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Simple Summary: A covered self-expandable metal stent using external fixation using silk thread
(thread-fix stent) is an effective treatment for anastomotic leakage after esophago-gastric surgery.
However, a thread-fix stent also entails long hospitalization and patient discomfort. This study
found that the Niti-S Beta stent which does not need thread-fix was an effective treatment for
anastomotic leakage after total or proximal gastrectomy for gastric cancer. Because patients who
received the Nitis-S Beta stent had minimal discomfort, the stent maintenance was possible without
hospitalization.

Abstract: A thread-fix stent entails long hospitalization and patient discomfort. We aimed to evaluate
the efficacy of a novel stent with silicone-covered outer double layers without external fixation (Beta
stent) for anastomotic leakage after total or proximal gastrectomy. The outcomes were compared
between gastric cancer patients who underwent stent placement using a thread-fix stent between
2014 and 2015 (Thread-Fix Group) and those who received a Beta stent in the succeeding period until
October 2018 (Beta Stent Group). The Beta Stent Group (n = 14) had a significantly higher leakage
healing rate by the first stent placement (92.9% vs. 53.8%; p = 0.021) and had a shorter hospitalization
period (median: 16 days vs. 28 days; p = 0.037) than the Thread-Fix Group (n = 13). Further, 50%
of the Beta stent patients received outpatient management until stent removal. Stent maintenance
duration was significantly longer in the Beta Stent Group (median, 28 days vs. 18 days; p = 0.006).
There was no significant between-group difference in stent-related complications except for stent
migration (7.1% (Beta Stent Group) vs. 0% (Thread-Fix Group), p = 0.326). In conclusion, the Niti-S
Beta stent is an effective treatment for anastomotic leakage from total or proximal gastrectomy for
gastric cancer. Stent maintenance is possible without hospitalization.

Keywords: Beta stent; anastomotic leakage; gastrectomy; gastric cancer

1. Introduction

Anastomotic leakage is one of the most serious and potentially fatal complications
after gastrectomy, impairing quality of life, prolonging hospitalization, and increasing
mortality [1–3]. Depending on the reconstruction method, anastomotic leakage occurs in
0–17% of patients after total gastrectomy [4] and in 0–5% after proximal gastrectomy [5–7].
The therapeutic options for anastomotic leakage after total or proximal gastrectomy include
conservative, endoscopic, and surgical treatments. Among these, surgery is associated
with extremely high mortality rates of up to 20–64% [8–10] and is thus only considered
in select patients with severe symptoms and conditions such as sepsis with organ failure,
diffuse peritonitis, and jejunal loop ischemia [11].
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Meanwhile, conservative treatment involving intravenous antibiotics, fasting, and
nutritional supports are helpful only in clinically stable patients with small leakage [11].
Additional endoscopic treatments are needed to improve leakage healing in patients with
large anastomotic leakage. Among endoscopic modalities, fully covered self-expanding
metallic stents (SEMSs) are highly effective for esophageal anastomotic leakage after
gastrectomy, with treatment success rates of 70–85.7% [12–14]. However, stent migration
can occur in up to 61% of patients who underwent esophagojejunostomy [12], and thus,
external fixation through the nose of SEMS using a silk thread (thread-fix stent) was
developed. This successfully eliminated the risk of stent migration [14,15]. Nonetheless,
the thread-fix stent is associated with prolonged discomfort and longer hospitalization
than the SEMS without external fixation due to the external fixation state during leakage
healing.

Two recent studies reported that a newly designed fully covered SEMS with outer
double layers (Niti-S Beta stent) is effective for leakage that develops after bariatric surgery,
with low rate of stent migration (0–32%) [16,17]. The present study aimed to investigate
the efficacy of the Niti-S Beta stent for the treatment of anastomotic leakage from total
or proximal gastrectomy for gastric cancer. Towards this goal, we compared the rates
of leakage healing rate and stent migration between the thread-fix stent and the Niti-S
Beta stent.

2. Materials and Methods
2.1. Study Design and Patients

This was a retrospective study of gastric cancer patients who underwent gastrectomy
between January 2014 and October 2018 at the National Cancer Center, Korea. Among them,
patients who received fully covered SEMSs for anastomotic leakage after total or proximal
gastrectomy were eligible. Patients who were treated only conservatively or received
only other endoscopic procedures such as endoscopic clips with/without snares were
excluded. The data of baseline clinical characteristics, anastomotic leakage characteristics
and management, and treatment outcomes were collected.

