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Abstract

Background and study aims Classic endoscopic resection

techniques (EMR and ESD) are limited to mucosal lesions.

In the case of deeper growth into the gut wall and anatomic

sites prone to perforation, the novel full-thickness resection

device (FTRD�) opens a new dimension of possibilities for

endoscopic resection.

Patients and methods Sixty patients underwent endoscopic

full-thickness resection (eFTR) at our institution. Safety,

learning curve, R0 resection rate, and clinical outcome

were studied.

Results In 97% (58/60) of the interventions, the FTRD�-

mounted endoscope reached the previously marked lesion

and eFTR was performed (technical success). Full-thick-

ness resection was achieved in 88% of the cases, with an

R0 resection on histological examination in 79%. The

clinical success rate based on follow-up histology was even

higher (88%). Adverse events occurred in 7%. Appendicitis

of the residual cecal appendix after eFTR of an adenoma

arising in the appendix led to the only post-eFTR surgery

(1/58, 2%). Minor bleeding at the eFTR site (2/58, 3%) and

an eFTR performed accidently without proper prior

deployment of the OTSC� (1/58, 2%) were successfully

treated endoscopically. There was no secondary perforation

or eFTR-associated mortality.

Conclusions After specific training, eFTR is a feasible,

safe, and promising all-in-one endoscopic resection tech-

nique. Our data show that eFTR allows complete resection

of lesions affecting layers of the gut wall beneath the

mucosa with a low risk of adverse events. However, our

preliminary results need to be confirmed in larger, con-

trolled studies.

Keywords Endoscopic full-thickness resection (eFTR) �
Full-thickness resection device (FTRD�) � Recurrent
adenoma � Non-lifting adenoma � Endoscopic
appendectomy

Abbreviations

EMR Endoscopic mucosal resection

ESD Endoscopic submucosal dissection

STER Submucosal tunneling endoscopic resection

LAEFR Laparoscopy-assisted endoscopic full-thickness

resection

NOTES Natural orifice transluminal endoscopic surgery

GI Gastrointestinal

OTSC� Over-the-scope clip

FTRD� Full-thickness resection device

eFTR Endoscopic full-thickness resection

Endoscopic mucosal resection (EMR) and endoscopic

submucosal dissection (ESD) are well-established and

effective techniques for endoscopic resection of mucosal

neoplasms along the entire gastrointestinal (GI) tract [1].

However, these procedures are limited to superficial

lesions. Recently, an increasing number of studies have

reported good results using submucosal tunneling endo-

scopic resection (STER) for small subepithelial tumors

[2–4]. To date, STER is still limited to lesions in the
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esophagus, the cardia, and the proximal stomach. There

are several conditions (e.g., non-lifting sign of a polyp due

to scarring and fibrosis, difficult anatomic site) under

which EMR and ESD are unsuitable resection techniques

bearing a high risk of perforation [5–7]. Even though

hybrid techniques such as full-thickness resection using a

natural orifice transluminal endoscopic surgery (NOTES)

