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Abstract

Background and aims Non-ampullary duodenal laterally spreading tumors (NAD-LSTs) mimic the morphological features
and natural history of colorectal LSTs, even achieving a large size but lacking invasive behavior; thus, they are suited for
endoscopic resection (ER). At present, the endoscopic therapeutic approach in NAD-LSTs has not been clearly established.
The aim of this study was to evaluate the efficacy and safety of ER for NAD-LSTs and to evaluate the risk factors for delayed
perforation after ER of NAD-LSTs.

Patients and methods A total of 54 patients with 54 NAD-LSTs treated with ER at the Chinese PLA General Hospital
between January 2007 and January 2018 were retrospectively analyzed. Data on patient demographic, clinicopathological
characteristics of the lesions, outcomes of ER, and results of follow-up endoscopies were collected.

Results The mean (SD) lesion size was 26.9 mm (8.5). Endoscopic mucosal resection (EMR) was performed in 21 lesions,
and endoscopic submucosal dissection (ESD) was performed in 33 lesions. RO resection was achieved in 93.9% of the
ESD group and 38.1% of the EMR group (p =0.000). Delayed bleeding was noted in two patients. Delayed perforation was
identified in four patients. The incidence of delayed perforation showed a significant association with post-ampullary tumor
location (p =0.030). Follow-up endoscopy was performed in all cases with a mean (SD) period of 22.1 months (8.2), and
local recurrence was identified in four cases after piecemeal EMR.

Conclusions ER of NAD-LSTs is a feasible and less invasive treatment. However, ER of NAD-LSTs is associated with seri-
ous adverse events such as delayed perforation, especially in patients with lesions located distal to Vater’s ampulla.

Keywords Endoscopic resection - Non-ampullary duodenal laterally spreading tumors - Delayed perforation

With the increasing use of upper endoscopy, increasingly
more non-ampullary superficial duodenal tumors (NASDTs)
are found in asymptomatic patients [1, 2]. There are vari-
ous morphological types of NASDTs, of which a subgroup
extends laterally and circumferentially rather than vertically
along the lumen [3, 4]. These tumors mimic the morphologi-
cal features and natural history of colorectal laterally spread-
ing tumors (LSTs), even achieving a large size but lacking
invasive behavior; thus, they are suited for less invasive
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therapies, including endoscopic resection (ER) [3-5]. ER
of NASDTs by endoscopic mucosal resection (EMR) is tech-
nically easy and with low rates of procedure-related adverse
events; however, it is difficult to achieve en bloc resection
of lesions > 20 mm [6]. Endoscopic submucosal dissection
(ESD) to remove NASDTSs can enable en bloc resection
regardless of tumor size, allowing accurate pathological
evaluation and preventing residual disease and local recur-
rence. However, ESD is more technically demanding and
carries more adverse events in NASDTs [7]. At present, the
endoscopic therapeutic approach in non-ampullary duodenal
LSTs (NAD-LSTs) has not been clearly established. The aim
of this study was to evaluate the efficacy and safety of ER
for NAD-LSTs and to evaluate the risk factors for delayed
perforation after ER of NAD-LSTs.
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«Fig. 1 A A 25 mmx20 mm laterally spreading adenoma located at
the lateral wall of the second part of the duodenum; B-D the lesion
was removed en bloc by endoscopic submucosal dissection (ESD); E
the margin of mucosal defect after duodenal ESD was closed using
multiple clips; F follow-up endoscopy after 2 years, showing no evi-
dence of recurrence at the original tumor site

Patients and methods
Patients

This retrospective study was carried out at the Chinese PLA
General Hospital. Between January 2007 and January 2018,
a total of 54 lesions in 54 patients were diagnosed as NAD-
LSTs. They were all treated with ER and enrolled in the
study. The selection of ER techniques was determined by the
endoscopists during the procedure. In this study, NAD-LSTs
were defined as (1) superficial duodenal tumors not involv-
ing the papilla; (2) lesions > 10 mm in diameter and extend-
ing laterally and circumferentially, rather than vertically,
along the interior luminal wall of the duodenum. Patients
with ampullary or periampullary tumors as well as familial
adenomatous polyposis (FAP) were excluded from the study.
Data on patient demographic, clinicopathological character-
istics of the lesions, outcomes of ER, and results of follow-
up endoscopies were collected. The study was approved by
our hospital ethics committee, and written informed consent
was obtained from all the patients.

