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Introduction
Postoperative nonanastomotic strictures are usually caused 
by adhesions and are the most common cause of small bowel 
obstruction.1 Although in the absence of peritonitis or isch-
emia, this condition can usually be managed nonoperatively, 
some patients require surgical intervention.2,3 Current clinical 
practice guidelines recommend that nonoperative manage-
ment should not exceed 3–5 days because the possibility of 

spontaneous resolution is low after this period.2,3 However, 
in real practice, surgeons often extend nonoperative manage-
ment to >5 days due to concerns of further adhesion forma-
tion from surgical exploration.4 Paradoxically, the incidence 
of small bowel obstruction increases with the number of oper-
ations performed for its management.3 In addition, surgery 
is associated with a very high morbidity rate and occasional 
mortality.5,6
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Objective: To evaluate the efficacy and safety of fluoro-
scopic self-expandable metallic stent (SEMS) placement 
for treating postoperative nonanastomotic strictures in 
the proximal small bowel.
Methods: Data from 8 consecutive patients (mean age, 
63.8 ± 6.9 years; 7 males and 1 female) who underwent 
17 fluoroscopic SEMS placement procedures in total 
for treating postoperative nonanastomotic strictures 
in the proximal jejunum were retrospectively reviewed. 
The most recent surgery for all the patients was total 
gastrectomy with esophagojejunostomy. Strictures were 
located in the proximal jejunum in all patients. The mean 
length of the strictures was 5.8 ± 2.0 cm. Five patients 
with comorbidities were poor surgical candidates. 
Four patients underwent fluoroscopic balloon dilation, 
three of whom showed no resolution of obstructive  
symptoms and one demonstrated recurrence of 
symptoms.
Results: Technical and clinical success was achieved in 
100% (17/17) SEMS procedures. Complete resolution of 
obstructive symptoms and improvement in oral intake 

status occurred within 3 days after all procedures, 
rendering a clinical success rate of 100% (17/17). No 
complication occurred during or after the procedures. 
The median follow-up duration was 167 [interquartile 
range (IQR), 48–576] days. Stent malfunction occurred 
after 58.8% (10/17) of the procedures, including six 
occurrences of stent migration and four of benign tissue 
hyperplasia. Surgical removal of the migrated stents 
was performed in two patients. Recurrence of symp-
toms occurred after 64.7% (11/17) of the procedures. The 
median stent dwell and recurrence-free times were 32 
(IQR, 20–193) and 68 (IQR, 38–513) days, respectively.
Conclusion: Fluoroscopic SEMS placement may be 
effective and safe for treating postoperative nonanas-
tomotic strictures, but stent malfunction and recurrence 
are major drawbacks.
Advances in knowledge: SEMS placement is effec-
tive and relatively safe in patients with postopera-
tive nonanastomotic strictures in the proximal small  
bowel. Patients section and counseling is highly 
encouraged.
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Fluoroscopic balloon dilation (FBD) has been a valid treatment 
option for benign strictures of the esophagus and gastric outlet, 
and with developments in techniques and devices, it has also 
become a potential treatment option for lesions in the proximal 
small bowel (i.e. the duodenum and proximal jejunum).7–9 In a 
recent study involving 44 patients treated with FBD for postoper-
ative nonanastomotic strictures in the proximal small bowel, 82% 
achieved clinical success (i.e. complete resolution of obstructive 
symptoms and resumption of oral intake of soft or solid food 
within 3 days of a technically successful FBD).10 Although this 
result is encouraging, a sizable portion (18%) of patients did 
not achieve clinical success. In addition, 27% of patients who 
achieved clinical success demonstrated recurrence.