access combined with laparoscopy known as laparoscopy-

assisted endoscopic full-thickness resection (LAEFR) are

feasible [8, 9]. These procedures are time consuming,

not well standardized, and require like STER general

anesthesia. Thus, such hybrid techniques were not

implemented extensively among many centers. The

armamentarium for sole endoscopic resection of submu-

cosal lesions was limited until the introduction of the

over-the-scope clip (OTSC�) in 2007 [10]. The OTSC� is

now a well-established tool for the closure of gastroin-

testinal perforations and leaks. The efficacy of the OTSC�

for various indications has already been proven in several

studies [11–14]. Two case series on full-thickness snare

resection followed immediately by OTSC� closure have

shown excellent success rates [15, 16]. Based on the

OTSC� as a powerful closure tool, a full-thickness

resection device (FTRD�) has been developed. The

FTRD� is an all-in-one device combining OTSC� closure

of the GI wall with subsequent full-thickness resection. It

allows full-thickness resection of GI tract lesions smaller

than approximately 3 cm. Endoscopic full-thickness

resection (eFTR) therefore has great potential in the

treatment of lesions that previously could not be managed

endoscopically and required a surgical approach. In prin-

ciple, eFTR is indicated when resection of the submucosa

or even the muscle layer is desirable at sites prone to

perforation. There is only limited data on the performance

of the FTRD� in humans so far [17–19]. As we described

previously, the FTRD� system may be used for indica-

tions including previously untreated adenomas with a non-

lifting sign, recurrent adenomas with scarring, and lesions

at difficult locations with an increased risk of perforation

(e.g., in a diverticulum or the appendix) [17]. Further-

more, the FTRD� may also be used to increase the

diagnostic yield in early (T1) carcinoma, in situations with

a contraindication to surgical resection, and for follow-up

resection at the base of a malignant polyp priorly removed

endoscopically. Other applications include resection of

subepithelial tumors and diagnostic full-thickness resec-

tion in Hirschsprung’s disease. In addition to several case

reports, Schmidt et al. [19] published the largest cohort

of 25 patients in collaboration with our group [19]. We

now present an analysis of 60 cases undergoing eFTR at

our institution from data collected retrospectively and

prospectively.

Materials and methods

Study design and patient characteristics

Over a 4-year period (June 2012–October 2016), 60 eFTRs

were performed at our institution. The charts of the earlier

patients were analyzed retrospectively. Starting in January

2015, the patients were prospectively included in the study.

The following parameters were recorded: (1) indication for

eFTR; (2) anatomical site of the lesion; (3) technical

success (lesion reached with the endoscope and resected);

(4) R0 resection rate (eFTR histology); (5) clinical success

(based on follow-up histology); (6) adverse events; and (7)

fate of the OTSC�. The results of the first eight patients

were previously included in Schmidt et al.’s cohort [19].

Another case was previously published by our group as a

video case [17].

All patients gave their written informed consent for

endoscopy, as well as for the publication of their medical

data. The study was conducted in accordance with the

declaration of Helsinki and was approved by the local

ethics committee (BASEC 00284).

Indications for eFTR

Group 1 consisted of difficult recurrent adenomas with a

non-lifting sign, whereas group 2 included patients who

had polyps with a primary non-lifting sign. Evaluation by

an experienced endoscopist considered traditional resection

techniques for recurrent adenoma (EMR/ESD) to be high

risk regarding perforation: eFTR was therefore performed.

Group 3 consisted of patients undergoing eFTR in addition

to piecemeal resection of large polyps. Piecemeal

polypectomy was combined with eFTR if the lesion

showed perforation-prone areas (non-lifting sign of the

central part). Piecemeal EMR was then used initially to

downsize the polyp in order to render it eligible for eFTR.

Group 4 included patients with a T1 tumor who were not

eligible for classic surgical resection. Group 5 consisted of

patients with a submucosal lesion. eFTR was performed to

increase the diagnostic yield if previous histology was

uncertain or as a therapeutic option for complete removal

of the lesion in patients not eligible for surgery. Group 6

included patients with an adenoma involving the appendix.

eFTR was performed if classic EMR was considered high

risk with respect to perforation or when there was a non-

lifting sign. Group 7 included patients for follow-up

resection of a malignant polyp after prior polypectomy.

Group 8 consisted of patients undergoing eFTR over loop.

Endoloops were used before the resection of large,

pedunculated polyps, to prevent major bleeding. Due to the

incomplete polypectomy above the endoloop and in order
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to prevent perforation, eFTR was used in the same session

to complete the resection of the adenoma. The endoloop

was usually pulled into the working channel of the endo-

scope to facilitate placing the lesion into the FTRD�.

Group 9 consisted of cases with an adenoma involving a

diverticulum. Classic polypectomy was rated as perfora-

tion-prone, so eFTR was carried out.

FTRD� and resection method

EFTR was performed as described previously [20]. The

procedures were carried out by three experienced endo-

scopists. First, the target lesion is marked with electro-

cautery and/or ink injection and the endoscope is then

retracted. The full-thickness resection device (FTRD,

Ovesco� Endoscopy AG, Tübingen), consisting of an

OTSC� mounted onto a transparent cap (Supplemental

Fig. 7A) that also contains a hyperthermic snare, is fitted

onto a therapeutic endoscope (Supplemental Fig. 7B). The

endoscope with the FTRD� is advanced to the previously

marked lesion (Supplemental Fig. 8, step 1). Grasping

forceps are used to take hold of the target lesion (Supple-

mental Fig. 8, step 2) and carefully pull it into the plastic

cap of the FTRD� (Supplemental Fig. 8, step 3). Imme-

diately after deployment of the OTSC� (Supplemental

Fig. 8, step 4), eFTR is performed using the hyperthermic

snare within the plastic cap (Supplemental Fig. 8, step 5).