2.2. Gastrectomy Protocol

All patients underwent total or proximal gastrectomy with lymph node dissection, by
experienced surgeons. The reconstruction methods were Roux-en-Y esophago-jejunostomy
for total gastrectomy and esophago-gastrostomy or double tract reconstruction for proximal
gastrectomy. D1+ or D2 lymph node dissection was performed following the Japanese
gastric cancer treatment guideline [18].

2.3. Diagnosis and Initial Management of Anastomotic Leakage

Post-gastrectomy computed tomography or endoscopy was performed in patients
who had clinical presentations of anastomotic leakage such as signs of peritonitis, digestive
fluids or abnormal fluid staining in the surgical drain, and unexplained elevation of white
blood cell count or C-reactive protein. Initial management for anastomotic leakage included
fasting with nutritional support, intravenous antibiotics, and percutaneous drainage of
abnormal fluid collection around the leakage site.

2.4. Stent Placement and Follow-Up

Two types of fully covered stent for anastomotic leakage were used. The thread-fix
stent (CHOOSTENTTM, M.I.Tech, Gyeong-gi, Korea) was used between January 2014
and December 2015 (Thread-Fix Stent Group). After introduction of the Niti-S Beta stent
(BETATM Esophageal stent, Taewoong Medical, Gyeong-gi, Korea), we used the Beta stent
between January 2016 and October 2018 (Beta Stent Group). Endoscopic stent placement
was performed under fluoroscopic guidance. The guidewire was inserted through the
endoscope, and a stent was deployed across the anastomotic leakage level. For patients who
underwent the thread-fix SEMS, the stent thread was fixed through the nose with a similar
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technique used in an endoscopic nasobiliary drainage (ENBD) procedure (Figure 1A).
Meanwhile, patients who underwent Niti-S Beta stent did not require external fixation
because of the newly designed structure with silicone-covered outer double layers to
prevent stent migration (Figure 1B).
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Figure 1. Stent placement for anastomotic leakage after gastrectomy. (A) Thread-fix stent placement
is performed for anastomotic leakage after total gastrectomy and externally fixed through the nose
using silk thread. (B) Niti-S Beta stent has a unique body structure with silicone-covered outer
double layers, and the stent is placed for anastomotic leakage after total gastrectomy without external
fixation.

Contrast leakage was determined using upper gastrointestinal series (UGIS) imaging
one day after stent placement. Follow-up endoscopy examinations were performed to
identify the stent position and stent-related mucosal changes (erosion or ulcer) at day 2
post-placement then weekly or biweekly until stent removal. In the Thread-Fix Stent Group,
improvements in anastomotic leakage status were assessed during follow-up endoscopy
after stent reposition. Oral feeding was started from sips of water to a normal diet was
initiated according to the patients’ clinical conditions. Patients who had stable clinical
conditions after starting the diet were discharged and managed at the outpatient clinic.

2.5. Outcome Measures

The primary outcome measure was the success rate of complete leakage healing by the
first stent placement without additional endoscopic procedures. The secondary outcome
measures were the interval between stent placement and initiation of diet, duration of
hospitalization in days, the proportion of patients discharged with stent maintenance
status, the total duration from stent insertion to leakage closure, and stent placement–
related complications. The duration of hospitalization was defined as the interval between
the date of stent placement and of discharge.
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2.6. Statistical Analysis

Continuous variables were presented as the median and interquartile range (IQR),
and categorical variables were shown as proportions (%). Between-group differences were
performed using the Mann–Whitney U test for continuous variables and the Chi-square
test or Fisher’s exact test for categorical variables. All statistical analyses were performed
using STATA version 13.1 (StataCorp, College Station, TX, USA), and p-values of less than
0.05 were considered statistically significant.

3. Results
3.1. Patient Characteristics

Among the 2602 patients identified, 516 patients underwent total (n = 420 patients)
or proximal gastrectomy (n = 96 patients). Of them, 45 patients who underwent total
gastrectomy (37/420, 8.8%) and proximal gastrectomy (8/96, 8.3%) developed anastomotic
leakage. After excluding 7 patients who have received only conservative treatment and
11 patients who received only endoscopic clips with or without snares without stent
placement, 27 patients who underwent anastomotic leakage treatment with stent placement
were included in the present study. There were 14 and 13 patients who underwent Niti-S
Beta stent placement and thread-fix stent placement, respectively (Figure 2).
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Figure 2. Patient inclusion flowchart.

