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Abstract

Exposed endoscopic full-thickness resection (EFTR), with or without laparoscopic
assistance, is an emergent natural orifice transluminal endoscopic surgery
technique with promising safety and efficacy for the management of gastro-
intestinal submucosal tumors (SMTs) arising from the muscularis propria (MP),
especially of the gastric wall. To date, evidence concerning duodenal exposed
EFTR is lacking, mainly due to both the technical difficulty involved because of
the special duodenal anatomy and concerns about safety and effectiveness of
transmural wall defect closure. However, given the non-negligible morbidity and
mortality associated with duodenal surgery, the recent availability of dedicated
endoscopic tools for tissue-approximation capable to realize full-thickness defect
closure could help in promoting the adoption of this endosurgical technique
among referral centers. The aim of our study was to review the current evidence
concerning exposed EFTR with or without laparoscopic assistance for the
treatment of MP-arising duodenal SMTs.

Key Words: Endoscopic full-thickness resection; Exposed endoscopic full-thickness
resection; Laparoscopy-assisted endoscopic full-thickness resection; Duodenal submucosal
tumors; Novel oral transluminal endoscopic surgery
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Core Tip: Exposed endoscopic full-thickness resection (EFTR) is a promising
minimally invasive alternative to surgery for the removal of gastrointestinal
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submucosal tumors (SMTs) originating from the muscularis propria. To date, evidence
concerning duodenal exposed EFTR is lacking, mainly due to both the technical
difficulty and concerns about an effective closure of the transmural defect. However,
given the non-negligible morbidity and mortality associated with duodenal surgery, the
recent availability of dedicated endoscopic devices able to achieve a full-thickness
defect closure could help in overcoming these concerns. Our study aimed to review the
current evidence regarding exposed EFTR for deep duodenal SMTs.

Citation: Granata A, Martino A, Zito FP, Ligresti D, Amata M, Lombardi G, Traina M. Exposed
endoscopic full-thickness resection for duodenal submucosal tumors: Current status and future
perspectives. World J Gastrointest Endosc 2022; 14(2): 77-84

URL: https://www.wjgnet.com/1948-5190/full/v14/i2/77.htm

DOI: https://dx.doi.org/10.4253/wjge.v14.i2.77

INTRODUCTION

Though relatively infrequent, the diagnosis of duodenal submucosal tumors (D-SMTs)
has increased due to the widespread use of gastrointestinal endoscopy(1,2]. D-SMTs
originating from the submucosa and from the muscularis propria (MP) include lesions
with malignant potential, such as gastrointestinal stromal tumors (GISTs) and
neuroendocrine tumors (NETs)[3,4].

According to current guidelines, either suspected or histologically proven GISTs
larger than 20 mm in diameter or with high-risk endoscopic ultrasonography (EUS)
features (i.e., irregular borders, cystic spaces, ulcerations, echogenic foci and hetero-
geneity) should be removed with histologically negative margins. Given the limited
intramural extension of GISTs and their rare lymph node involvement, surgical local
resection without additional lymphadenectomy is currently regarded as the gold
standard of treatment[4-6]. Furthermore, resection of gastric NETs > 10 mm in
diameter is recommended, while all duodenal NETs should be excised, regardless of
their size[7]. However, traditional duodenal surgery, such as open pancreaticoduoden-
ectomy (PD), carries a significantly higher risk of morbidity and mortality compared to
that for other gastrointestinal (GI) sites[8]. Moreover, various types of laparoscopic
limited resection of the duodenum have been reported, including laparoscopic wedge
resection, laparoscopic and endoscopic cooperative surgery, and laparoscopic
segmental duodenectomy[9,10]. Though less invasive, they are technically challenging
due to the retroperitoneal anatomical location of the duodenum and its intimate
relationship with the pancreas, ampulla of Vater, and distal common bile duct. Thus,
conversion to PD may be required[11].

