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Abstract
Background The use of fully covered self-expandable metallic stents (FCSEMS) has opened the door to treat stenosis in the post-
bariatric stomach.We hypothesized that endoscopically securing a FCSEMSwould be technically feasible, effective, and safe for
> 30-day dwell time.
Objectives To assess the technical feasibility, clinical efficacy, and safety of endoscopically secured FCSEMS in the stomach for
> 30 days.
Methods A retrospective review (September 2016 to April 2018) of consecutive patients who underwent FCSEMS suturing in
the stomach at a single academic institution was reviewed. Technical success, stent dwell time, symptoms, and adverse events
were recorded.
Results Fifteen patients (median age of 49 (31–70)) were included. Stents were inserted for gastrojejunal (GJ) stricture or gastric
stenosis in 9/15 and 6/15 of patients, respectively. All procedures were technically successful (100%). Immediate and short-term
clinical success (prior to stent removal) was 100% in patients who did not have stent migration. Stent migration was seen in 3
cases (20%) after a median dwell time of 211 days. However, 2/3 (66.6%) had not attended their scheduled removal. Recurrence
of symptoms after stent removal was seen in 53.3% of patients with 40% undergoing repeat stenting.Median stent dwell was 117
(30–342) days. Sixty percent and 33% of patients had stent dwell of at least 90 and 180 days, respectively.
Conclusions A FCSEMS, if secured, may be safe and effective for even > 90-day dwell time in the post-bariatric stomach and
may result in long-term clinical success for GJ stricture after stent removal.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11695-019-04021-0) contains supplementary
material, which is available to authorized users.

* Vivek Kumbhari
vkumbhari@gmail.com; vkumbha1@jhmi.edu

Lea Fayad
leafayad@gmail.com

Cem Simsek
cemsimsek90@gmail.com

Roberto Oleas
robertoleas@gmail.com

Yervant Ichkhanian
yichkha1@jhmi.edu

Georges E. Fayad
georgefayad@live.com

Saowanee Ngamreungphong
sngamru1@jhmi.edu

Michael Schweitzer
mschwei7@jhmi.edu

Anthony N. Kalloo
akalloo@jhmi.edu

Mouen A. Khashab
mkhasha1@jhmi.edu

1 Division of Gastroenterology, Johns Hopkins Medical Institutions,
Baltimore, MD, USA

https://doi.org/10.1007/s11695-019-04021-0
Obesity Surgery (2019) 29:3484–3492

Published online: 28 June 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-019-04021-0&domain=pdf
http://orcid.org/0000-0002-7772-9006
https://doi.org/10.1007/s11695-019-04021-0
mailto:vkumbhari@gmail.com
mailto:vkumbha1@jhmi.edu


Keywords Fully covered self-expandablemetallic stents . Endoscopic suturing . Roux-en-Y gastric bypass . Laparoscopic sleeve
gastrectomy . Sleeve stenosis

Introduction

The growing population of patients undergoing bariatric sur-
gery will invariably lead to a growing number of patients who
present with late complications requiring revision. Revision
surgeries accounted for 13.9% of all bariatric surgeries per-
formed in 2016, a rise from 6% in 2011. The increased need
for revision of post-bariatric anatomy has resulted in the de-
velopment of minimally invasive endoscopic interventions to
treat post-bariatric complications [1].

In the post-bariatric surgery population, obstruction can
result from various anatomical changes including gastric
sleeve stenosis after laparoscopic sleeve gastrectomy (LSG)
and gastrojejunal (GJ) anastomotic stricture after Roux-en-Y
gastric bypass (RYGB). Gastric stenosis occurs in 0.7 to 4% of
patients after LSG and results in obstructive symptoms includ-
ing nausea, vomiting, and abdominal pain [2–4]. GJ anasto-
motic stricture is the most common early complication asso-
ciated with RYGB, with reported rates between 3.4 and 7.1%
[5, 6]. One method in the arsenal of endoscopic therapies is
endoscopic stent insertion, which has proven success in the
treatment of benign upper gastrointestinal obstruction [7–9].

Fully covered metal stents are advantageous due to their
removability, which allows them to be useful in the treatment
of benign upper GI conditions, including post-surgical com-
plications. Stent migration remains a significant problem,
however, occurring in 58% of patients in a study using fully
covered stents to treat post-bariatric anastomotic complica-
tions [8] and 35.5% of patients in a study for benign upper
gastrointestinal indications [10]. Risk factors for stent migra-
tion include benign conditions and the use of a FCSEMS [10],
which are both present in post-bariatric cases. Stent migration
may cause adverse events and require reintervention or sur-
gery [8].

