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Background and aims: Endoscopic submucosal dissection (ESD) is commonly used to treat early-stage
digestive cancer because it results in a higher frequency of en-bloc resection and a lower frequency of
local recurrence. However, the efficacy and safety of duodenal ESD remain unclear. Therefore, present
study is aimed at evaluating clinical outcomes of duodenal ESD.

Methods: To evaluate the efficacy and safety of duodenal ESD, electronic databases (MEDLINE, CENTRAL
and EMBASE) were searched by two independent reviewers. The authors were contacted for additional
information. A meta-analysis was performed to evaluate the efficacy and safety of duodenal ESD.
Results: A total of 7 studies (203 patients) were included in the quantitative synthesis analysis. The pooled
proportions of the frequencies of en-bloc resection, need for surgical intervention, bleeding, intraoper-
ative perforation and delayed perforation were 87%, 4%, 2%, 15% and 2%, respectively. The quality of
evidence regarding on surgical intervention outcomes was rated as moderate, whereas that of en-bloc
resection was rated as low because of its marked inconsistency.

Conclusions: Duodenal ESD produced acceptable outcomes in terms of the en-bloc RO resection, but the

Keywords:

Duodenal polyps

Endoscopic submucosal dissection
Systemic review

incidence of procedure-related adverse events is high (PROSPERO register, CRD42017057110).
© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Recent advances in endoscopic imaging has increased the detec-
tion of duodenal tumors [1]. Among duodenal tumors, duodenal
adenomas should be resected because they carry a high risk
of malignant transformation, with the frequency of malignant
transformation ranging from 35 to 85% [2-5]. However, they are
relatively rare tumors with a reported prevalence of 0.4% [6], and
only a few small case series have been published about their man-
agement. Thus, the optimal management strategy of these lesions
is yet to be determined.
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At present, surgeries involving pancreaticoduodenectomy (PD)
and local excision are commonly used two alternative strategies for
the removal of duodenal tumors. PD is a highly invasive procedure
(although it is also the most radical treatment), and it was reported
to be associated with significant morbidity (41-52.2%) and mortal-
ity (1-2.1%) [7,8]. On the other hand, local excision is characterized
by high frequencies of recurrence [9]. Considering the drawbacks
associated with surgery, endoscopic resection could represent a
valid alternative treatment for duodenal tumors [10,11].

Endoscopic submucosal dissection (ESD) is an advanced tech-
nique, which was originally developed as a resection procedure
for gastric neoplasms [12,13]. Compared with traditional surgery,
endoscopic resection is now widely accepted to be superior, as it is
less invasive and results in better patient quality of life [ 14]. In addi-
tion, as ESD produces higher frequencies of en-bloc resection and
lower frequencies of local recurrence, irrespective of lesion size,
it has become a standard treatment for esophageal squamous cell
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neoplasms [15-17], gastric tumors [18-20], and colorectal lesions
[21,22]. In some institutions, the therapeutic indications for ESD
have been gradually expanded to include duodenal neoplasms, but
the efficacy and safety of duodenal ESD remains unclear.

Outcome data about the efficacy and safety of duodenal ESD
are limited and restricted to small case series. In this study, we
performed a systematic review on clinical outcomes of duodenal
ESD for treatment for non-ampullary duodenal tumors.

2. Materials and methods

We performed a systematic review to evaluate the efficacy and
safety of ESD for non-ampullary duodenal polyps. This review was
conducted in accordance with the Cochrane Collaboration Hand-
book [23] and Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations (Supplementary
Table 1) [24]. In addition, it was registered in the international
prospective register of systematic reviews (PROSPERO, registration
No. CRD42017057110).

2.1. Search strategy and data sources

The MEDLINE, Cochrane Central Register of Controlled Trials
(CENTRAL), and EMBASE databases were searched for relevant lit-
erature. The search term combinations used in this study consisted
of the following words: Duodenal neoplasms, Polyp*, Tumor?*,
Adenoma*, Adenocarcinoma®, Carcinoma*, Duodenum, Duode-
nal, Duodenoscopy, Submuco*, Endoscop*, Endoscopic mucosal
resection, and ESD. The detailed search strategy is presented in
Supplementary Table 2. In addition, we searched trial registers via
the World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) to identify ongoing studies.