Technique

All the ER procedures were performed with the patient
under general anesthesia with endotracheal intubation.
Intravenous hyoscine (10-20 mg) was given during the ER
procedure to limit intestinal contraction. Lesion size was
assessed by an open polypectomy snare placed adjacent to
the lesion. All duodenal ER procedures were performed by
2 experienced interventional endoscopists. We used a duo-
denoscope (TJF-260V, Olympus, Tokyo, Japan) for lesions
located at the anteromedial wall of the duodenum and a
therapeutic gastroscope with a water-jet system (GIF-Q260J,
Olympus, Tokyo, Japan) for lesions located on the lateral or
posterior wall. Normal saline solution with dilute epineph-
rine (1 in 10,000) and indigo carmine was usually added as
the submucosal injection solution to elevate the lesion, and
sodium hyaluronate was added to the injection solution when
mucosal elevation was insufficient.

For the EMR procedure, submucosal injection solution
was injected into the underlying submucosal layer to ele-
vate the lesion. The lifted lesion was then isolated using
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a snare (ASM-1-S, COOK, USA). Before resection, the
endoscopists should confirm that the muscularis propria and
deeper layers had not been ensnared.

For the ESD procedure, a transparent hood (D-201-
11802, Olympus, Tokyo, Japan) was placed on the tip of the
endoscope to obtain a satisfactory view during ESD. The
circumferential submucosal incision was performed using
an electrosurgical knife after submucosal injection. After
mucosal incision, direct dissection of the submucosal layer
in direct vision was performed. In duodenal ESD, we prefer
a short needle-type electrosurgical knife, such as the Dual
knife (KD-650U, Olympus, Tokyo, Japan), which facilitates
easy mucosal incision and submucosal dissection processes
in the duodenum (Fig. 1).

After removing the lesion, electrosurgical hemostatic
forceps (FD-410LR, Olympus, Tokyo, Japan) were used
on the mucosal defect to prevent and control bleeding. The
hemostatic forceps should be slightly pulled away from the
muscle layer before coagulation to prevent electrical injury
of the thin muscle layer. Conventional clips were used to
attempt to close the mucosal defect to prevent postoperative
bleeding and perforation.

Histopathological evaluation

All the resected specimens were fixed in 10% buffered for-
malin. Histopathologic type, lesion size, depth of invasion,
tumor involvement in the lateral and vertical margins and
lymphovascular invasion were evaluated.

Postoperative treatment and follow-up

All patients were fasted and administered an intravenous
proton pump inhibitor (PPI) and octreotide for 72 h. Dur-
ing hospitalization, endoscopy was not routinely performed
to check for the formation of ulcers after ER. The patients
were closely observed for the prevention of delayed bleed-
ing or perforation by the evaluation of factors such as stool
color and abdominal signs and symptoms. If the patients
were healthy at this stage, they were discharged with a high
dose of oral PPI for 8—10 weeks. Follow-up endoscopy with
biopsy were performed 3, 6, and 12 months following ER
and every year thereafter to evaluate local recurrence.

Definition of terms

En bloc resection was defined as a lesion resected in a single
piece and not piecemeal. RO resection was defined as en
bloc resection with the lateral and vertical margins free of
tumor. Delayed bleeding was defined as bleeding requiring
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blood transfusion or an emergency endoscopic hemostatic
procedure after the ER procedure. Delayed perforation was
defined as free air detected on a plain radiograph or com-
puted tomography (CT) performed after the ER procedure.
Local recurrence was defined as identifying regrowth at the
original tumor site during the follow-up period. The follow-
up period was defined as the interval between the date of
resection and the most recent endoscopic examinations.

Statistical analyses

Statistical analysis was performed using SPSS software (ver-
sion 25; IBM, Armonk, NY). Quantitative data are expressed
as the means + standard deviations (SDs) or medians with
ranges. Qualitative data are presented as proportions. Con-
tinuous variables were compared using Student’s ¢ test or the
Mann—Whitney U test. Categorical variables were compared
using the Chi-square test or Fisher’s exact test. Two-sided p
values < 0.05 were considered statistically significant.

Results
Patient and lesion characteristics

There were 54 NAD-LSTs from 54 patients in the study. The
mean (SD) age was 54.1 years (12.4). The number of male
and female patients was 29 and 25. The mean (SD) lesion
size was 26.9 mm (8.5). Lesions were principally located
at the second portion of the duodenum (70.4%). The most
common Paris classification was 0-Ila (53.7%). The distribu-
tion of histological types was as follows: adenoma, 9 cases
(16.7%); low grade intraepithelial neoplasia (LGIN), 15
cases (27.8%); high grade intraepithelial neoplasia (HGIN),
28 cases (51.8%); intramucosal adenocarcinoma, 2 cases
(3.7%) (Table 1).

