation (12.1%) [21]. Alternatively, 
laparoscopic resection can be performed, especially in 
larger SETs originating from the muscularis propria. Lim-
ited laparoscopic resection is often performed for SETs in 
the stomach, which is effective and safe, but is time consum-
ing and requires multiple days of post-surgical admission 
[3, 4, 22]. In the current study, R0-resection was achieved 
in all successfully clipped gastric SETs. Furthermore, the 
median number of in-hospital days after gastric eFTR was 
just 1 day in the current study, compared with 5 days after 
ESD in a recent study [22]. The sample size of this study is 
too small for comparison to ESD with regard to the risk of 
complication. Nevertheless, eFTR with this new flat-based 
clip is a promising new technique for gastric SETs < 20 mm 
situated superficial to the muscularis propria and should be 
further explored in larger studies. Two gastric lesions origi-
nating from the muscularis propria could not be suctioned 
in the cap. The muscularis propria was less compliant than 
more superficial layers upon suctioning, which combined 
with the fact that the two lesions were relatively large (18 
and 20 mm) may well have caused the failure to suction the 
lesions in the cap. Therefore, it is advisable to perform eFTR 
of gastric lesions located in the muscularis propria of lesions 
up to 15 mm only. However, larger studies are required to 
test this hypothesis.

Literature on eFTR in the stomach and duodenum 
is scarce. Sarker et al. [23] reported on eFTR of three 
SETs in the duodenum and two in the stomach with a 
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different, curved, OTS clip (OTSC; Ovesco Endoscopy 
AG, Tübingen, Germany) and reported no adverse events. 
Although R0-resection was achieved in all five cases, FTR 
was achieved in only one gastric NET. Three other stud-
ies report on their experience with the same type of clip. 
Fahnrich et al. [24] reported one successful eFTR in the 
duodenum with R0-resection and two gastric lesions with 
R0 in both and FTR in one. Schmidt et al. [25] reported 
on eFTR of two SETs in the duodenum; R0-resection 
and FTR were achieved in both. Monkemuller et al. [26] 
reported on successful eFTR of one gastric NET but did 
not report whether R0 and FTR were achieved. In all stud-
ies, no adverse events were reported. Recently, another 
retrospective study reported on four eFTR procedures of 
upper gastrointestinal SETs with the flat-based OTS clip 
[11]. However, placement of the flat-based OTS clip was 
successful in only one case (duodenal bulb). Two SETs 
that could not be clipped were located in the duodenal bulb 
and one was located in the lesser curve of the stomach. 
In all three cases, the clip failed to deploy. The curved 
OTSC was used in the three failed cases and in one other 
case. In all five included upper GI SETs (four located in 
the duodenum), R0-resection was achieved and no adverse 
events were reported. It was not specified whether FTR 
was achieved.

The rate of FTR achieved in the duodenum in these other 
studies is somewhat low; we were able to accomplish FTR 
in all SETs in the duodenum and R0-resection of all duo-
denal and gastric SETs. En bloc resection in all successful 
cases allows for a reliable judgment of whether R0-resec-
tion is achieved, as opposed to piecemeal resection in EMR. 
Furthermore, resection with this OTS clip was considered 
fairly easy, while other techniques (e.g., EMR, ESD) require 
extensive experience in endoscopic resection techniques 
[16]. Therefore, we believe that the flat-based OTS clip 
may be a useful addition to the arsenal of the therapeutic 
endoscopist for gastric SETs < 20 mm in size and located 
above the muscularis propria. Moreover, if the design of the 
clip and technique for resection of duodenal lesions < 20 mm 
are optimized, then this would have important implications 
for the treatment of duodenal SETs in the foreseeable future.

In conclusion, gastric and duodenal eFTR with this new, 
flat-based OTS clip is feasible. However, the resection tech-
nique should be further optimized before eFTR of duodenal 
SETs can be performed safely on a larger scale. eFTR in the 
stomach is effective with a favorable safety profile. High 
RO- and en bloc resection rates make eFTR with this clip an 
interesting new device for therapeutic endoscopists.
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