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Abstract

Background Endoscopic submucosal resection with a
ligation device (ESMR-L) is effective for rectal neuroen-
docrine tumors (NETs); however, its effectiveness for
duodenal NETs is unclear. This study evaluated the effi-
cacy and safety of ESMR-L for duodenal NETs.

Methods A total of 32 consecutive patients with duodenal
NETSs were treated in our hospital between December 2010
and August 2015. Among these 32 patients, we retro-
spectively analyzed the data of all patients who underwent
ESMR-L for the treatment of duodenal NETs. ESMR-L
was considered for patients in whom (1) the lesion size was
<10 mm in diameter, (2) the lesion was located within the
submucosal layer, and (3) no lymph node metastasis or
distant metastasis was detected.

Results  Five patients underwent ESMR-L for the treat-
ment of duodenal NETs. The en bloc complete resection
rate was 100 %. The median procedure time for ESMR-L
was 15 min (range 10-30 min). In all patients, perforation
during and after the operation, and intraoperative bleeding
were not observed; however, one patient experienced
postoperative bleeding. During follow-up, no local recur-
rence or distant metastasis was noted in any of the patients.
Conclusion ESMR-L is feasible, effective, and safe for
duodenal NETs measuring <10 mm in diameter that are
confined to the submucosal layer without metastasis.
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Treatment for duodenal neuroendocrine tumors (NETS)
typically involves surgical resection or endoscopic resec-
tion, including endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) [1]. However,
surgical resection is invasive, and EMR and ESD are
associated with a high rate of perforation [2, 3].

Endoscopic submucosal resection with a ligation device
(ESMR-L) has been reported to be effective for the treat-
ment of rectal NETs [4, 5]; however, few reports exist on
the safety and efficacy of ESMR-L for the treatment of
duodenal NETs. Therefore, in the present retrospective
study, we evaluated the efficacy and safety of ESMR-L for
the treatment of duodenal NETs.

Patients and methods

A total of 32 consecutive patients with duodenal NETs
were treated in our hospital between December 2010 and
June 2015. Among these 32 patients, we retrospectively
analyzed the data of all patients who underwent ESMR-L
for the treatment of duodenal NETs. All patients were
examined with endoscopy and endoscopic ultrasonography
(EUS) before undergoing ESMR-L. Additionally, abdom-
inal computed tomography was performed to rule out
metastatic lesions. ESMR-L was considered for patients in
whom (1) the lesion size was <10 mm in diameter, (2) the
lesion was located within the submucosal layer, and (3) no
lymph node metastasis or distant metastasis was detected.

The patients’ characteristics, clinical courses, and
adverse events, such as perforation and bleeding, were
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assessed. The resected specimens were cut into 2-mm sli-
ces after formalin fixation and were stained with hema-
toxylin and eosin. They were then examined
microscopically for depth of invasion, lateral and vertical
resection margins, and lymphovascular invasion. Histo-
logical diagnosis was performed according to the classifi-
cation system of the World Health Organization. Complete
resection was histopathologically defined as no lateral and
vertical margin involvement of the resected tumor.

The study protocol was approved by the medical ethics
committee of our hospital, and written informed consent was
obtained from all the patients before ESMR-L was per-
formed. This study was performed in accordance with the
ethical principles outlined in the Declaration of Helsinki.

ESMR-L procedure

ESMR-L was performed as described previously. All
patients received 35 mg pethidine hydrochloride and
2-3 mg midazolam before starting ESMR-L to reduce the
discomfort associated with the procedure. A conventional
single-channel endoscope (GIF-Q260J; Olympus Medical
Systems, Tokyo, Japan) with an attached band-ligator
device (MD-48710 EVL Device, Sumitomo Bakelite Co.
Ltd, Tokyo, Japan) was used for the procedure. First, saline
solution was injected beneath the tumor in the submucosal
layer, and then, the tumor was aspirated into the ligator
device, followed by deployment of the elastic band.
Thereafter, snare resection was performed below the band
by using a blended electrosurgical current. Finally, the
tumor was removed by aspirating it into a cap or retrieving
it with grasping forceps (Fig. 1).