One solution for stent migration is the endoscopic fixation
of stents. Stent fixation through endoscopic scope clips and
over the scope clip and suturing are some solutions [11–13].
However, an ex vivo study has shown sutured stents to be
superior to clips or non-sutured stents in strength of the force
required to dislodge the stent and ability to reduce stent mi-
gration [13]. Successful endoscopic suturing of stents for be-
nign upper gastrointestinal conditions was first reported by
Kantsevoy and Bitner [14]. Studies since then have shown a
variable success rate. Ngamruengphong et al. (2016) per-
formed the first large study to assess the outcomes of sutured
versus non-sutured FCSEMS for benign upper gastrointestinal
conditions. Patients with a sutured stent had significantly less
stent migration and longer time to migration, with a similar

rate of adverse events [15]. However, there are no studies thus
far that have looked at the use of sutured FCSEMS in the post-
bariatric stomach. Additionally, there have been no studies
looking at the use of FCSEMS for long-term dwell in this
subpopulation. The ability to secure FCSEMS in the stomach
by endoscopic suturing has opened the door to treat post-
surgical anatomical complications refractory to more conser-
vative management. This study describes a novel approach for
the management of this pool of patients that is refractory to
other therapies. We aimed to assess the technical feasibility,
clinical efficacy, and safety of endoscopically secured
FCSEMS (S-FCSEMS) in the stomach for greater than
30 days. Our primary objective was to assess technical feasi-
bility of suturing a FCSEMS in the post-bariatric stomach.
Our secondary objectives included assessing the adverse event
rate, with a focus on stent migration rate, in addition to the
short- and long-term clinical success of a S-FCSEMS. We
hypothesized that a S-FCSEMSwould be technically feasible,
safe, and effective for at least 30-day dwell time in the post-
bariatric stomach.

Methods

Patients

We performed a retrospective review of a prospectively col-
lected database between September 2016 and April 2018 of
consecutive patients who had a received an S-FCSEMS for a
benign upper gastrointestinal stenosis or stricture subsequent
to bariatric surgery. This included patients with gastric steno-
sis after LSG and patients with GJ stricture after RYGB.

GJ stricture was defined as a GJ diameter less than 8 mm
and an inability in traversing the stomach to the jejunum using
a standard endoscope. Gastric stenosis was diagnosed either
radiographically by barium swallow or endoscopically in
symptomatic patients. In particular, rotation of the staple line,
inability to visualize lumen distal to the presumed stenotic
area, and a dilated upstream stomach were used to make the
diagnosis. Patients with gastric stenosis were included if they
were refractory to at least one balloon dilation. At our center,
an algorithm for the endoscopic management of gastric steno-
sis has been developed and put into practice. A patient with
gastric stenosis initially undergoes 30-mm achalasia balloon
dilation, then 35-mm achalasia balloon dilation up to 4 times if
persistent. In cases that remain symptomatic after four dila-
tions or in cases where there is no or minimal improvement
with earlier dilations, a FCSEMS is placed across the stenosis
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and endoscopically fixed. This algorithm has been proven
successful with 88.2% of patients reporting symptom im-
provement [16]. As the safety and efficacy of S-FCSEMS
became more apparent during clinical practice, we were more
likely to introduce S-FCSEMS earlier in patients, especially
those who had no response to balloon dilations, who were
within 4 weeks of their surgery or had sleeve lumens too small
to comply with the > 30-mm dilation balloons.

All patients were offered surgical revision including
seromyotomy or conversion/revision to Roux-en-Y gastric
bypass in the case of stenosis/stricture. Cases were discussed
as part of a multidisciplinary team including a clinical bariatric
nurse, bariatric surgeon, and bariatric endoscopist. All patients
gave fully informed consent to undergo the procedure.

Procedure

All procedures were performed by a single endoscopist with
experience in endoscopic suturing (VK). Stent insertions were
performed under general anesthesia. A standard endoscope
was first advanced into the stomach to assess the stenosis or
stricture with an attempt to reach the pyloric area in patients
post-LSG or jejunal limb in patients post-RYGB. If gastric
stenosis or GJ stricture was found, a guidewire was advanced
and a FCSEMS was deployed over the guidewire. Prior expe-
rience had revealed that the WallFlex™ esophageal FCSEMS
(Boston Scientific, Natick, MA) was found to cause mucosal
erosions and tissue invagination into the distal end of the stent.
Thus, most patients in this study received a Niti-S (Taewoong,
Seoul, South Korea) FCSEMS, which is softer and less likely
to cause injury to the gastric wall [17].