2.2. Study selection and extraction

Two reviewers (D.W. and H.H.) independently selected relevant
studies according to the following criteria: whether they enrolled
>10 patients and whether they reported the efficacy or safety of
ESD for non-ampullary duodenal polyps, irrespective of the study’s
country of origin. The studies were limited to those that were writ-
ten in the English language, published as articles, involved patients
aged >18 years old, and involved tumors that were histologically
diagnosed as adenoma/cancer without muscle invasion. After the
removal of duplicates, all of the studies were initially screened
based on their titles and abstracts. Then, the remaining articles had
their full text carefully assessed to determine whether they were
eligible for inclusion in this review. When the same data from a
single research group were reported in multiple publications, only
the study involving the largest cohort was included. Any discrep-
ancies between the 2 reviewers were resolved by consensus, with
another author (Y.K.) acting as an arbiter.

2.3. Data collection

The following data were extracted from the eligible studies:
the first author’s name, the year of publication, the number of
patients, the country of origin, the cutting device that was used
for the ESD, the frequency of surgical intervention for the man-
agement of adverse events, the frequency of complete endoscopic
resection (the frequency of en-bloc RO resection), the frequency
of local recurrence during the follow-up period, the frequencies of
adverse events (bleeding and perforation), and the mortality rate.
Where necessary, we contacted the authors of the included studies
to obtain any missing data or clarify unclear information.

Table 1

Risk of Bias of the Studies Reported the Efficacy and Safety of Duodenal ESD procedure.

Issue of risk of bias

Issue of indirectness
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1 Was the target population representative for the general population?

2 Was the sampling frame a close representation of the target population?

3 Was some form of random selection used to select the sample?

4 Was the likelihood of nonresponse bias minimal (participation >75% or non-responder analysis)?

5 Were data collected directly from the subjects (as opposed to a proxy)?

6 Was an acceptable case definition used in the study?

7 Was the study instrument reliable and valid?

8 Was the same mode of data collection used for all subjects?

9 Was the length of the shortest prevalence period for the parameter of interest appropriate?

10 Were the numerator and denominator for the parameter of interest appropriate?
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)
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(meta-analysis, n =7)

[

*Insufficient number of patients (n=3)
Treatment other than ESD (n=3)

=Tumor other than adenoma or cancer (n=1)
- Cohort overlap between studies (n=2)

Studies included in analysis (n=8) [ On-going trial excluded (n=1)J

Studies included in quantitative synthesis

Fig. 1. The PRISMA flow diagram for systematic reviews.

plasia [33] and brunneroma [34]). These studies were published as
full-text articles between 2013 and 2017. Of the 7 studies, all but
one were carried out in Japan, whereas the remaining study was
conducted in Korea. All of the studies were retrospective, and the
numbers of patients enrolled in these studies ranged from 12 to
73. ESD was performed using the following knives: the HookKnife
(KD-620LR, Olympus, Japan; n=3), the ITknife (KD-611L or KD-
612L, Olympus, Japan; n=2), the FlexKnife (KD-630L, Olympus,
Japan; n=2), the FlushKnife (DK2618]N, Fujinon, Japan; n=1), the
DualKnife (KD-650L, Olympus, Japan; n=1), a needle knife (KD-1L-
1, Olympus, Japan; n=1), the Mucosectom 2 (DP-D2518, Pentax,
Japan; n=1), and not mentioned (n=1). We confirmed that all of
the patients included in this analysis were older than 18 years by
questioning the relevant authors.

3.2. Risk of bias in individual studies

The risk of bias in each included study is summarized in Table 1.
The risk of bias associated with item 3 (random selection) was high
in all studies, whereas those associated with all of the other exam-
ined items were low in all studies. Therefore, the overall risk of bias
for all studies (7/7, 100%) was rated as low.

3.3. Frequency of en-bloc RO resection

The frequency of en-bloc RO resection was clearly documented
in 3 of the 7 studies. In addition, data for the 4 remaining studies
were acquired by contacting the relevant authors. The frequency of
en-bloc RO resection was 83.3% (10/12) and 78.6% (11/14), respec-
tively, in the studies by Inoue et al. and Jung et al. After excluding
cases of hyperplasia and brunneroma, the frequency of en-bloc RO
resection was 91.7% (11/12) and 80.0% (12/15) in the studies by
Kakushima et al. and Ishii et al., respectively. Therefore, a total of
203 patients in 7 studies were available for the meta-analysis of the
frequency of en-bloc resection. The frequency of en-bloc resection
in the examined studies varied from 78.6 to 98.6%, and the pooled
proportion of the frequency of en-bloc resection was 87% according
to a random-effects model (Fig. 2, 95%CI: 79-96%). Heterogene-
ity was detected in this analysis (I2 =70.16%, p=0.00). Sensitivity
analysis conducted by comparing the estimates obtained using the
random-effects model with those obtained using a fixed-effects
model showed that the statistical method did not have a marked
influence on the pooled estimate (87% vs. 96%).