The full-thickness specimen is retrieved and processed for

histopathological examination. The endoscope is advanced

again to check the immediate success of the intervention.

For lesions in the proximal colon, guidewires and radio-

graphic imaging are used to facilitate the advance of the

FTRD�-mounted endoscope.

In our study, technical success was defined as reaching

the lesion, deploying the clip, and performing eFTR.

Clinical success was defined as histologically proven clear

resection margins (R0 resection) after eFTR.

Procedures and postprocedural management

All endoscopies were performed under moderate to deep

sedation with a non-anesthetist application of propofol

(NAAP) and using standard Olympus� equipment (Olym-

pus Medical Systems, Tokyo, Japan). Procedures were

carried out using carbon dioxide insufflation by three

experienced endoscopists who were certified in eFTR

(endoscopists are required to complete a thorough training

on animal models before using eFTR in a clinical setting).

Procedural single-shot intravenous antibiotics (broad-

spectrum cover for gram-negative and gram-positive bac-

teria) were administered in 55 of the 58 cases. The resec-

tion was performed either during a short hospital stay or on

an outpatient basis, depending on the difficulty of the

intervention itself, the patient’s age, and comorbidities.

Patients resumed a normal diet on the day after the

procedure.

Follow-up

All patients came for clinical follow-up. The histology of

the resected lesion determined the time to follow-up

endoscopy, in accordance with current national and inter-

national guidelines [21]. In cases of R0 resection without

evidence of carcinoma, the time to follow-up endoscopy

was 3–5 years. In cases of incomplete resection (R1), we

removed the clips after 4–6 weeks using a clip cutter

device (remOVE� OVESCO, Tübingen) and completed the

resection. In cases of T1 carcinoma requiring further

treatment, follow-up surgery was scheduled promptly.

Results

Patient characteristics, indications, and anatomic

sites for eFTR

Over a 4-year period (June 2012–October 2016), 60

patients underwent therapeutic eFTR at our institution. The

first eight cases were published previously in collaboration

with Schmidt et al. [19]. Patients were allocated to one of

the indication groups given in the methods section and

summarized in Table 1. Twenty-two patients (37%) had

polyps that were recurrent adenomas with a non-lifting

sign after previous incomplete polypectomy, while two

patients (3%) had adenomas with a primary non-lifting sign

on saline injection (Figs. 1A–D, 2A–D, supplemental

Fig. 6A–C). In ten cases (17%), eFTR was performed at

the non-lifting base after extensive piecemeal resection of a

spreading adenoma. Two polyps (3%) in a diverticulum

were resected using the FTRD� [17]. Four polyps (6.7%)

arising from the cecal appendix were treated with eFTR

(Fig. 3A–F). Five (8.3%) patients had submucosal lesions

and underwent eFTR (Fig. 4A–D); histopathological

examination of the full-thickness specimen of these sub-

mucosal lesions revealed three neuroendocrine tumors

(NETs), one gastrointestinal stromal tumor (GIST), and

one inflammatory fibroid polyp. Seven patients underwent

eFTR for early carcinoma (12%) (Fig. 5A–C) and six

patients (10%) had follow-up resection of a malignant

polyp. In two cases (3.3%), we conducted eFTR over

endoloop.

The anatomic resection sites were distributed as follows:

esophagogastric junction (2, 3.3%), stomach (3, 5%),

cecum (5, 8.3%), cecal appendix (4, 6.7%), ascending

colon (15, 25%), transverse colon (1, 1.7%), descending
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colon or sigmoid (16, 26.7%), and rectum (14, 23.3%), see

Table 1.

Procedures and success rates

We were able to reach the marked target lesion with the

FTRD�-mounted endoscope and perform eFTR (technical

success) in 97% of the cases. It was not possible to reach

the target lesion in two cases (3%). In one patient, the

endoscope could not be advanced far enough into the

ascending colon because of a fixed sigmoid. In the other

case, even dilation to 20 mm did not permit the scope to

pass a diverticular stricture of the sigmoid. On endoscopic

evaluation, full-thickness and en bloc resection was

achieved in 91.4% (53 cases), while it was not clear

whether the resection had been truly full-thickness in 5%.