Results

Five patients (4 men and 1 woman) underwent ESMR-L
for the treatment of duodenal NETs. The median age of the
patients was 68 years (range 55-80 years). Tumors were
located in the duodenal bulb in four patients and the
descending portion in one patient, and the median diameter
of the tumors was 9 mm (Table 1).

The median procedure time for ESMR-L was 15 min
(range 10-30 min). All tumors were located in the sub-
mucosal layer, and the pathological diagnoses were NET
Gl in four patients and NET G2 in one patient. The en bloc
complete resection rate was 100 %. The median hospital-
ization duration was 5 days (range 3-11 days), and the
median follow-up period after ESMR-L was 22 months
(range 8-57 months). During follow-up, no local recur-
rence or distant metastasis was noted in any of the patients
(Table 2). Regarding complications, postoperative bleed-
ing occurred in one patient; however, bleeding was

successfully managed with endoscopic hemostasis, and no
blood transfusion was necessary. Perforation during and
after the operation, and intraoperative bleeding were not
observed in any of the patients (Table 3).

Discussion

In the present study, ESMR-L was feasible and successful
for the treatment of duodenal NETs. Perforation during and
after the operation, and intraoperative bleeding did not
occur in any of the patients. Postoperative bleeding
occurred in only one patient; however, bleeding was suc-
cessfully managed with endoscopic hemostasis, and no
blood transfusion was necessary.

Duodenal NETs are rare and account for approximately
15 % of all gastrointestinal NETs [6]. Burke et al. [7]
reported that involvement of the muscularis propria, tumors
over 20 mm in diameter, and the presence of mitotic fig-
ures are associated with a high risk of metastasis. Soga [6]
reported that the metastatic rates of duodenal NETs are
proportional to their size; the rate was 8.3 % for tumors
<5 mm in diameter, and 10.5 % for tumors between 5.1
and 10 mm in diameter. However, Zyromski et al. [8]
reported a recurrence rate of 0 % in patients with tumors
<2 cm in diameter, who underwent local excision. Thus,
there has been no consensus regarding the relationship
between the tumor diameter and the rate of occurrence of
lymph node metastasis. European guidelines recommended
that duodenal carcinoids <10 mm in diameter confined to
the submucosa as seen on EUS should be treated with
endoscopy in the absence of apparent lymph node invasion
and distant metastases [9]. Therefore, if a duodenal NET
measuring <10 mm in diameter is identified within the
submucosal layer on EUS and no metastasis is noted on
computed tomography, endoscopic resection can be con-
sidered as a treatment option.

Endoscopic resection has been reported to be safe, less
invasive, and effective for the treatment of duodenal NETs
measuring <10 mm in diameter, with no evidence of
invasion of the muscle layer on EUS [10]. However,
endoscopic treatment of duodenal lesions is associated with
a high incidence of complications, because of the poor
operability of lesions in this region using a scope and the
thinness of the duodenal wall [11]. En bloc resection is
recommended for duodenal NETs because it enables
accurate pathological assessment of the vertical and lateral
margins of the resected lesions [12]. The pathological
complete resection rate is lower with EMR than with ESD,
and EMR is sometimes associated with margin involve-
ment and crush injury of the resected tumor, which leads to
difficulty in pathological evaluation [13, 14]. Kim et al.
reported that the pathological complete resection rate of

@ Springer



Surg Endosc (2016) 30:3928-3932

Fig. 1 A A neuroendocrine tumor is seen in the duodenal bulb.
B Saline solution is injected beneath the tumor in the submucosal
layer. C The tumor is aspirated into the ligator device, followed by
deployment of the elastic band. D Snare resection is performed below