The baseline patient characteristics are shown in Table 1. The median patient age
was 66 years, and majority (96.3%) were male. There was no significant between-group
difference in the baseline clinical characteristics including age, sex, body mass index, ASA
score, gastric cancer type, type of surgery, and pathological tumor stage.

Table 1. Baseline patient characteristics.

Total (n = 27)
Beta Stent Group Thread-Fix Stent Group

p
(n = 14) (n = 13)

Age (years), median (IQR) 66 (59–73) 71 (60–76) 64 (59–68) 0.576
Sex, n (%) 0.29

Female 1 (3.7) 0 (0) 1 (7.7)
Male 26 (96.3) 14 (100) 12 (92.3)

Body mass index (kg/m2), median (IQR) 24.0 (22.3–26.5) 24.0 (22.3–25.9) 24.7 (23.0–26.6) 0.382
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Table 1. Cont.

Total (n = 27)
Beta Stent Group Thread-Fix Stent Group

p
(n = 14) (n = 13)

Smoking status, n (%) 0.275
Non-smoker 4 (14.8) 2 (14.3) 2 (15.3)
Ex-smoker 18 (66.7) 11 (78.6) 7 (53.8)
Current smoker 5 (18.5) 1 (7.1) 4 (30.8)

Alcohol drinking, n (%) 0.883
No 10 (37.0) 5 (35.7) 5 (38.5)
Yes 17 (63.0) 9 (64.3) 8 (61.5)

ASA score, n (%) 0.531
1 4 (14.8) 2 (14.3) 2 (15.4)
2 21 (77.8) 10 (71.4) 11 (84.6)
3 2 (7.4) 2 (14.3) 0 (0)

Gastric cancer type, n (%) 0.516
Early gastric cancer 10 (37.0) 6 (42.9) 4 (30.8)
Advanced gastric cancer 17 (63.0) 8 (57.1) 9 (69.2)

Type of surgery, n (%) 0.037
Total gastrectomy 23 (85.2) 10 (71.4) 13 (100)
Proximal gastrectomy 4 (14.8) 4 (28.6) 0 (0)

Surgical approach, n (%) 0.31
Open 16 (59.3) 7 (50.0) 9 (69.2)
Laparoscopy 11 (40.7) 7 (50.0) 4 (30.8)

Pathological tumor stage, n (%) 0.59
Stage I 13 (48.1) 8 (57.1) 5 (38.5)
Stage II 5 (18.5) 3 (21.4) 2 (15.4)
Stage III 7 (25.9) 2 (14.3) 5 (38.5)
Stage IV 2 (7.4) 1 (7.1) 1 (7.7)

Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range.

3.2. Characteristics and Initial Management for Anastomotic Leakage

Table 2 shows the characteristics and initial management before stent placement.
The median interval between gastrectomy and leakage diagnosis was 8 days in the Beta
Stent Group and 7 days in the Thread-Fix Stent Group. The proportion of patients who
underwent total gastrectomy was a significantly higher in the Thread-Fix Stent Group than
in the Beta Stent Group (100% vs. 71.4%, respectively; p = 0.037). However, the distribution
of the anastomotic leakage site, leakage size, and interval between leakage diagnosis and
stent placement were not significantly different between the two groups. Before stent
placement, percutaneous drainage was performed in 50.0% (7/14 patients) of the patients
in the Beta Stent Group and in 53.8% (7/13 patients) in the Thread-Fix Stent Group. In
addition, 3 patients (21.4%) in the Beta Stent Group and 2 patients (15.4%) in the Thread-Fix
Stent Group underwent an endoscopic procedure (e.g., clips with or without detachable
snares) before the stent placement.

Table 2. Characteristics and managements of anastomotic leakages before stent placement by group.