In this setting, endoscopy may offer the chance for a minimally invasive curative
approach for D-SMTs. Safe and effective removal of small D-SMT without invol-
vement of the MP by means of endoscopic mucosal resection (EMR) has been reported
[4]. Furthermore, though endoscopic submucosal dissection (ESD) within the
duodenum is not routinely recommended due to high risk of perforation, its adoption
for the treatment of duodenal lesions has been reported, with good outcomes across
referral centers[12-14]. However, MP-originating D-SMTs cannot be completely
removed by means of EMR or ESD, due to both MP layer involvement and adherence
to serosa. ESD-assisted exposed endoscopic full-thickness resection (EFTR) is a scarless
natural orifice transluminal endoscopic surgery (NOTES) procedure with a reported
good safety and efficacy profile, particularly for the treatment of MP-originating
gastric submucosal tumors (G-SMTs)[15,16]. However, there is a lack of evidence
regarding duodenal exposed EFTR, due to technical difficulty related to the complex
duodenal anatomy and concerns about a safe and effective closure of the transmural
defect[17]. Nevertheless, duodenal perforation is associated with higher morbidity and
mortality compared with those occurring within other GI sites[18].

The aim of our study was to review the current evidence concerning exposed EFTR
with or without laparoscopic assistance for the treatment of MP-originating D-SMTs.
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LITERATURE SEARCH

A literature search by using PubMed (MEDLINE) and EMBASE for the period January
1998 (the year EFTR was first reported) to February 2021 was undertaken in order to
identify relevant studies on duodenal ESD-assisted exposed EFTR, with or without
laparoscopic assistance. The search strategy usedthe following terms: "Endoscopic full-
thickness resection," “EFTR,” “exposed endoscopic full-thickness resection,”
“laparoscopy assisted endoscopic full-thickness resection,” and “LAEFR.” The
literature search was limited to human studies and English language. Meeting
abstracts were excluded. Articles reporting on both LECS procedures, in which tumor
resection is mainly performed surgically, and non ESD-assisted EFTR were also
excluded from the current review. The references of review articles and relevant
papers were hand-searched to identify any additional studies.

ROLE OF EXPOSED EFTR IN THE MANAGEMENT OF MP-ORIGINATING
D-SMTS

Technique

Exposed EFTR is a “cut then close” technique carrying out full-thickness excision with
the creation of an intentionalperforation, followed by wall defect suture. Thus, the
term “exposed” is derived from the temporary peritoneal exposure to the GI contents
[19].

The exposed EFTR technique was first described by Ikeda et al[20] in a porcine
stomach in 2006[20], and finally translated into clinical practice by Zhou et al[21] a few
years later[21]. The principal procedures of ESD-assisted exposed EFTR are as follows
[4]: (1) Circumferential mucosal and submucosal incision around the lesion by means
of typical ESD technique; (2) Muscular and serosal incision, pursuing an active
perforation; and (3) Endoscopic closure of the resulting transmural wall defect. Altern-
atively, post-EFTR defect closure by means of laparoscopic hand-suturing has been
reported in the laparoscopy-assisted endoscopic full-thickness resection (LAEFR)[22].

The exposed ESD-assisted EFTR without laparoscopic assistance technique is
illustrated in Figure 1.

Evidence

In 2012, Abe et al[22] reported the first case of LAEFR for a 10 mm carcinoid tumor of
the duodenal bulb. Resection with histologically negative margins was accomplished,
and the duodenal post-EFTR wall defect was sutured laparoscopically by means of an
Albert anastomosis. No major adverse events were reported. Of note, during the same
operative session laparoscopic lymphadenectomy was done before the EFTR, with
intra-operative histological examination showing the absence of metastatic tumor cells
[23].

In a multicenter prospective cohort study enrolling 42 patients undergoing
gastrointestinal exposed EFTR, five procedures performed for SMTs located in the
duodenal bulb were also included. The resulting post-EFTR transmural defect was
effectively closed by the application of pursestring sutures with nylon loops and clips
in all cases, and no major adverse events were observed[24].