The stent was endoscopically secured with up to four 2-0
Prolene sutures with the use of a full-thickness endoscopic
suturing system, OverStitch (Apollo Endosurgery, Austin,
TX, USA). The suture pattern was as follows: bite using the
tissue helix through the gastric wall, bite through the stent, and
then bite using the tissue helix through the gastric wall
(Video 1). Sutures were placed such that there was minimal
tension on the gastric wall. To facilitate this, sutures were not
cinched too tightly and were simply snug, and the distance
between the gastric wall bites and the bite through the stent
was minimized.

Stent Removal

All stents were intended to remain in situ for > 30 days. The
rationale behind long-term dwell was that stent insertion con-
fers proven symptomatic improvement when in situ.
However, this symptomatic improvement may not persist
post-stent removal. Our goal was to prolong symptom relief
by prolonging stent dwell times safely. Patients were sched-
uled for a follow-up esophagogastroduodenoscopy (EGD) for
stent removal at different time intervals depending on the

clinical indication, pathology encountered, and number of su-
tures successfully placed. Stents were removed earlier than
was intended if patients presented with symptoms of intoler-
ance or in case of stent migration.

During stent removal, retained sutures connected to the
FCSEMS were cut with Ensizor Flexible Endoscopic
Scissors (Slater Endoscopy, Miami, FL, USA), and stent re-
moval was performed using stent grasping forceps. In patients
where we had noted partially uncovering of the stents with
tissue ingrowth, stent removal was performed using the inver-
sion technique [18]. In this technique, the endoscope was
passed forward through the stent, grasping its distal end with
the forceps. Then, endoscope and forceps were pulled back-
wards together, peeling off the stent and removing it in an
inverted manner.

Outcomes

Patient demographics including age and sex were collected.
Prior surgery, indication for procedure, and prior therapies
were collected. Procedural data such as stent deployment lo-
cation, stent size, and number of sutures used was also col-
lected. The primary endpoint of technical success was defined
as successful stent deployment and securing of the stent with
sutures. Immediate clinical success was defined as improve-
ment or complete resolution of symptoms 1 week after stent
insertion. Short-term clinical success was defined as contin-
ued resolution or improvement of symptoms at the time of
stent removal. Long-term clinical success was defined as con-
tinued resolution or improvement of symptoms after stent re-
moval or migration for the entire duration of the follow-up
period. Stent migration was defined as displacement of stent
from its initial placement site and was evaluated if patients had
symptom recurrence or development of new symptoms.

Results

Baseline Characteristics

Fifteen patients received S-FCSEMS between September
2016 and April 2018. Patients’ age ranged between 31 and
70 years with a median age of 49 (80% female). Nine out of 15
patients (60%) were post-RYGB with a GJ stricture, and 6 out
of 15 patients (40%) were post-sleeve gastrectomy with gas-
tric body stenosis. Presenting symptoms included nausea,
vomiting, regurgitation, heartburn, dysphagia, and food intol-
erance. Patients frequently had a constellation of symptoms
resulting from additional anatomical or physiological abnor-
malities that resulted in a complicated clinical presentation not
directly related to the stenosis itself. Three out of 15 (20%)
patients had concurrent complications due to post-surgical
anatomy. One patient had a staple line leak, one patient had
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a gastrogastric fistula, and a third patient had a gastrogastric
fistula and marginal ulcer.

Prior Therapies

Most patients were initially referred from bariatric surgeons
directly to our center or to another endoscopist who had
attempted other interventions before referring to our center.
Prior therapies are shown in Table 1. In patients with gastric
stenosis, all patients had prior pneumatic balloon dilations.
Patient GS2 had a concurrent staple line leak which was treat-
ed prior by stenting. In this patient, overlapping stents were
placed from the distal esophagus to the gastric antrum such
that adequate diversion of the leak would be achieved and the
stenosis would be traversed. No other prior interventions were
performed in this patient. In patients with GJ stricture, 2 out of
9 (22.2%) had prior steroid injections and 2 (22.2%) patients
had prior four-quadrant knife incisions. Two patients (22.2%)
had previous stents placed at an outside institution that were
not secured and had migrated.