Based on histopathological examination of the eFTR

specimen, full-thickness resection was achieved in 88%

(51/58). Complete (R0) resection was accomplished in

79% (46/58). The main reasons for incomplete (R1)

resections were eFTR of recurrent polyps with non-lifting

sign (n = 9), T1 tumors (n = 2), and submucosal tumors

(n = 1). In case of incomplete resection, the OTSC� was

removed and residual adenoma within the pseudopolyp was

resected using either an EMR or eFTR technique. The two

patients with incomplete resection and malignant tumor

had subsequent surgical resections. Interestingly, five of the

cases considered R1 on eFTR histology were restaged to

primary R0 resection on the basis of follow-up histology

(obtained either by follow-up endoscopic resection after

clip removal or by surgical resection). The re-allocation

based on follow-up histology improved the clinical success

rate to 88% (51/58).

The mean diameter of the resected specimens was

24 mm (range 10–35 mm). The median procedure time

was 60 min (range 15–177 min), see Table 2.

Adverse events and technical issues

There were four (7%) adverse events (two major, two

minor) related to the eFTR in our 58 patients. One patient

(2%) developed appendicitis of the residual cecal appendix

after eFTR of an adenoma within the proximal appendix.

Laparoscopic appendectomy of the residual appendix was

performed. Two weeks after eFTR, minor bleeding (he-

moglobin drop\2 g/l) occurred at the resection site. Sus-

tained hemostasis was achieved endoscopically after the

injection of saline-diluted epinephrine and the application

of a hemoclip. Another patient suffered from self-limiting

hematochezia after eFTR of a large rectal polyp (minor

bleeding). In one patient (2%), eFTR was performed

accidently without proper prior deployment of the OTSC�.

The 2.5-cm full-thickness defect was then closed using

three OTSC�s (one 14/6 t, two 11/6 t). Sufficient closure

was achieved as demonstrated by contrast-enhanced com-

puted tomography and the patient recovered fully. No

secondary perforation occurred after eFTR, as shown in

Table 2.

Malfunction of the resection snare occurred in 3(5%)

cases. For all three snare malfunctions, secondary complete

resection with a standard polypectomy snare during the

same endoscopy was achieved (Table 2). The adverse

events occurred evenly distributed among the chronologi-

cally listed cases suggesting no existence of a learning

curve for performing the procedure.

Follow-up and fate of the OTSC�

All patients attended clinical follow-up. The mean follow-

up time was 16 months (range 2–54 months). No adverse

events occurred during the follow-up period. There was no

recurrence of adenomatous tissue at the site of eFTR after

prior complete resection (R0) for those patients with an

available endoscopic follow-up (34/58, 59%). Placement of

the FTRD� clip usually resulted in a narrowing of the gut

lumen, but there was no clinically relevant stenosis. The

fate of 24 (41%) clips is unknown, as these patients have

not yet had follow-up endoscopy or imaging. Thirty-four

patients (59%) have undergone follow-up endoscopy to

Table 1 Characteristics of patients and lesions

Total number of patients, n 60

Total number of eFTR performed, n (%) 58 (97)

Age, mean (range), years 68 (38–88)

Indication for eFTR, n (%)

Recurrent adenoma/non-lifting sign 29 (48)

eFTR in addition to piecemeal resection 9 (15)

T1 carcinoma 6 (10)

Submucosal lesion 5 (8)

Adenoma involving appendix 4 (7)

Follow-up resection of malign polyp 4 (7)

eFTR over loop 2 (3)

Adenoma involving diverticulum 1 (2)

Diameter of resected specimen, mean (range), mm 24 (10–35)

Anatomic resection site (%)

Cardia 2 (3)

Stomach 3 (5)

Appendix 4 (7)

Cecum 5 (8)

Ascending colon 15 (25)

Transverse colon 1 (2)

Descending colon/sigmoid 16 (27)

Rectum 14 (23)
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date. Four (12%) of these 34 OTSC�s were still in place,

26 (77%) of the clips fell off spontaneously, three (9%)

were removed endoscopically, and one (3%) was removed

during secondary surgical resection, see Table 2.

Discussion

After the clinical introduction of endoscopic full-thickness

resection (eFTR), we present data from 60 patients in the

largest single-center cohort so far. Our data underline that

eFTR has become a valuable tool for various conditions

where classic endoscopic resection techniques such as

EMR and ESD have failed or were considered to be high

risk with respect to perforation. Compared to the presently

available possibilities to achieve endoscopic full-thickness

resection including NOTES and LAEFR-based techniques,

eFTR offers a much less sophisticated and

more timesaving procedure, which can be performed on an

outpatient basis in NAAP.