Beta Stent Group Thread-Fix Stent Group
p

(n = 14) (n = 13)

Interval between surgery and diagnosis (days), median (IQR) 8 (5–11) 7 (6–7) 0.77
Leakage site, n (%) 0.936

Esophageal anastomosis site * 12 (85.7) 11 (84.6)
Jejunal stump 2 (14.3) 2 (15.4)

Leakage size (mm), median (IQR) 12 (8–20) 18 (12–25) 0.091
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Table 2. Cont.

Beta Stent Group Thread-Fix Stent Group
p

(n = 14) (n = 13)

Leakage management before stent insertion, n (%)
Percutaneous drainage 7 (50.0) 7 (53.8) 0.842
Endoscopic procedures † 3 (21.4) 2 (15.4) 0.686

Time interval between diagnosis and stent placement (days),
median (IQR) 3 (1–7) 1 (1–7) 0.676

* Esophago-jejunostomy site for total gastrectomy and proximal gastrectomy with double-tract reconstruction and esophago-gastrostomy
site for proximal gastrectomy. † Endoscopic procedures include endo-clips with or without detachable snares. Abbreviations: IQR,
interquartile range.

3.3. Treatment Outcomes After Stent Placement

The anastomotic leakage sites in the Beta Stent Group were the esophago-jejunostomy
site in 11 patients (total gastrectomy, 8 patients; proximal gastrectomy, 3 patients), esophago-
gastrostomy site after proximal gastrectomy in 1 patient, and blind jejunal pouch after
total gastrectomy in 2 patients. Until complete anastomotic leakage healing, only one
stent procedure was performed in 13 patients (92.9%). The remaining patient received an
additional Niti-S Beta stent with a larger diameter (24 mm) after removal of the previous
stent (20 mm diameter) because of persistent contrast leakage on UGIS imaging (Figure 3A).

Meanwhile, the anastomotic leakage sites in the Thread-Fix Stent Group were the
esophago-jejunostomy site in 11 patients and blind jejunal pouch in 2 patients. To achieve
complete leakage healing, only one stent procedure was performed in 7 patients (53.8%),
and additional endoscopic procedures using clips with or without detachable snares were
required in 6 patients (46.2%) (Figure 3B). Successful complete leakage healing was achieved
in all patients. However, the rate of complete leakage healing in the first stent placement
was significantly higher in the Niti-S Beta Stent Group than in the Thread-Fix Stent Group
(92.9% (13/14) vs. 53.8% (7/13), p = 0.021).

The other treatment outcomes and complications related to the stent insertion are
described in Table 3. Although there was no significant difference, the interval from stent
placement to soft diet initiation was shorter in the Beta Stent Group (median, 6 days vs.
14 days, p = 0.118). Compared with the Thread-Fix Stent Group, the Beta Stent Group had
a significantly shorter duration of hospitalization (median, 16 days vs. 32 days; p = 0.037)
and significantly higher proportion of patients discharged with stent maintenance status
(50.0% vs. 0%, p = 0.003). The duration of stent maintenance was also significantly longer
in the Beta Stent Group (median, 28 days vs. 18 days, p = 0.006).

Table 3. Therapeutic outcomes and complications by group.

Beta Stent Group Thread-Fix Stent Group
p

(n = 14) (n = 13)

Complete leakage healing on the first stent placement, n (%) 13 (92.9) 7 (53.8) 0.021
Additional endoscopic procedures, n (%) 1 (7.1) 6 (46.2) 0.021

Second stent placement 1 0
Endoscopic clips with/without detachable snare 0 6

Interval between stent insertion and diet initiation (days),
median (IQR)

Sips of water 3 (1–6) 4 (2–9) 0.606
Soft diet 6 (3–12) 14 (6–25) 0.118

Discharge with stent maintenance status, n (%) 7 (50.0) 0 (0) 0.003
Hospitalization after stent placement * (days), median (IQR) 16 (14–31) 32 (21–67) 0.037
Duration of stent maintenance (days), median (IQR) 28 (21–42) 18 (16–20) 0.006
Interval between leakage diagnosis and complete healing
(days), median (IQR) 35 (22–48) 31 (21–54) 0.942



Cancers 2021, 13, 3720 7 of 10

Table 3. Cont.