3.4. Frequency of surgical intervention

The frequency of surgical intervention was clearly documented
in 4 of the 7 studies. In addition, data for 2 of the other studies
were acquired by contacting the authors. After excluding cases of
hyperplasia and brunneroma, the frequencies of surgical interven-
tion in the study by Kakushima et al. and Ishi et al. were 9.1% (1/11),
and 6.7% (1/15), respectively. Therefore, a total of 129 patients in
6 studies were available for the meta-analysis of the frequency
of surgical intervention. Reason for surgical intervention in this
analysis was only due to perforation. The frequency of surgical
intervention in the examined studies varied from 2 to 14%, and the
pooled proportion of the frequency of surgical intervention was 4%
according to a random-effects model (Supplementary Fig. 1, 95%CI:
0-7%). No heterogeneity was detected in this analysis (I2 =0.0%,
p=0.76).

3.5. Frequency of recurrence

The frequency of recurrence was clearly documented in all but
one of the 7 studies, while the data for the remaining study were
obtained by contacting the relevant author. No recurrence was
observed after ESD for duodenal tumors in any of the 7 studies.

3.6. Frequency of bleeding

The frequency of bleeding was clearly documented in all but
one of the 7 studies, while the data for the remaining study
were obtained by contacting the author. The frequency of bleed-
ing was 8.3% (1/12) in the study by Inoue et al. Therefore, a total
of 203 patients in 7 studies were available for the meta-analysis
of the frequency of bleeding. In addition, all bleeding in extracted
studies occurred after ESD procedure. The frequency of bleeding
in the examined studies varied from O to 8.9%, and the pooled
proportion of the frequency of bleeding was 2% according to a
random-effects model (a continuity correction of 0.5 was applied
to each cell with a value of zero) (Supplementary Fig. 2, 95%CI:
0-4%). No heterogeneity was detected in this analysis (I2 =0.0%,
p=0.65). A sensitivity analysis conducted by comparing the esti-
mates obtained after adding 0.5 to each value with those obtained
after excluding the equivalent subjects showed that these meth-
ods did not have a marked influence on the pooled estimate (2% vs.
4%).
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Fig. 2. Forrest plot of studies reporting the frequency of en-bloc resection. The pooled proportion of the frequency of en-bloc resection was 87% (95%Cl:79-96%).

3.7. Frequency of intraoperative perforation

The frequency of intraoperative perforation was clearly doc-
umented in 4 of the 7 studies. In addition, the data for all of
the remaining studies were obtained by contacting the relevant
authors. The frequency of intraoperative perforation was 25.0%
(3/12) in the study by Inoue et al., while after excluding cases of
hyperplasia and brunneroma the frequency of intraoperative perfo-
rationwas 16.7%(2/12)and 6.7% (1/15) in the studies by Kakushima
et al. and Ishi et al., respectively. Therefore, a total of 203 patients
in 7 studies were available for the meta-analysis of the frequency
of intraoperative perforation. The frequency of intraoperative per-
foration varied from 6.7 to 27.0% in the examined studies, and
the pooled proportion of the frequency of intraoperative perfora-
tion was 15% according to a random-effects model (Fig. 3, 95%CI:
8-22%).No heterogeneity was detected in this analysis (12 =49.56%,
p=0.06).

3.8. Frequency of delayed perforation

The frequency of delayed perforation was clearly documented
in all but one of the 7 studies, while the data for the remain-
ing study were obtained by contacting the author. After excluding
cases of hyperplasia, the frequency of delayed perforation was
8.3% (1/12) in the study by Inoue et al. Therefore, a total of 203
patients in 7 studies were available for the meta-analysis of the
frequency of delayed perforation. The frequency of delayed perfora-
tion in the examined studies varied from 0 to 16.7%, and the pooled
proportion of the frequency of delayed perforation was 2% accord-
ing to a random-effects model (a continuity correction of 0.5 was
applied to each cell with a value of zero) (Fig. 4, 95%CI: 0-4%). No
heterogeneity was detected in this analysis (12 = 0.0%, p = 0.59). Sen-
sitivity analysis conducted by comparing the estimates obtained
after adding 0.5 to each cell with a value of zero with those obtained
after excluding the equivalent subjects showed that these meth-
ods did not have a marked influence on the pooled estimate (2% vs.
2%).