Outcome of EMR and ESD

EMR was performed in 21 lesions, and ESD was performed
in 33 lesions. There was no difference between the groups
in terms of the baseline characteristics. RO resection was
achieved in 93.9% of the ESD group and 38.1% of the EMR
group (p=0.000). The procedure time was significantly
shorter in the EMR group than in the ESD group (p =0.000).
Delayed bleeding was noted in one EMR patient (4.8%) and
one ESD patient (3.0%), and they were all successfully
treated by endoscopic clipping and electronic coagulation.
No intraoperative perforation occurred. Delayed perfora-
tion was identified in four patients (7.4%), and there was

Table 1 Baseline characteristics of 54 non-ampullary duodenal lat-
erally spreading tumors in 54 patients who underwent endoscopic
resection, and clinicopathological characteristics of the tumors

Age, years, mean + SD 54.1+12.4
Gender (male/female) 29/25
Lesion size, mm, mean +SD 26.9+8.5
Lesion location, n (%)

D1 16 (29.6%)

D2 38 (70.4%)
Paris classification, n (%)

0-Ila 29 (53.7%)

0-Ila+1Is 15 (27.8%)

0-ITa+1Ic 10 (18.5%)
Histological classification, n (%)

Adenoma 9 (16.7%)

LGIN 15 (27.8%)

HGIN 28 (51.8%)

Intramucosal adenocarcinoma 2 (3.7%)
Treatment methods, n (%)

EMR 21 (38.9%)

ESD 33 (61.1%)

D1 the first portion of the duodenum, D2 the second portion of the
duodenum, LGIN low grade intraepithelial neoplasia, HGIN high-
grade intraepithelial neoplasia, EMR endoscopic mucosal resection,
ESD endoscopic submucosal dissection

no significant difference between EMR group and ESD
group in terms of delayed perforation rate (4.8% vs. 9.1%,
p=0.953) (Table 2). The four delayed perforations were all
detected within 24 h after the procedure. One lesion that
was resected into four pieces by piecemeal EMR and three
lesions that were removed en bloc by ESD. The mean (SD)
size of the four lesions was 28.8 mm (11.8). All four lesions
were located distal to Vater’s ampulla. Prophylactic endo-
scopic closure of the mucosal defect by conventional clips
was performed in two cases. Finally, the four cases were
all successfully treated with local closure by over-the-scope
clip (OTSC) (Ovesco Endoscopy AG, Tubingen, Germany)
(Fig. 2), fasting, nasogastric tube placement and broad-
spectrum antibiotics (Table 3). In addition, the incidence of
delayed perforation showed a significant association with
post-ampullary tumor location (p =0.030) (Table 4).

Follow-up
Follow-up endoscopy was performed in all cases with a
mean (SD) period of 22.1 months (8.2). Local recurrence

was identified in four cases, and they were treated by fur-
ther endoscopic intervention, such as ER or argon plasma
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Table 2 Outcomes of EMR and
ESD

EMR ESD p value

(n=21) (n=33)
Lesion size, mm, mean + SD 26.8+8.2 26.9+9.0 0.659
Procedure time, minutes, median (range) 29.0 (24.0-45.0) 39.0 (29.0-67.0) 0.000
En bloc resection, n (%) 11 (52.4%) 32 (97.0%) 0.000
RO resection, n (%) 8 (38.1%) 31 (93.9%) 0.000
Delayed bleeding, n (%) 1 (4.8%) 1(3.0%) 1.000
Delayed perforation, n (%) 1 (4.8%) 39.1%) 0.953
Hospital stay, days, median (range) 7.0 (5.0-14.0) 6.0 (4.0-16.0) 0.000
Follow-up, months, mean+SD 26.8+12.3 19.2+7.3 0.001
Local recurrence, n (%) 4 (19.0%) 0 0.038

EMR endoscopic mucosal resection, ESD endoscopic submucosal dissection

coagulation (APC) ablation. Compare the outcomes between
recurrence group and non-recurrence group, the lesion size
was significantly larger in the recurrence group than in the
non-recurrence group (p=0.005). Besides, the four cases
were all removed by piecemeal EMR (Table 5).