A large retrospective study evaluated the efficacy and safety of exposed EFTR
without laparoscopic assistance in 32 patients with non-ampullary MP-arising
duodenal SMTs. With regard to post-EFTR defect closure, various endoscopic
techniques were adopted (Table 1). In one case, endoscopic closure of a 2.5 cm post-
EFTR defect located at the anterior wall of the bulb-descending junction appeared
technically unfeasible; thus, conversion to open surgery was undertaken, with
successful defect suture. Complete resection was achieved in all cases, and no
recurrence was observed during a mean follow-up period of 38 mo. The occurrence of
major adverse events was reported in two of 32 procedures. A case of EFTR performed
for a 2.5 cm lesion in the anterior wall of the bulb-descending junction with defect
closure by means of endoloops and clips was complicated by delayed perforation.
Laparoscopic exploration with drainage tube placement was performed, and the
patient was discharged on post-operative day 6. Finally, in a male patient aged 81,
with a history of chronic obstructive pulmonary disease post-operative decline in
blood oxygen saturation was observed. The patient was transferred to the intensive
care unit and successfully treated conservatively[25].
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Table 1 Summary of studies reporting on duodenal endoscopic submucosal dissection-assisted exposed endoscopic full-thickness resection

q Mean Mean Mean
Study Lesions Mean size Surgical operation poLOS follow-up
Ref. . ’ (range), Site RO Histology . Closure method . Major AEs Recurrence
design n om conversion time (range), (range), (range),
min days months
Abeetal CR 1 1.0 Bulb: Anterior wall Carcinoid 0 Laparoscopic hand- 200 0 7 - -
[23], 2012 suturing
Qiaoetal R 5 - Bulb - - 0 EPSS - 0 45 12 0
[24], 2018
Renetal R 32 1.2 Bulb: Anterior wall (n= 32 GIST (n=14); NET (n = 2 Clips (1 = 6); Clips + - Delayed 6.2 (2-19) 38 (14-73) 0
[25], 2019 (0.5-3.0) 21); posterior wall via (n 4); Heterotopic pancreas ( endoloops (1 = 20). Clips + perforation (n =
= 1); Bulb-D2 junction: n =11); Leiomyoma (n = endoloops + fibrin glue (n 1); SO2 decline (n
Anterior wall (n = 8); D2 2); Lipoma (n = 1) =4); ESS (n=1) =1)
=2
Yuanetal CR 1 2.0 Bulb 1 GIST 0 [EESS) 55 0 4 3 0
[26], 2019
Granataet R 2 24 Bulb: Anteriorwall (n= 2 GIST (n=1);NET (n=1) 0 ESS 293 (145-148) 0 3.5 (3-4) 15 (12-18) 0
al[27], (1.8-3.0) 1); inferior wall (n = 1)
2021

AEs: Adverse events; poLOS: Post-operative length of stay; CR: Case report; R: Retrospective; D2: Descending duodenum; GIST: Gastrointestinal stromal tumor; NET: Neuroendocrine tumor; SO2: Oxygen saturation; EPSS: Endoscopic
purse-string suture; ESS: Endoscopic suturing system.

In 2019, Yuan et al[26] reported a case of successful exposed EFTR without laparo-
scopic assistance performed for a 20 mm duodenal bulb low-grade GIST. The resulting
transmural wall defect was effectively closed with endoloops and endoclips using the
purse-string suture technique. R0 resection was achieved, no major adverse events
were observed, and the patient was discharged home on post-operative day 4[26].

Finally, in a recent retrospective case series from Italy, two exposed EFTR
procedures of the duodenal bulb were reported. Wall defect closure was successfully
performed by means of the OverStitch Endoscopic Suturing System (Apollo
Endosurgery, Austin, Texas, United States). Histological examination showed free
resection margins in both cases (1 NET, 1 GIST) and no major adverse events were
encountered[27].