Procedural Characteristics

Average room time (anesthesia preparation and recovery as
well as endoscopy time) was 71.9 ± 24.5 min. Only 2 patients
with gastric stenosis had WallFlex™ (Boston Scientific,
Natick, MA) FCSEMS placed, of size 23 × 125 mm. The re-
maining gastric stenosis patients and all GJ stricture patients
had Niti-S™ (Taewoong, Seoul, South Korea) FCSEMS
placement. The diameter of the Niti-S FCSEMS was 18 mm

in all patients. The 60-mm-length stent was used in 6/13 of
patients, and the 80-mm-length stent was used in 7/13
patients.

To secure the stent, the intention was to place 4 sutures per
patient; however, this was not always technically feasible. In
patients with GJ stricture, two sutures were applied in 1/9 of
the patients, three sutures in 4/9 of the patients, and four su-
tures in 3/9 of the patients. In patients with gastric stenosis,
two sutures were applied in 2/6 of the patients, three sutures in
2/6 of the patients, and four sutures in 2/6 of the patients. The
technical success rate for the S-FCSEMS placement was
100%.

Post-Procedural Outcomes

The stents were well tolerated with only up to 24 h of mild
post-procedural discomfort, with the exception of one patient
who experienced significant post-procedural pain managed
conservatively. Imaging was performed on this patient and
the stent was confirmed in place. The pain was managed med-
ically and the patient was discharged the next day pain-free.

Immediate clinical success (immediately after stent inser-
tion) was 100%. Short-term clinical success (prior to stent
removal) was 80% and was 100% in those who did not expe-
rience stent migration. Patients were followed up a median
time of 17 months (range 7–24) from stent insertion. During
the follow-up period, long-term clinical success was 46.7%,
with 8/15 (53.3%) patients experiencing recurrence of their
symptoms. Of those, 4 out of 6 (66.7%) were gastric stenosis
patients and 4 out of 9 (44.4%) were GJ stricture patients. One

Table 1 Table detailing the clinical characteristics of each case within the described series

Location of stenosis and prior surgery ID Prior therapy Days with FCSEMS

GJ stricture post-RYGB GJ1 Balloon dilation
Non-secured FCSEMS

342

GJ2 Balloon dilation + steroid injection
Non-secured FCSEMS

276

GJ3 Balloon dilation 57

GJ4 Balloon dilation 210

GJ5 Balloon dilation 92

GJ6 Incision + balloon dilation + steroid injection 91

GJ7 Balloon dilation 172

GJ8 Balloon dilation 50

GJ9 Incision + balloon dilation 32

Gastric stenosis (GS) post-sleeve gastrectomy GS1 Balloon dilation 246

GS2 Balloon dilation
Non-secured FCSEMS

30

GS3 Balloon dilation 211

GS4 Balloon dilation 31

GS5 Balloon dilation 84

GS6 Balloon dilation 98

RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy, GJ gastrojejunostomy, FCSEMS fully covered self-expandable metal stent
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patient was lost to follow-up after symptom recurrence, and all
others underwent further management. One patient underwent
EGD with dilation using a 30-mm achalasia balloon. Six pa-
tients underwent repeat stenting. Of those, patient GJ1 expe-
rienced stent migration necessitating surgical removal of the
stent. Patient GJ9 failed repeat stenting and required surgical
revision.

Two of the five patients who underwent repeat stenting
received multiple consecutive S-FCSEMS. Patient GS1 re-
ceived a S-FCSEMS for 246 days (8 months) for gastric ste-
nosis and had an uncomplicated course. Due to symptom re-
currence after removal, this patient received a total of 4 con-
secutive stents and experienced stent migration of the last two
stents. Unfortunately, this patient developed recurrence of
symptoms requiring surgical revision of her bypass with par-
tial gastric resection. Patient GJ6 also experienced a recur-
rence of symptoms after removal, so a second S-FCSEMS
was applied, which migrated at 180 days and was removed
endoscopically without complication. A third stent was then
applied, and a follow-up endoscopy after 180 days showed a
wide open GJ with complete resolution of symptoms.