Discussion

This retrospective study examined the outcomes after ER
of NAD-LSTs in a Chinese tertiary referral center dur-
ing a 11-year period. A total of 54 lesions were included
in this study, indicating that these lesions are uncommon.
Traditionally, NAD-LSTs were managed surgically, includ-
ing extensive segmental resection and Whipple’s pancrea-
tectomy, associated with high perioperative morbidity and
mortality rates [8§—10]. In addition, endoscopists regarded
ER for NAD-LSTs as “hot potatoes” because of the techni-
cal challenge and high risk of adverse events and therefore
showed reluctance toward performing the procedure. How-
ever, with increasing enrichment of endoscopist experience
in duodenal ER, and with improvement in the associated
tools and peripheral devices, ER has gained acceptance for
the treatment of duodenal large lesions with good overall
results.

In this study, we carried out EMR for 21 lesions and ESD
for 33 lesions. The rates of en bloc and RO resection by
EMR were significantly lower than by ESD. Besides, we
noted 4 cases developed local recurrences were all managed
by piecemeal EMR, which highlighted the need for care-
ful follow-up assessment after piecemeal EMR to ensure
that recurrence can be detected at an early stage. Therefore,
based on the evidence of the present study, we considered
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suitable therapeutic strategy for NAD-LSTs was to achieve
RO resection to prevent local recurrence. Endoscopists
can select EMR for NAD-LSTs when RO resection can be
achieved. Otherwise, we recommend ESD for NAD-LSTs
which can achieve high RO resection rate to prevent local
recurrence.

ER of NAD-LSTs is technically challenging and is asso-
ciated with a high incidence rate of adverse events owing
to duodenal anatomical peculiarities [6, 11]. The duodenal
wall is thinnest in the gastrointestinal tract. ER ulcers are
exposed to bile acids and pancreatic juices in the lumen, and
the extensive second-order arterial blood supply of the duo-
denum may increase the risk of adverse events. In this study,
delayed diffuse oozing from duodenal ER sites was noted
in one EMR patient and one ESD patient, and they were
all successfully treated by soft coagulation with hemostatic
forceps and endoscopic clipping. As the duodenal wall is too
thin, coagulation may cause transmural burns and increase
the risk of perforation. Thus, we cautiously use coagulating
forceps by slightly pulling away from the muscle layer before
coagulation.