The FTRD� system is designed in such a way that it

allows complete and reliable closure of the GI wall by

applying an OTSC� immediately before snare resection of

the enclosed gut wall. In comparison with simple OTSC�

closure after full-thickness resection [15, 22, 23], no free

perforation of the gut occurred at any time during the eFTR

procedure.

There are several specific conditions, such as adenomas

at difficult anatomic sites, in which eFTR might be a

valuable alternative to prevent complication-prone and

expensive surgery. The risk of colonic perforation in case

of intra-diverticulum lesions [24, 25] is elevated during

standard polypectomy procedures due to the lack of a

muscular coat beneath the diverticulum. The same is true

for polypectomy within the cecal appendix; in the past,

therefore, these lesions have been managed by primary

Fig. 1 A Recurrent adenoma after prior polypectomy-induced

colonic perforation and subsequent OTSC� closure; B recurrent

adenoma after OTSC� removal; C eFTR specimen and removed

OTSC�; D resection site after eFTR, displaying peritoneal fatty tissue

within the deployed OTSC�
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laparoscopy [26, 27]. We have previously shown that the

FTRD� is a useful tool to avoid surgery under such con-

ditions [17].

Indications

The most frequent eFTR indications in our cohort were

adenomas with a primary non-lifting sign and recurrent

adenomas displaying a non-lifting sign after prior polypec-

tomy. The perforation rate of EMR and ESD in the case of

failed prior submucosal fluid injection increases up to nearly

15% [5, 6]. As the histology of such lesions is frequently not

conclusive prior to histopathological evaluation of the entire

specimen (high grade dysplasia (HGD), T1 carcinoma),

perforation additionally carries the risk of tumor cell seeding

into the peritoneal cavity. eFTR may offer an alternative

endoscopic treatment option for difficult, perforation-prone

lesions, as we did not observe any perforations or leaks in

our cohort after proper OTSC� deployment. The only per-

foration occurred in one of the first eFTR cases, when a

technical problem led to an incomplete OTSC� release prior

to eFTR. When the OTSC� was deployed correctly, we

observed no perforations on eFTR. However, prospective

controlled trials are needed to confirm these findings and to

decide whether EMR/ESD or eFTR is superior for such

perforation-prone lesions. This is most important for lesions

arising from the appendicular orifice given the fact that one

out of four patients developed post-interventional appen-

dicitis in our cohort. Yet, eFTR is less invasive than primary

surgical ileocecal resection requiring a sutured anastomosis

and may therefore be a valuable alternative to primary

surgical resection in selected patients with multiple

comorbidities. In case of a post-eFTR appendicitis, a less

invasive laparoscopic appendectomy may resolve the issue.

Fig. 2 A Recurrent colonic adenoma; B recurrent colonic adenoma in narrow band imaging (NBI); C marking of recurrent adenoma; D full-

thickness resection site with visible peritoneal fatty tissue and OTSC� in place
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Fig. 3 A Adenoma within cecal appendix; B adenoma is pulled into

the FTRD�; C resection site after endoscopic full-thickness resection

(eFTR) with OTSC� in place; D full-thickness resection specimen:

visible adenoma within cecal appendix; E resection specimen: visible

adenoma within cecal appendix; F eFTR of adenoma within residual

cecal appendix after a surgical appendectomy years ago. Visible

surgical staples in the endoscopic resection specimen

Surg Endosc (2018) 32:289–299 295
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However, this issue should be addressed in a controlled trial

versus standard surgery.

From our own experience and the experience of other

centers, we assume that only approximately 10% of the

patients undergoing eFTR of the appendicular orifice will

experience post-interventional appendicitis. Even in the

relatively rare event of post-eFTR appendicitis, a less

invasive laparoscopic appendectomy can permanently

resolve the issue.