S-FCSEMS were intended to be removed after a
preestablished time period which was determined by the pro-
vider taking clinical and procedural aspects into consideration.
In most cases (11/15, 66.7%), stents were removed as sched-
uled. All patients with removal as scheduled were asymptom-
atic except for one patient who reported vomiting. Two pa-
tients did not require removal as the stent had migrated and
passed in the stool, and one patient required surgical removal
due to migration and intestinal obstruction. Overall, 9 (60%)
and 5 (33%) out of 15 of the patients had stent dwell times >
90 and > 180 days, respectively.

Adverse events were seen in 3 cases (20%) in this series
and all were stent migrations. However, worthy of note is that
most of these patients (2/3, 66.6%) were non-compliant and
had not attended their intended visit for stent removal. These
patients had a median stent dwell time of 211 days, and only
one patient had stent migration at less than 180 days (at
30 days). Only one patient required an emergency department
visit with readmission.

Of the patients treated for gastric stenosis, patients GS2 and
GJ9 had stent migration at 30 and 211 days, respectively.
Patient GS2 required medical consultation and an abdominal
X-ray to confirm that the stent had passed in the stool, a mild
adverse event according to American Society for
Gastrointestinal Endoscopy (ASGE) lexicon. In patient GS3,
the passing of the stent was confirmed visually in the stool
without complication.

Of the patients with GJ stricture, one patient experienced
stent migration and had a complicated course. After the pro-
cedure, she refused to return for follow-up due to complete
symptom resolution and fear of recrudescence of symptoms if
the stent was removed. She missed her planned procedure for

stent removal at 120 days (4 months). She presented at
276 days with a migrated stent causing intestinal obstruction,
which required surgical management. This was graded as a
severe adverse event according to ASGE lexicon.

Findings on Stent and Suture Removal

Twelve out of fifteen patients had endoscopic stent removal
(Fig. 1). One patient had no attached sutures to the stent. In the
other patients, sutures connected to the FCSEMS were re-
moved with Ensizor Flexible Endoscopic Scissors (Slater
Endoscopy, Miami, FL, USA). Stent removal was performed
using Raptor Stent Grasping Device (US Endoscopy, Mentor,
OH) in 11/12 patients (Video 2). Two patients had stents
which became partially uncovered with tissue ingrowth at
follow-up (Fig. 2), and stent removal was performed using
the inversion technique [18]. After en bloc stent removal, con-
trast was injected and demonstrated excellent flow from the
esophagus to the jejunum. The stricture had markedly
improved.

Endoscopic evaluation at stent removal showed a patent
stenosis in all evaluated patients. Findings at removal included
a shallow ulceration at the distal end of the stent in one patient.
One patient had their stent slightly dislodged proximally into
the gastric pouch but still tethered to sutures. In one case, the
proximal portion of the stent was frayed making it difficult to
remove some sutures (Fig. 3). We did not consider the inci-
dental EGD findings mentioned above to be adverse events
because the patients were completely asymptomatic and these
findings did not result in any further complications after stent
removal.

Discussion

The development of stenosis in the post-bariatric surgery
stomach is a common adverse event with limited endoscopic
treatment options. Our case series is the first study to demon-
strate that the use of an S-FCSEMS for the treatment of ste-
nosis in the post-bariatric patient is technically feasible, safe,
and efficacious. We have found that FCSEMS placed can
remain in situ greater than 30 days and for up to 180 days
(6 months) with a low rate of serious adverse event, indicating
that long-term dwell is possible. Patients in this series experi-
enced minimal pain post-procedure, demonstrating tolerabili-
ty of this procedure.

Clinical outcomes showed excellent immediate clinical
success (100%), with somewhat reduced short-term success
(80%), due to stent migration from failure to remove the stent
at the intended time. However, long-term clinical success was
low, with 53.3% of patients developing symptom recurrence
within the 17-month (range 7–24) follow-up period and re-
quiring repeat treatment, medical intervention, or surgical
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intervention. Clinical success was thus seen mostly during the
stent dwell time and was significantly decreased after stent
removal, suggesting that long-term therapy may require mul-
tiple repeat treatments or revision surgery. In addition, patients
with gastric stenosis had a higher rate of long-term clinical
failure, with 66.7% of patients developing recurrence of
symptoms, as compared with a 44.4% of patients who had
GJ stricture. Even though the series was small and true com-
parisons cannot be made, we noted a trend towards better
long-term outcomes in patients with GJ stricture. This may
be attributable to the fact that the GJ stricture represents a true

stenosis whereas the stenosis post-gastric sleeve is more func-
tional in nature. Thus, it would not be surprising for the two
groups to have similar short-term outcomes when the stent is
in situ. However, this clinical success is short-lived in the
gastric stenosis group. S-FCSEMS may be better suited for
GJ stricture and would not be advised for gastric stenosis.