Delayed perforation occurred in 7.4% of patients after ER
of NAD-LSTs. In our analysis, one case that was removed by
piecemeal EMR and three cases that were removed by ESD,
however, it was not statistically significant. A likely mecha-
nistic explanation in this case is that ESD is associated with
electrical cautery during submucosal dissection or repeated
coagulation, resulting in delayed perforation. In addition,
the incidence of delayed perforation showed a significant
association with post-ampullary tumor location. A likely
mechanistic explanation in this case is that ER ulcers distal
to Vater’s ampulla are fully exposed to bile acids and pancre-
atic juices, which caused delayed perforation with digestion
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«Fig.2 A A 15 mmx 12 mm laterally spreading adenoma located at 2
the lateral wall of the second part of the duodenum; B, C the mucosal E’ ,§
defeat after duodenal endoscopic submucosal dissection (ESD) was o
closed by clips; D the mucosal defect occurred delayed perforation ﬁ 2 229X
17 h later after the ESD procedure; E, F the perforation was success-
fully closed with the over-the-scope clip (OTSC) g
£ SHSNSNS
of the muscle layer. We attempted several interventions to ,
close ER ulcer to prevent delayed perforation. However, g -
each approach carries advantages and disadvantages. We g i’
attempted spraying porcine fibrin sealant onto the ER ulcer 2 %
to prevent delayed perforation, which was safe and easy to £ S ®» ==
perform, especially for large mucosal defects that the size
of the conventional clips was insufficient. However, it was .§
tended to fall because of gravitational influence and frequent B % o 8 o
intestinal contractions. We also perform prophylactic endo- “ olilaNs
scopic closure of the mucosal defect by conventional clips to ° 2
prevent delayed perforation. However, in the present study, "§ E
delayed perforation was identified in two patients despite E “é’ T oa o
carrying out prophylactic clipping. We believe the following =
explanations may apply: first, the application of conventional =
clips may be technically challenging in the duodenum. For é =Y
example, the second portion of the duodenum lies tangential ;g) ;‘ §
to the endoscope, making it difficult to completely close the 5 3823
ulcer using conventional clips. Second, as the duodenal tract o
frequent intestinal contractions, combined with conventional § 2 v g
clips’ lack of grasping power, detachment of some of the % g % % % % E
clips may result. Third, as the duodenal wall is too thin, ; 4]
transmural injury may occur by the clip itself. This is espe- § = 3
cially the case for large mucosal defects of NAD-LSTs after é §“ s s s s %
ER in which the size of the conventional clip is insufficient § 2
and cannot be anchored by normal mucosa adjacent to a é; | g g
resection defect. Thus, the application of conventional clips g % 2 F g
to close ER defect in the duodenum may be technically chal- § = = = 2 % E
lenging and their role in the duodenum is less clear. An ideal “‘é = 'E 'E E E 2
closure of mucosal defect should be effective, safe, and easy ) 'g
to perform. The OTSC is an effective and safe endoscopic %‘ o 2 212
method for closure of perforation, fistulas, leaks, and non- = § E l; = E E
variceal gastrointestinal bleeding, allowing compression of g - A
larger amounts of tissue [12, 13]. In the duodenum, it can % . R LE
easily and precisely close large mucosal defects with the 'é % = é é_ é‘_ é_ %
assistance of a Twin grasper [14, 15]. In the present study, 5 g g F 333 %
we successfully applied OTSC to address four patients with é £13 $ 2268 e
delayed perforations. g1 S
The limitations of our study were that it was a single- é g 9 E E
center, retrospective study with a small sample size. Selec- B lwn g w2 B
tion of duodenal EMR and ESD without established criteria g - E
in this study. Besides, the number of cases with delayed E = E E § g
perforation was too small to draw reliable conclusions. A % g 8 E| S
Further multicenter studies with larger sample sizes will E | <2 S E e E g
Sl 2
2|3 =
e | £ 2 B =
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Table 4 Risk factors for delayed Perforation Non-perforation p value
perforation after endoscopic (n=4) (n=50)
resection for non-ampullary
duodenal laterally spreading Age, years, mean=+SD 61.0+7.8 53.6+12.6 0.253
tumors Gender (male/female) 1/3 28/22 0.499
Lesion size, mm, mean + SD 28.8+11.8 26.8+8.3 0.659
Lesion location, n (%) 0.030
Pre-ampulla 34
Post-ampulla 16
Paris classification, n (%) 0.212
0-1Ia 1 28
0-Ila+1Is 14
0-Ila+1IIc 2 8
Histological classification, n (%) 0.316
Adenoma 2 7
LGIN 1 14
HGIN 1 27
Intramucosal adenocarcinoma 0 2
Procedure time, minutes, median (range) 43.5 (32-63) 36.5 (24-67) 0.363
Treatment methods, n (%) 0.953
EMR 1 20
ESD 3 30
Prophylactic clipping 1.000
Not applied 2 20
Applied 2 30

Table 5 Comparison of
outcomes between recurrence
group and non-recurrence group

LGIN low-grade intraepithelial neoplasia, HGIN high-grade intraepithelial neoplasia, EMR endoscopic
mucosal resection, ESD endoscopic submucosal dissection

Recurrence Non-recurrence p value
(n=4) (n=50)

Age, years, mean=+ SD 523+5.1 543+12.8 0.756
Gender (male/female) 2/2 27123 1.000
Lesion size, mm, mean + SD 38.0+6.8 26.0+8.0 0.005
Lesion location, n (%) 1.000

D1 1 15

D2 3 35
Paris classification, n (%) 1.000

0-1Ta 2 27

0-lla+1Is 1 14

0-Ila+1IIc 1 9
Histological classification, n (%) 0.268

Adenoma 2 7

LGIN 0 15

HGIN 2 26

Intramucosal adenocarcinoma 0 2

Procedure time, min, median (range) 36.5 (29.0-39.0) 36.5 (24.0-67.0) 0.766
Treatment methods, n (%) 0.001

Piecemeal EMR 4 6

En bloc EMR 0 11

ESD 0 33

Follow-up, months, mean +SD 27.5+5.7 21.6+8.2 0.167

D1 the first portion of the duodenum, D2 the second portion of the duodenum, LGIN low-grade intraepi-
thelial neoplasia, HGIN high-grade intraepithelial neoplasia, EMR endoscopic mucosal resection, ESD

endoscopic submucosal dissection
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be necessary to establish suitable endoscopic therapeutic
approach and obtain reliable conclusions.

In conclusion, ER of NAD-LSTs is a feasible and less
invasive treatment. However, ER of NAD-LSTs is associ-
ated with serious adverse events such as delayed perforation,
especially in patients with lesions located distal to Vater’s
ampulla. Further effective preventive measures for adverse
events are required to achieve better outcomes for those
patients with NAD-LSTs.
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