Since the FTRD� offers a clip-before-resection tech-

nique, the theoretical risk of intra-abdominal tumor cell

seeding upon resection of malignant lesions is substantially

reduced. Alongside the treatment of adenomas displaying a

non-lifting sign in risky anatomic sites, eFTR might be

useful for further diagnostic reasons (depth of submucosal

infiltration and confirmation of complete resection, R0)

with T1 tumors, as well as being a therapeutic tool in low-

risk circumstances (well-differentiated tumor and submu-

cosal infiltration\1000 lm) and inoperable patients. In the

future, the FTRD� may also play a role in eFTR of selected

subepithelial lesions (e.g., NETs) of limited size and for

harvesting full-thickness specimens in the diagnostic

investigation of neurogenic GI diseases involving ganglia

cells, such as Hirschsprung’s disease.

Procedures

Our median procedure duration was 60 min, with a fairly

wide range. The longer procedure times were mostly due to

the time-consuming advancement of the FTRD�-fitted

endoscope to target lesions in more proximal anatomic

sites and not to the procedure itself. In addition to the

Fig. 4 A Rectal neuroendocrine tumor (NET) in endoscopic ultrasound; B the NET is pulled into the FTRD�; C full-thickness resection

specimen of the rectal NET; D full-thickness resection site with OTSC� in place
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relatively large FTRD� (outer diameter 21 mm) restricting

visibility, the plastic sleeve surrounding the endoscope and

the polypectomy snare makes advancing the endoscope

considerably more difficult. Accessing the target lesion

may be particularly challenging in the case of extensive

diverticulosis and gut strictures, proximal lesions, and fixed

colonic sections. Cecal intubation may be impossible with

the FTRD� in patients with extensive diverticulosis, as we

found in the two cases where we were unable to reach the

target lesion. Nevertheless, the technical success rate in our

cohort was 97%. In the case of a proximal colonic lesion,

after marking the lesion we placed a guidewire in the

cecum to facilitate re-endoscopy with the mounted

FTRD�. Technical success was always achieved if the

mounted FTRD� reached the target lesion.

Even though the primary use of the FTRD� is in the

lower GI tract, we successfully performed five eFTRs in

the upper GI tract. Due to the size of the FTRD� cap,

passage through the esophagus may cause local injury and

is only possible in a very select patient population with an

easy-to-pass upper esophageal sphincter. The manufacturer

has recently introduced a plastic cap with the exact

dimensions of the FTRD� to allow an endoscopic feasi-

bility trial.

Completeness of resection

Within our cohort, the rate of histologically clear resection

margins (R0 resection rate) was reasonably high at 79%

(46/58). This is in agreement with the previous dataset

published by Schmidt et al. [19]. However, in five cases

with primary R1 eFTR, follow-up histology revealed no

residual elements of the lesion, suggesting primary R0

Fig. 5 A Subcardial gastric carcinoma (T1b); B full-thickness

resection site with visible fatty tissue within the placed OTSC�;

C full-thickness resection specimen with malignant tumor

Table 2 Resections and follow-up

Technical success, n (%) 58 (97)

Median procedure duration, min (range) 60 (15–177)

Histology, n (%)

Full-thickness resection 51 (88)

Complete resection (R0) 46 (79)

Adverse events, n (%) 4 (7)

Major 2 (3)

Appendicitis 1 (2)

Incomplete OTSC deployment 1 (2)

Perforation/leak 0 (0)

Major bleeding ([Hb drop\2 g/l) 0 (0)

Minor

Minor bleeding (\Hb drop\2 g/l) 2 (3)

Technical issues, n (%) 4 (7)

Snare malfunction 4 (7)

Fate of OTSC, n (%)

Fate unknown 24 (41)

Fate known 34 (59)

Spontaneously fallen off 26 (77)

In place 4 (7)

Removed endoscopically 3 (5)

Removed upon surgery 1 (2)
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resection. The clinical success rate therefore improved to

88% (51/58) based on the follow-up histology of the eFTR

site (follow-up resection carried out either endoscopically

or surgically). We suggest that this discrepancy is due to

electrocautery damage of the eFTR specimen making it

difficult to assess whether the margins are clear. We

therefore consider that the clinical success rate might be

underestimated when based on the primary histology (R0

rate) after eFTR.

Interestingly, the rate of R0 resection was not as low as

expected in the adenoma piecemeal resection group. In this

particular group, clear resection margins were confirmed on

all histopathological specimens (9/9). On the other hand, R1

resections occurred predominantly in the non-lifting/recur-

rent adenoma group. In this group, 17% (4/24) were not R0.

The other two cases with R1 resection were a submucosal

tumor (one) and a T1 carcinoma (one).