Beta Stent Group Thread-Fix Stent Group
p

(n = 14) (n = 13)

Complications related to stent placement, n (%)
Erosion 7 (50.0) 5 (38.5) 0.547
Reflux symptoms 5 (35.7) 5 (38.5) 0.883
Migration 1 (7.1) 0 (0) 0.326
Stent site stricture requiring balloon dilatation 0 (0) 3 (23.1) 0.057

* Interval between stent placement and discharge. Abbreviations: IQR, interquartile range.
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However, there were no significant between-group differences with respect to the time
interval between leakage diagnosis and complete leakage healing and to the proportions of
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stent placement-related complications (e.g., stent site erosion and reflux symptoms). Stent
migration occurred only in one patient in the Beta Stent Group. This patient developed
esophago-gastrostomy anastomosis site leakage after proximal gastrectomy, and the mi-
grated stent was repositioned to the leakage site using an endoscopic grasping forceps.
Stent site stricture occurred in 3 patients in the Thread-Fix Stent Group, and the stricture
was relieved via endoscopic balloon dilatations in all patients.

Until December 2020, long-term stent related complications were not developed.
However, cancer recurrence occurred in a total of 3 patients (2 in the Thread-Fix Stent
Group and one in the Beta Stent Group). All the patients received a systemic chemotherapy
for peritoneal cancer recurrence, but died due to the cancer recurrence (survival months
after the complete leakage closure: 12 months~28 months).

4. Discussion

Endoscopic treatment using SEMSs is an important treatment option for anastomotic
leakage after esophago-gastric surgery for cancer [11]. However, the thread-fix stent
used to prevent stent migration is also associated with prolonged discomfort and longer
hospitalization. The present study found that compared with a thread-fix stent, the Niti-S
Beta stent achieves a significantly higher success rate of complete leakage healing by first
stent placement without additional endoscopic procedures. In addition, the Beta stent
achieved a significantly longer stent maintenance duration without delay of leakage healing,
and half of the patients in the Beta Stent Group received outpatient management until stent
removal. Meanwhile, there was no significant difference in complications including stent
migration between the two stents. To our best knowledge, the present study is the first to
evaluate the effectiveness of the novel Niti-S Beta stent for the treatment of anastomotic
leakage after total or proximal gastrectomy for gastric cancer.

The Niti-S Beta stent is a novel stent designed to minimize the risk of stent migration
and to simplify the removal of stents for leakage or fistula after bariatric surgery. Two
recent studies showed that the Niti-S Beta stent is an effective endoscopic treatment for
leakage developing after bariatric surgery [16,17]. Tringali et al. reported a high rate of
successful leakage healing by the first stent placement (80%, 8/10 patients) [16]. Boerlage
et al. also reported a 100% success rate of leakage healing in patients who received the
Niti-S Beta stent as initial treatment [17]. A case report also showed that duodenal leakage
after right hemicolectomy was successfully treated using the Niti-S Beta stent [19]. In the
current study, the Niti-S Beta stent was highly effective, with leakage healing rates of 92.9%
in the first stent placement and without additional endoscopic procedures.

The rates of complete leakage healing after stent placement range from 70% to 85.7%
in patients who develop esophageal anastomotic leakage after esophagectomy or gas-
trectomy [12–14]. When assessed by the first stent placement, the success rates slightly
decrease to 51–80% [12–14]. Further, despite the high success rates of leakage healing, stent
migration is frequent, occurring in 25–61% of the patients depending on the anastomosis
type [12,13]. Various methods such as stent anchoring with clips [20], endoscopic suture
fixation [21], and external fixation using thread [15] have been used to prevent stent mi-
gration. However, these did not completely prevent the migration. The stent migration
rates remained to be approximately 13% for anchoring with clips method [21], 17% for
suture fixation [22], and 11% for external thread fixation [13–15]. In the current study, the
migration rate of the Niti-S Beta stent was only 7.1% (1/14 patients), and this was managed
without internal or external stent fixation methods. The migration occurred in the patient
with an esophago-gastrostomy anastomosis site. This low migration rate supports that
the Niti-S Beta stent could be an effective treatment for anastomotic leakage after total or
proximal gastrectomy with low risk of stent migration.