3.9. Mortality rate

Mortality rates were documented in all 7 studies, and no mor-
tality was observed after ESD for duodenal tumors in any study.

3.10. Assessment of quality

The results of the quality assessment based on the GRADE sys-
tem are summarized in Table 2. In all studies, patients were not
selected randomly. Moreover, one outcome (the frequency of en-
bloc resection) was downgraded because of heterogeneity. Overall,
the quality of the evidence regarding the frequencies of surgical
intervention, bleeding, intraoperative perforation, and delayed per-
foration was rated as moderate, and the quality of the evidence
regarding the frequency of en-bloc resection was classified as low
because of its marked inconsistency.

4. Discussion

In the present study, we systematically reviewed and synthe-
sized the published evidence regarding the efficacy and safety of
duodenal ESD. Then, the following outcomes were assessed: the
frequencies of surgical intervention, en-bloc RO resection, local
recurrence, bleeding, intraoperative perforation, and delayed per-
foration. ESD procedures for tumors that arise in other digestive
organs exhibit higher frequencies of complete resection and lower
risks of local recurrence during the follow-up period. Overall, the
pooled proportion of the frequency of en-bloc RO resection obtained
using a random-effects model was relatively high at 87%, but the
pooled proportion of the frequency of intraoperative perforation
obtained using a random-effects model was also unacceptably high
at 15%. Although the quality of the supporting evidence was not
high, this suggests that there is substantial room for improvement
in ESD procedures for duodenal tumors in order to make them more
reliable.

Our systematic review indicated that ESD is useful for treating
duodenal tumors, providing that appropriate prophylactic mea-
surements are employed. To the best of our knowledge, this is
the first analysis to confirm that ESD for duodenal tumors enables
curative resection to be achieved although its safety cannot be
guaranteed. Moreover, we evaluated the quality of the analyzed
evidence using the GRADE approach.

The reported frequencies of en-bloc RO resection in ESD pro-
cedures performed for superficial squamous cell carcinoma, early
gastric adenocarcinoma, and colorectal superficial lesions ranged
from 78 to 100% [36], from 88 to 93% [37], and from 53 to 91%
[36], respectively. Our systematic review of 7 studies showed that
duodenal ESD achieved excellent outcomes in terms of the pooled
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Fig. 3. Forrest plot of studies reporting the frequency of intraoperative perforation. The pooled proportion of the frequency of intraoperative perforation was 15% (95%Cl:

8-22%).
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Fig. 4. Forrest plot of studies reporting the frequency of delayed perforation. The pooled proportion of the frequency of delayed perforation was 2% (95%Cl: 0-4%).

frequency of RO resection, which was 87% (95%Cl: 79-96%). In addi-
tion, as the majority of duodenal tumors that can be treated by
endoscopic resection are adenomas, rather than malignant tumors,
most locally recurrent lesions that develop from residual primary
tumors can be managed using additional endoscopic treatment
alone. Therefore, in terms of the frequency of en-bloc RO resection,
duodenal ESD produces clinically acceptable results. However, our
analysis showed significant heterogeneity in the estimate of the fre-
quency of en-bloc RO resection. In this analysis, lower frequencies
of en-bloc resection were reported in smaller cohort studies than
in larger ones (Ishii et al. reported a frequency of en-bloc resection
of 75% (n=16), whereas Hoteya et al. reported an en-bloc resection
frequency of 99% (n="74)). Given that the number of operations is
correlated with the surgeon’s level of expertise, we presume that
this finding was due to differences in the surgeons’ skill levels.

As the frequency of procedure-related adverse events is an
important parameter for evaluating treatment safety, we assessed
the frequencies of the following 3 adverse events: bleeding,
intraoperative perforation, and delayed perforation. In our meta-
analysis, the incidence rates of bleeding and delayed perforation

were not very high, whereas the pooled frequency of intraoperative
perforation was unacceptably high (15%). Procedure-related perfo-
ration is one of the most common and critical drawbacks of ESD,
and ESD for squamous cell carcinoma, gastric lesions, and colorec-
tal superficial lesions were reported to result in procedure-related
perforation frequencies of 0-4%, 1-4%, and 1.6-18%, respectively
[36]. Albeit ESD usually confers advantages over EMR in terms of
the en bloc resection rate, the complication rate of perforation was
reported to be higher in ESD than in EMR [38,39].