Resection specimen

The main factor impeding full-thickness resection is an

inflexible GI wall preventing the retrieval of all wall layers

into the plastic cap of the FTRD�. This may be the case if

fibrosis and scarring are present in the lesion itself or in the

surrounding tissue. Due to its fixed retroperitoneal anatomy,

the rectum is also a site that presents difficulties in achieving

a full-thickness resection. In the case of a failed full-thick-

ness resection, the OTSC� may be removed endoscopically

and a second eFTR of the residual lesion may be attempted.

The median diameter of full-thickness specimens in our

cohort was 24 mm, ranging from 10 to 35 mm. This

median specimen diameter agrees with previous work by

Schmidt et al. Since the final diameter is determined by the

amount of tissue retracted into the plastic cap of the

FTRD�, the final sample size greatly depends on the tissue

properties of the target lesion and its surroundings. Com-

pared with healthy tissue (e.g., diagnostic eFTR), fibrotic

tissue and scarring will not allow a large sample size.

Fibrosis and chronic inflammation will not only reduce the

sample diameter but, in some cases, will also prevent a full-

thickness specimen. We were therefore not able to achieve

full-thickness resection in 12% (7) of the cases. However,

since six of these seven cases were patients with non-lifting

adenomas or recurrent adenomas after prior polypectomy, a

full-thickness resection including the deep muscle layers

and the serosa was not necessary.

Adverse events and technical issues

The overall adverse event rate in our patient population was

7% (4/58). The major adverse event was a full-thickness

resection following incomplete OTSC� release. The ensuing

perforation was then closed by applying three OTSC�s. A

second patient suffered from severe inflammation of the

appendix remaining after eFTR of a polyp arising from the

appendicular orifice. The patient recovered fully after laparo-

scopic appendectomy and endoscopic treatment of minor

bleeding from the resection site. These data suggest that eFTR

is a valuable option for well-chosen indications. Nevertheless,

it is an invasive method: the endoscopist needs to be aware of

this fact and ready to treat any adverse events that may occur.

The following adverse advents are theoretically possible:

(i) gut injury, ranging from mucosal laceration to perforation,

and bleeding caused by the plastic cap; (ii) tissue damage,

burns, bleeding, and even colonic gas explosion caused by the

resection snare; (iii) insufficiency of the OTSC� closure; (iv)

obstruction of the gut lumen; (v) injury or resection of sur-

rounding tissue or organs. It is likely that these adverse events

will occur if sufficiently large numbers of procedures are

performed. The even distribution among the chronologically

listed cases suggests no existence of a learning curve for per-

forming the procedure after proper training.

Fifty-five patients received at least a single-shot broad-

spectrum antibiotic during the procedure. Three patients did

not receive any procedural antibiotics. Except for the patient

who developed an acute inflammation of the appendix

remnant, there were no infections after eFTR. This fact

underlines that OTSC� closure is tight and a single shot of

antibiotics can prevent any theoretical bacterial infection

caused by the eFTR. Since the clip penetrates the gut wall

completely inmost cases, we recommend at least single-shot

antibiotic prophylaxis, although further studies are needed to

verify this recommendation.

Follow-up

After R0 polypectomy of adenomas, patients were scheduled

according to international guidelines for post-polypectomy

colonoscopy surveillance [21]. In the patients undergoing

follow-up endoscopy (59%), three-quarters of the OTSC�s

fell off spontaneously without causing any problems.

Removing the OTSC� by means of a clip cutter device is

endoscopically feasible, and was performed in cases of R1

resection in order to allow resection of remaining adeno-

matous tissue. However, clip removal is not necessary in the

majority of cases. For all patients undergoing eFTR for polyp

resection, no adenoma recurrence was observed in any

patient with an endoscopic follow-up at the eFTR site fol-

lowing an initial R0 resection.

Conclusions

In conclusion, after specific training, endoscopic full-

thickness resection is a feasible, safe, and promising

resection technique. It allows complete resection of lesions
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affecting layers of the gut wall beneath the mucosa, with-

out the risk of perforation. In the future, eFTR may become

a valuable alternative to a surgical approach in cases where

endoscopic resection was previously considered impossi-

ble. However, we feel that in the future, randomized con-

trolled trials are needed to confirm our results, including

the safety of the method. Introduction of this novel method

should be accompanied by a prospective registry to acquire

reliable information on the indication, outcome, and

adverse events.
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