The thread-fix stent is frequently used for the treatment of anastomotic leakage after
esophago-gastric surgery owing to its effectiveness, with low rates of stent migration [13,14].
However, it is also associated with continuous discomfort from the external fixation similar
to that used in the ENBD procedure. Thus, long-term stent maintenance of four to six
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weeks requiring for complete leakage healing might be difficult. In this study, the duration
of stent maintenance was significantly shorter in the Thread-Fix Stent Group, and thus,
complete leakage healing rate by the first stent placement was significantly lower in the
Thread-Fix Stent Group than in the Beta Stent Group. Additional endoscopic procedures
were needed in 46.2% (6/13) of the patients. These data indicate the superiority of the
Niti-S Beta stent with respect to long-term stent maintenance until leakage healing after
total or proximal gastrectomy.

Outpatient management is an important advantage of the Niti-S Beta stent for anas-
tomotic leakage treatment. Although there was no significant difference in the interval
between leakage diagnosis and complete healing between the two stents, the duration of
hospitalization were significantly shorter in the Beta Stent Group than in the Thread-Fix
Stent Group. A total of 50% of the patients in the Beta Stent Group were on outpatient
management until complete leakage healing, whereas all patients in the Thread-Fix Stent
Group remained to be hospitalized because of external fixation through the nose. In addi-
tion, there was also no significant between-group difference in complications related to
stent placement.

Our study has some limitations. First, this is a retrospective study conducted in a
single center. Second, the patients in the Beta Stent Group and the Thread-Fix Stent Group
were recruited in two different periods. Although there was no significant between-group
difference in the baseline characteristics, inherent biases might not have been avoided.
Third, both groups included a small number of patients. Further large-scale prospective
studies are needed to validate our findings.

5. Conclusions

The novel Niti-S Beta stent is an effective treatment for anastomotic leakage that
develops after total or proximal gastrectomy for gastric cancer, with a low rate of stent
migration. It does not need external fixation, and thus has the advantage of a longer
duration of stent maintenance and a shorter hospitalization than the thread-fix stent.

Author Contributions: Conception and design: Y.-I.K., C.G.K., manuscript writing: Y.-I.K., C.G.K.,
collection and assembly of data: all authors, data analysis and interpretation: Y.-I.K., C.G.K., critical
revision of the manuscript: all authors. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was funded by the National Cancer Center, Korea, Grant Number 2010130.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of the NATIONAL
CANCER CENTER (Protocol Code NCC2017-0117 and date of approval 25 May 2017).

Informed Consent Statement: Patient consent was waived by the Institutional Review Board of the
National Cancer Center due to retrospective study design of this study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable request. The data is not publicly
available due to patient privacy and the General Data Protection Regulation.

Acknowledgments: This work was funded by the National Cancer Center, Korea, Grant Number
2010130.

Conflicts of Interest: The authors have no conflict of interest.

References
1. Sauvanet, A.; Mariette, C.; Thomas, P.; Lozac’h, P.; Segol, P.; Tiret, E.; Delpero, J.-R.; Collet, D.; Leborgne, J.; Pradere, B.; et al.

Mortality and morbidity after resection for adenocarcinoma of the gastroesophageal junction: Predictive factors. J. Am. Coll. Surg.
2005, 201, 253–262. [CrossRef]

2. Yoo, H.M.; Lee, H.H.; Shim, J.H.; Jeon, H.M.; Park, C.H.; Song, K.Y. Negative impact of leakage on survival of patients undergoing
curative resection for advanced gastric cancer. J. Surg. Oncol. 2011, 104, 734–740. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jamcollsurg.2005.02.002
http://doi.org/10.1002/jso.22045
http://www.ncbi.nlm.nih.gov/pubmed/21792945


Cancers 2021, 13, 3720 10 of 10

3. Sierzega, M.; Kolodziejczyk, P.; Kulig, J. Impact of anastomotic leakage on long-term survival after total gastrectomy for carcinoma
of the stomach. Br. J. Surg. 2010, 97, 1035–1042. [CrossRef]

4. Inokuchi, M.; Otsuki, S.; Fujimori, Y.; Sato, Y.; Nakagawa, M.; Kojima, K. Systematic review of anastomotic complications of
esophagojejunostomy after laparoscopic total gastrectomy. World J. Gastroenterol. 2015, 21, 9656–9665. [CrossRef] [PubMed]

5. Jung, D.H.; Lee, Y.; Kim, D.W.; Park, Y.S.; Ahn, S.-H.; Park, D.J.; Kim, H.-H. Laparoscopic proximal gastrectomy with double tract
reconstruction is superior to laparoscopic total gastrectomy for proximal early gastric cancer. Surg. Endosc. 2017, 31, 3961–3969.
[CrossRef] [PubMed]