There have only been a few case reports that summarized
patients’ clinical courses after ESD-related duodenal perforation
[29,40]. In the clinical setting, most cases of ESD-related perforation
involving the esophagus, stomach, colon, or rectum can be man-
aged using a short period of conservative therapy alone. On the
other hand, endoscopic procedure-related duodenal perforation
can sometimes cause severe peritonitis due to the leakage of pan-
creatic and bile juice [41]. Therefore, when conservative therapy
is chosen, the patient will sometimes require long-term hospital
treatment. Inoue et al. reported that a patient who developed a
retroperitoneal abscess after the endoscopic resection of a duo-
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denal tumor recovered after conservative therapy, involving the
endoscopically guided placement of a nasogastric tube into the
duodenum in conjunction with broad-spectrum antibiotic therapy,
although they took more than 2 months to recover [29]. In addition,
Ohara et al. reported that a patient who suffered duodenal perfo-
ration after undergoing ESD for an ulcer, which resulted in a hole
connecting the duodenum to the retroperitoneal space, developed a
retroperitoneal abscess [40]. Although the patient’s condition could
be managed with polyglycolic-acid (PGA) sheets and fibrin glue in
conjunction with a computed tomography-guided abscess punc-
ture, they were not discharged from hospital until 87 days after
the ESD procedure. In the latter report, the author mentioned that
if the patient had undergone surgery to treat the perforation they
might have recovered more quickly. Therefore, we consider that
it is important to evaluate the indications for emergency surgery
more carefully, but we should also consider that emergent pancre-
aticoduodenectomy is a highly invasive and challenging procedure
with a cumulative mortality rate of 29% [42].

Our results confirmed that duodenal ESD is an effective proce-
dure for duodenal tumors, although its safety cannot be guaranteed.
As ESD for duodenal lesions is not recommended by the Amer-
ican Society for Gastrointestinal Endoscopy (ASGE) [37,43] or
the European Society of Gastrointestinal Endoscopy (ESGE) [36],
surgery remains the standard treatment for large non-ampullary
duodenal tumors at present. To this end, the current systematic
review highlights the need for a prophylactic strategy to prevent
adverse events, especially procedure-related perforation. Recently,
the following techniques for preventing perforation or delayed
bleeding have been reported: (i) endoscopic closure of mucosal
defects using conventional clips (OTSC) [44] or over-the scope-
clips [45,46], (ii) an endoscopic tissue-shielding method involving
PGA sheets and fibrin glue [47,48], (iii) laparoscopy and endoscopy
cooperative surgery [49,50], and (iv) laparoscopy-assisted endo-
scopic full-thickness resection [51,52], etc. Based on the above
evidence, we recommend complete endoscopic closure for mucosal
defect after endoscopic resection such as using OTSC [44], while
devising the method for endoscopic resection like using the pocket-
creation method with an ST hood [30] and so on. However,
there are limited data regarding the safety of these prophylac-
tic approaches; therefore, further studies are needed to establish
novel resection methods involving duodenal ESD for duodenal
tumors.

Several limitations of the present study need to be considered.
First, all of the studies included in this analysis were retrospec-
tive non-randomized studies, which might have introduced patient
selection biases, which could in turn have contributed to the high
frequency of complete resection observed in our analysis. Second,
since all but one of the studies included in this analysis were con-
ducted in Japan, where many patients with early-stage digestive
tumors undergo ESD procedures that are carried out by highly expe-
rienced endoscopists [20,22,53], the conclusions of this study might
not be generalized to other parts of the world.

In conclusion, duodenal ESD produced acceptable clinical out-
comes in terms of the frequencies of surgical intervention, en-bloc
RO resection, recurrence, and mortality. However, considering the
unfavorable clinical courses of the adverse events of the proce-
dure, particularly perforation, the unacceptably high frequency of
adverse events must be improved. In order to establish duodenal
ESD as a safe therapeutic strategy for duodenal tumors, reliable pro-
phylactic countermeasures against the associated adverse events
must be developed.
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