Typically, stenosis in the setting of post-surgical anatomy is
managed conservatively first, and multiple interventions are
performed before surgical intervention or gastric stenting is
considered [16, 19]. In patients who are responsive to other
therapies, the risk of potential stent migration and consequent
adverse events outweighs the clinical benefit that is compara-
ble to that achieved using balloon dilation, incision, or other
methods. An additional concern with sutured stents is that
leaving a stent in situ for > 4 weeks results in the potential

Fig. 1 a Endoscopic view of a gastrojejunal anastomotic stricture in a
patient post-Roux-en-Y gastric bypass. b Insertion of an 18 × 60 Niti-S
(Taewoong, Seoul, South Korea) fully covered self-expandable metal
stent (FCSEMS). c Endoscopic suturing of the FCSEMS using the
OverStitch (Apollo Endosurgery, Austin, TX, USA) endoscopic

suturing device. d Endoscopic view of a patent FCSEMS after
endoscopic placement of 4 sutures. e Endoscopic image of the
FCSEMS in place and patent at 91 days with intact sutures. f
Gastrojejunal anastomosis after stent removal using stent grasping
forceps

Fig. 2 Endoscopic view of a S-FCSEMS with tissue ingrowth into the
stent after dwell time of 342 days

Fig. 3 Endoscopic view of a frayed, broken stent seen at follow-up EGD
after dwell time of 172 days
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for the development of tissue inflammation and/or ulceration.
However, this case series shows success in preventing migra-
tion by suturing the stent without a significant increase in risk
for ulceration or other adverse events. Particularly, we believe
that the use of the softer, more pliable, Niti-S (Taewoong,
Seoul, South Korea) FCSEMS in most cases prevented injury
to the gastric wall [17]. Due to the success of this intervention
in our small cohort, we believe further prospective studies
should be performed evaluating this method. In particular,
the safe use of this procedure would necessitate the elucidation
of risk factors for migration and the development of an algo-
rithm for determining the intended dwell time of each stent.

One advantage of placing S-FCSEMS is that it is repeat-
able. However, in our patient cohort, patients who received
serial placement of S-FCSEMS were more likely to experi-
ence an adverse event, particularly stent migration. Eighty
percent of patients who received serial stent placement expe-
rienced at least one stent migration. We hypothesize that re-
peated procedures that require sutures to be once again placed
in the post-surgical stomach may not be as durable due to mild
deformation, scarring, or inflammation of the mucosa and
submucosa induced by the initial stent. Therefore, subsequent
repeat suturing of a stent in the same location may result in
gastric wall bites that do not adequately penetrate the full
thickness of the gastric wall, compromising the long-term
functionality of these sutures. Further study needs to be per-
formed to ascertain if this is indeed true.

In post-bariatric surgery, the stomach has a small lumen,
which makes maneuvering the endoscope difficult and endo-
scopic suturing technically challenging. However, our study
had a 100% technical success rate, suggesting that this proce-
dure is certainly technically feasible. Endoscopic suturing
learning curve studies have shown efficiency attained between
7 and 38 cases, which is encouraging, but further studies may
seek to look at the learning curve of stent suturing, particularly
in the smaller gastric lumen of post-bariatric patients [20, 21].
The current OverStitch (Apollo Endosurgery, Austin, TX,
USA) endoscopic suturing device requires the use of a
double-channel therapeutic endoscope, limiting maneuver-
ability and adoption. Future advances in the device model
have the potential to make suturing technically easier and
consequently make such procedures more accessible to
patients.