6. Nishigori, T.; Okabe, H.; Tsunoda, S.; Shinohara, H.; Obama, K.; Hosogi, H.; Hisamori, S.; Miyazaki, K.; Nakayama, T.; Sakai, Y.
Superiority of laparoscopic proximal gastrectomy with hand-sewn esophagogastrostomy over total gastrectomy in improving
postoperative body weight loss and quality of life. Surg. Endosc. 2017, 31, 3664–3672. [CrossRef] [PubMed]

7. Hayami, M.; Hiki, N.; Nunobe, S.; Mine, S.; Ohashi, M.; Kumagai, K.; Ida, S.; Watanabe, M.; Sano, T.; Yamaguchi, T. Clinical
Outcomes and Evaluation of Laparoscopic Proximal Gastrectomy with Double-Flap Technique for Early Gastric Cancer in the
Upper Third of the Stomach. Ann. Surg. Oncol. 2017, 24, 1635–1642. [CrossRef] [PubMed]

8. Oh, S.J.; Choi, W.B.; Song, J.; Hyung, W.J.; Choi, S.H.; Noh, S.H. Complications requiring reoperation after gastrectomy for gastric
cancer: 17 years experience in a single institute. J. Gastrointest. Surg. 2009, 13, 239–245. [CrossRef] [PubMed]

9. Lee, S.; Ahn, J.Y.; Jung, H.Y.; Lee, J.H.; Choi, K.-S.; Kim, D.H.; Choi, K.D.; Song, H.J.; Lee, G.H.; Kim, J.-H.; et al. Clinical Outcomes
of Postoperative Upper Gastrointestinal Leakage According to Treatment Modality. Dig. Dis. Sci. 2016, 61, 523–532. [CrossRef]
[PubMed]

10. Lang, H.; Piso, P.; Stukenborg, C.; Raab, R.; Jähne, J. Management and results of proximal anastomotic leaks in a series of 1114
total gastrectomies for gastric carcinoma. Eur. J. Surg. Oncol. 2000, 26, 168–171. [CrossRef]

11. Messager, M.; Warlaumont, M.; Renaud, F.; Marin, H.; Branche, J.; Piessen, G.; Mariette, C. Recent improvements in the
management of esophageal anastomotic leak after surgery for cancer. Eur. J. Surg. Oncol. 2017, 43, 258–269. [CrossRef]

12. Feith, M.; Gillen, S.; Schuster, T.; Theisen, J.; Friess, H.; Gertler, R. Healing occurs in most patients that receive endoscopic stents
for anastomotic leakage; dislocation remains a problem. Clin. Gastroenterol. Hepatol. 2011, 9, 202–210. [CrossRef]

13. Shim, C.N.; Kim, H.I.; Hyung, W.J.; Noh, S.H.; Song, M.K.; Kang, D.R.; Park, J.C.; Lee, H.; Shin, S.K.; Lee, Y.C.; et al. Self-expanding
metal stents or nonstent endoscopic therapy: Which is better for anastomotic leaks after total gastrectomy? Surg. Endosc. 2014, 28,
833–840. [CrossRef]

14. Jung, G.M.; Lee, S.H.; Myung, D.S.; Lee, W.S.; Joo, Y.E.; Jung, M.R.; Ryu, S.Y.; Park, Y.G.; Cho, S.B. Novel Endoscopic Stent for
Anastomotic Leaks after Total Gastrectomy Using an Anchoring Thread and Fully Covering Thick Membrane: Prevention of
Embedding and Migration. J. Gastric Cancer. 2018, 18, 37–47. [CrossRef] [PubMed]

15. Shim, C.S.; Cho, Y.D.; Moon, J.H.; Kim, J.O.; Cho, J.Y.; Kim, Y.S.; Lee, J.S.; Lee, M.S. Fixation of a modified covered esophageal
stent: Its clinical usefulness for preventing stent migration. Endoscopy 2001, 33, 843–848. [CrossRef] [PubMed]

16. Tringali, A.; Bove, V.; Perri, V.; Landi, R.; Familiari, P.; BošKoski, I.; Costamagna, G. Endoscopic treatment of post-laparoscopic
sleeve gastrectomy leaks using a specifically designed metal stent. Endoscopy 2017, 49, 64–68. [CrossRef] [PubMed]