Table 1 Patients’ characteristics (n = 5)

Parameter Value

Sex

Male, n (%) 4 (80)
Female, n (%) 1 (20)
Age, median (range), years 68 (55-80)
Location, n (%)

Duodenal bulb 4 (80)
Descending portion 1 (20)
Size, median (range) (mm) 9 (4-10)

duodenal NETs was only 56 % with EMR, in spite of a
high endoscopic complete resection rate (89 %) [15].
Shroff et al. reported that 40 % of duodenal NETs had
positive margins following EMR [16]. Therefore, ESD may
be preferable for the endoscopic treatment of duodenal
NETs. However, ESD for duodenal tumors is technically
difficult and the duodenal wall is thin; therefore, duodenal
ESD requires a long procedure time and has a high risk of
perforation. Suzuki et al. [17] reported that perforation
occurred in 2 of 3 patients during ESD for duodenal NETs.
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the band by using a blended electrosurgical current, and the tumor is
then removed by aspirating it into a cap. E The lesion is completely
removed. F The surface of the resected tumor is seen

Additionally, Matsumoto et al. reported that perforation
occurred in 2 of 5 patients during ESD for duodenal NETs;
one patient was treated with simple closure after ESD, and
the other underwent local excision after discontinuing ESD
[3]. These authors reported a mean resection time of
96.2 = 54.5 min [3]. In contrast, a significantly deeper
vertical resection margin and, theoretically, a higher rate of
curative resection can be achieved with ESMR-L than with
EMR [4]. Additionally, in our patients, the median proce-
dure time was 15 min and no perforations were noted.
Therefore, ESMR-L is superior to ESD in terms of pro-
cedural simplicity and the occurrence of perforations.
The limitations of this study include its single-center
retrospective design, the small number of patients, and the
inadequate follow-up period. Furthermore, this was a non-
comparative study without the inclusion of controls or
randomization, and the follow-up period was short. Studies
with a long follow-up period are needed to rule out
metastasis. Nonetheless, this study showed the effective-
ness and safety of ESMR-L for the treatment of duodenal
NETs. The en bloc complete resection rate was 100 %.
Perforations during and after the operation, and intraoper-
ative bleeding were not observed in any of the patients, and
postoperative bleeding occurred in only one patient.
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Table 2 Characteristics of the five patients who underwent ESMR-L
Case Age  Sex Location Size  Depth Histology Procedure En bloc  Complication Postoperative  Follow-
number (year) (mm) time complete hospital stay  up
(min) resection (days) duration
after
ESMR-L
(months)
1 55 Male Bulb, 9 SM NET G1 25 Yes - 5 57
anterior
2 68 Female Bulb, 6 SM NET G1 15 Yes - 5 43
anterior
3 80 Male Bulb, 9 SM NET G2 15 Yes - 3 22
superior
4 67 Male Descending 10 SM NET G1 10 Yes Postoperative 11 10
portion, bleeding
superior
5 68 Male Bulb, 4 SM NET G1 30 Yes - 5 8
inferior

ESMR-L endoscopic submucosal resection with a ligation device, SM submucosal, NET neuroendocrine tumor

Table 3 Safety of ESMR-L (n = 5, total five sessions)

Parameter Value
Procedure time, median (range) (min) 15 (10-30)
Hospitalization duration, median (range) (days) 5 (3-11)
Adverse events, n (%)

Intraoperative perforation 0 (0)
Postoperative perforation 0 (0)
Intraoperative bleeding 0 (0)
Postoperative bleeding 1 (20)

ESMR-L endoscopic submucosal resection with a ligation device

Additionally, there was no recurrence of a duodenal NET
after ESMR-L.

In conclusion, ESMR-L is feasible, effective, and safe
for the treatment of duodenal NETs. ESMR-L could be
used for treating patients with duodenal NETs measuring
<10 mm in diameter that are confined to the submucosal
layer without metastasis.
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