Results of the included studies in which duodenal ESD-assisted exposed EFTR was
performed are summarized in Table 1.
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Figure 1 Duodenal exposed endoscopic full-thickness resection without laparoscopic assistance with defect closure using endoscopic
suturing system. A: Endoscopic view of a submucosal lesion located in the duodenal bulb; B: Circumferential mucosal and submucosal incision; C: Exposed
endoscopic full-thickness resection of the tumor and creation of “active perforation”; D: Transmural defect of the duodenal bulb; E: Full-thickness defect closure by
means of OverStitch endoscopic suturing system; F: Endoscopic view of the resection site on post-operative day 60.

CONCLUSION

To date, the optimal resection modality for the treatment of MP-originating D-SMTs
has not been established. PD carries a high rate of morbidity[8,11], while pancreas-
preserving limited duodenal resection techniques are technically challenging, with a
non-negligible rate of conversion to PD[9,11]. Furthermore, both EMR and ESD
techniques are technically unsuitable for the complete resection of D-SMTs arising
from the MP and adhering to the serosa layer, being limited to mucosal and
submucosal layer, respectively. Intriguingly, non-exposed EFTR have been proposed
for the resection of deep D-SMTs, with promising outcomes[28]. With the use of this
“close then cut” technique, the lesion is resected after the GI wall patency is secured by
creation of full-thickness wall duplication. Non-exposed EFTR can be realized with the
use of a dedicated full-thickness resection device (FTRD; Ovesco Endoscopy,
Tuebingen, Germany), consisting of an over-the-scope clip (OTSC) preloaded into a
cap with an integrated snare. Alternatively, the application of an OTSC (OTSC, Ovesco
Endoscopy GmbH, Tuebingen, Germany; Padlock Clip, Aponos Medical, Kingston,
NH, United States) is followed by excision of the created pseudopolyp by the use of a
snare or a needle knife. Non-exposed EFTR provides the potential avoidance of both
peritoneal dissemination of tumor cells and extraluminal spillage of gastrointestinal
content. In addition, this approach is technically much easier and faster to perform.
However, this technique has a lower RO resection rate than exposed EFTR. This is
probably due to the technical unfeasibility of a “real-time” and direct visualization of
the circumferential cutting margins. Furthermore, OTSC cannot be repositioned after
its deployment, and non-exposed EFTR is reserved for smaller lesions (< 25 mm)[19,
28].

In this scenario, ESD-assisted exposed EFTR with or without laparoscopic assistance
could replace traditional surgery for the radical treatment of select cases of deep D-
SMTs. However, evidence concerning the use of this NOTES procedure for D-SMTs is
lacking. Traditionally, the duodenum has been considered a “forbidden” zone for
exposed EFTR mainly due to technical difficulties related to complex anatomic
relationships with surrounding organs and vessels, a narrow lumen, and a “C-loop,”
resulting in troublesome maintenance of the desired endoscope position. Hence,
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concerns about an effective and reliable post-EFTR transmural defect closure must be
raised.

Delayed perforation of the duodenum is associated with higher morbidity and
mortality than other GI sites[8]. However, the recent development of dedicated
endoscopic devices for tissue-approximation capable of achieving a full-thickness
“surgical-quality” defect closure, such as the OverStitch Endoscopic Suturing System
and OTSC systems, could help in overcoming these concerns[29,30].

In our opinion, a step-up approach with exposed EFTR as the first-line of treatment
for selected deep D-SMTs appears particularly intriguing. Its adoption should be
reserved for non-periampullary MP-originating D-SMTs up to 30 mm in diameter and
without predominant extraluminal growth pattern, and limited to highly experienced
centers. Full-thickness closure of the post-EFTR wall defect is strongly advised.

High morbidity and mortality associated with duodenal surgery justify active
research in this field. Further large prospective studies in high-volume referral centers
are needed to better clarify the role of exposed EFTR with or without laparoscopic
assistance for the treatment of MP-arising D-SMTs.
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