17. Boerlage, T.C.C.; Houben, G.P.M.; Groenen, M.J.M.; Linde, K.; Laar, A.W.J.M.; Emous, M.; Fockens, P.; Voermans, R.P. A novel
fully covered double-bump stent for staple line leaks after bariatric surgery: A retrospective analysis. Surg. Endosc. 2018, 32,
3174–3180. [CrossRef] [PubMed]

18. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2014 (ver. 4). Gastric Cancer 2017, 20, 1–19.
[CrossRef] [PubMed]

19. Granata, A.; Curcio, G.; Ligresti, D.; Tarantino, I.; Barresi, L.; Solina, G.; Traina, M. Overtube-assisted over-the-wire stent
placement to treat a post-surgical duodenal leak. Endoscopy 2016, 48 (Suppl. 1), E220–E221. [CrossRef]

20. Vanbiervliet, G.; Filippi, J.; Karimdjee, B.S.; Venissac, N.; Iannelli, A.; Rahili, A.; Benizri, E.; Pop, D.; Staccini, P.; Tran, A.; et al. The
role of clips in preventing migration of fully covered metallic esophageal stents: A pilot comparative study. Surg. Endosc. 2012,
26, 53–59. [CrossRef] [PubMed]

21. Kantsevoy, S.V.; Bitner, M. Esophageal stent fixation with endoscopic suturing device (with video). Gastrointest. Endosc. 2012, 76,
1251–1255. [CrossRef] [PubMed]

22. Law, R.; Prabhu, A.; Fujii-Lau, L.; Shannon, C.; Singh, S. Stent migration following endoscopic suture fixation of esophageal
self-expandable metal stents: A systematic review and meta-analysis. Surg. Endosc. 2018, 32, 675–681. [CrossRef] [PubMed]

http://doi.org/10.1002/bjs.7038
http://doi.org/10.3748/wjg.v21.i32.9656
http://www.ncbi.nlm.nih.gov/pubmed/26327774
http://doi.org/10.1007/s00464-017-5429-9
http://www.ncbi.nlm.nih.gov/pubmed/28342130
http://doi.org/10.1007/s00464-016-5403-y
http://www.ncbi.nlm.nih.gov/pubmed/28078458
http://doi.org/10.1245/s10434-017-5782-x
http://www.ncbi.nlm.nih.gov/pubmed/28130623
http://doi.org/10.1007/s11605-008-0716-3
http://www.ncbi.nlm.nih.gov/pubmed/18850251
http://doi.org/10.1007/s10620-015-3880-9
http://www.ncbi.nlm.nih.gov/pubmed/26537488
http://doi.org/10.1053/ejso.1999.0764
http://doi.org/10.1016/j.ejso.2016.06.394
http://doi.org/10.1016/j.cgh.2010.12.010
http://doi.org/10.1007/s00464-013-3228-5
http://doi.org/10.5230/jgc.2018.18.e2
http://www.ncbi.nlm.nih.gov/pubmed/29629219
http://doi.org/10.1055/s-2001-17326
http://www.ncbi.nlm.nih.gov/pubmed/11571679
http://doi.org/10.1055/s-0042-117235
http://www.ncbi.nlm.nih.gov/pubmed/27706525
http://doi.org/10.1007/s00464-018-6034-2
http://www.ncbi.nlm.nih.gov/pubmed/29344787
http://doi.org/10.1007/s10120-016-0622-4
http://www.ncbi.nlm.nih.gov/pubmed/27342689
http://doi.org/10.1055/s-0042-109266
http://doi.org/10.1007/s00464-011-1827-6
http://www.ncbi.nlm.nih.gov/pubmed/21792721
http://doi.org/10.1016/j.gie.2012.08.003
http://www.ncbi.nlm.nih.gov/pubmed/23031249
http://doi.org/10.1007/s00464-017-5720-9
http://www.ncbi.nlm.nih.gov/pubmed/28726147

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Gastrectomy Protocol 
	Diagnosis and Initial Management of Anastomotic Leakage 
	Stent Placement and Follow-Up 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Characteristics and Initial Management for Anastomotic Leakage 
	Treatment Outcomes After Stent Placement 

	Discussion 
	Conclusions 
	References