Some important technical considerations in this procedure
include size of stent, number of sutures, and suturing tech-
nique. Preference was to use a 60-mm-length stent in all pa-
tients. The rationale behind using a 60-mm-length stent was
the concern for migration. Shorter stents, if they do migrate,
are less likely to cause obstructive symptoms and serious ad-
verse events. In some cases, when the distance between GJ
and Roux limb was longer, an 80-mm-length stent was used
instead to ensure the distal end did lie in the Roux limb. The
goal in all patients was to place 4 equidistant sutures for each

stent. However, this was not possible in all patients due to
technical difficulty, specifically restricted luminal size.
Another important goal was to use the tissue helix for each
bite through the gastric wall. The belief was that full-thickness
bites would minimize “cheese wiring” of the tissue through
the stent. Furthermore, there was an emphasis on ensuring that
we were not cinching too tightly to minimize tension on su-
tures. This is because we aimed to have some mobility in the
stent, allowing for peristalsis to occur without compromising
the attachment of the suture to the gastric wall. Previous re-
ports have suggested that tighter sutures may go through the
mucosa and remain only attached to the stent, rendering them
non-functional [13]. Keeping sutures relatively loose also
made it easier to cut the sutures during suture removal.
Another method to minimize tension was to suture the stent
where it was resting naturally, instead of forcing the stent to
take a midline position in the lumen.

Concerns that arise when leaving stents in the gastric
body for greater than 30 days include stent occlusion and
mucosal ulceration. Based on experience from a previous
study, we chose the Niti-S (Taewoong, Seoul, South
Korea) stent in most cases because it results in less mu-
cosal ulceration [16]. In this series, only one patient had
ulceration after 342 days. Additionally, no patients had
stent occlusion. These findings are promising and suggest
that long-term dwell of these sutured stents may be safe.
An interesting finding in our study was that in some pa-
tients, a part of the covered stent became effectively un-
covered. The acidity of the stomach, movement of gastric
contents through the stent, and the presence of sutures
disrupting the stent covering are all factors which limit
the time of dwell of these stent and necessitate stent ex-
change. In these cases, the inversion technique, used for
partially covered stents would be the best method for stent
retrieval [18]. In this study, 33.3% of patients had a stent
dwell of 180 days (6 months) or greater. Stent migration
occurred in 20% of our patients. Importantly, only 1 out
of 15 patients experienced stent migration at less than
180 days (6 months). Our experience with this case series
highlights the importance of close follow-up, both clinical
and endoscopic, in patients with S-FCSEMS. Patients
who were lost to follow-up and failed to present for stent
removal cited symptom resolution/improvement and re-
luctance to remove the stent in the absence of any adverse
effects as the reason for improper follow-up. Thus, stent
migration could be eliminated with close follow-up and
proper patient education about the importance of stent
removal. As we accumulated clinical experience with S-
FCSEMS, it also became apparent that an endoscopic
follow-up is vital in patients with S-FCSEMS for >
60 days (2 months) due to concerns about stent migration.
We suggest performing a relook endoscopy at 60 or
90 days post-insertion in every patient to determine
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whether stent removal is necessary or whether stent rein-
forcement with additional sutures is needed.

This study has all limitations inherent to a retrospec-
tive design. There is significant variability between pa-
tients in terms of case presentation, prior interventions,
and intended time of dwell, which makes the results
difficult to generalize. A future prospective study may
consider standardizing the patients by performing treat-
ment based on a predetermined algorithm taking into
account patient history, failed interventions, and degree
of stenosis. Another limitation is that all procedures
were performed by an endoscopist with significant ex-
perience in endoscopic suturing. Endoscopists naïve to
the use of endoscopic suturing may have a lower tech-
nical success rate, influencing outcomes. Finally, we
cannot comment on the long-term clinical efficacy after
stent removal due to the short term of follow-up.

Limitations of the procedure include the cost of the
procedure and the additional procedural time required
for endoscopic suturing, with a mean of 71.9-min room
time in this study. Additionally, this procedure is tech-
nically difficult, and even when an endoscopist with
significant suturing experience performed the procedure,
stent migration remained an issue, particularly when pa-
tients received multiple consecutive stents. Additionally,
long-term clinical success is not guaranteed. Since this
therapy requires two procedures (stent insertion and re-
moval) and often requires multiple consecutive treat-
ments, serious discussions must be had with patients
before moving forward with a treatment plan.

In conclusion, our case series is the first to demonstrate the
technical feasibility of suturing FCSEMS in the post-surgical
stomach. Using a standard suturing technique and preference
for the Niti-S (Taewoong, Seoul, South Korea) FCSEMS, we
achieved stent dwell of up to 90 days with a good safety
profile and acceptable clinical success. However, clinical suc-
cess seemed to be mostly limited to the duration of stent dwell
and to patients with GJ stricture. With future advances in the
endoscopic suturing system and stent size and design, S-
FCSEMS have the potential to become a mainstay in the treat-
ment of GJ stricture.
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