Endoscopic and/or fluoroscopic self-expandable metallic stent 
(SEMS) placement is the first-line palliative option for malignant 
esophageal and gastroduodenal strictures.11,12 Although this 
procedure is associated with the risk of stent malfunctions (e.g. 
stent migration and tissue growth), it has also been used to treat 
refractory or recurrent benign strictures of the esophagus with 
satisfactory results.13–15 The use of SEMS placement for treating 
postoperative nonanastomotic strictures in the proximal small 
bowel in cases of clinical failure or recurrence after FBD seems 
reasonable, particularly for patients who are poor surgical candi-
dates. In addition, it may be a valid option for patients with a 
limited life expectancy. To the best of our knowledge, no study 
on SEMS placement for treating postoperative nonanastomotic 
strictures in the proximal small bowel has been published. There-
fore, the present study aimed to evaluate the efficacy and safety of 
fluoroscopic SEMS placement for treating postoperative nonan-
astomotic strictures in the proximal small bowel.

methods and materials
Study design
Our Institutional Review Board approved this retrospective 
study, and the requirement to obtain written informed consent 
was waived. The departmental electronic database was searched 
to identify eligible patients. The inclusion criterion was patients 
undergoing fluoroscopic SEMS placement for post-operative 
nonanastomotic strictures in the proximal small bowel at our 
institution between January 2000 and February 2016. The insti-
tutional indications for this procedure was more than 3 days of 
nonoperative management without resolution; contraindications 
were strangulation, peritonitis, incarcerated hernia, and intus-
susception. Diagnosis of post-operative nonanastomotic stric-
tures in the proximal small bowel was made based on a history 
of abdominal surgery, clinical presentation (i.e. abdominal pain, 
distension, vomiting, and obstipation), radiological imaging 
studies (i.e. upper gastrointestinal series and CT), and endo-
scopic examination, when necessary. The exclusion criteria were 
patients with documented abdominal malignancy, inflammatory 
bowel disease, and abdominal irradiation history.

Patient population
In total, 8 patients (mean age, 63.8 ± 6.9 years; 7 males and 1 
female) who underwent 17 fluoroscopic SEMS placement proce-
dures in total were included. Three patients underwent multiple 
(range, 2–6) SEMS placement procedures because of recurrence. 

Before initial placement, one patient underwent multiple abdom-
inal surgeries and had prior episodes of small bowel obstruction 
due to post-operative nonanastomotic strictures. No patient had 
undergone prior surgical treatment for small bowel obstruc-
tion. In all patients, the most recent abdominal surgery was total 
gastrectomy with esophagojejunostomy for gastric (N = 7) or 
metastatic (N = 1) cancer. The median interval from the most 
recent abdominal surgery to the initial episode of small bowel 
obstruction treated with SEMS placement was 167 [interquartile 
range (IQR), 97–823] days. All patients experienced vomiting 
with or without abdominal pain, distension, and obstipation. 
The stricture was located in the proximal jejunum in all patients. 
Two patients had complete obstruction and six had partial. All 
patients had a single stricture with a mean length of 5.8 ± 2.0 
cm. The mean distance of the distal end of the stricture from the 
incisors was 46.7 ± 7.7 cm. Three patients were poor surgical 
candidates because of old age and/or comorbidities (i.e. hyper-
tension, Type 2 diabetes mellitus, interstitial pulmonary fibrosis, 
lung cancer, and prostate cancer). Two patients preferred not 
to receive surgical management of the adhesions. Four patients 
had undergone FBD, three of whom experienced clinical failure 
and one demonstrated recurrence of obstructive symptoms. The 
remaining four patients had not undergone balloon dilation. 
One patient had interstitial pulmonary fibrosis and repeated 
episodes of severe pneumonia due to aspiration and therefore, 
the decision was made to perform SEMS placement rather than 
balloon dilation to prevent clinical failure. One patient had a 
limited life expectancy due to advanced lung cancer and there-
fore, the decision was made to palliate the patient by performing 
uncovered SEMS placement. In two patients, SEMS placement 
was favored over balloon dilation during the procedure because 
of a tight and/or torturous stricture.

Fluoroscopic SEMS placement and removal 
procedure
After fasting for at least 8 h, patients received topical pharyngeal 
anesthesia using an aerosol spray of lidocaine hydrochloride. 
A 0.035-inch 260-cm-long stiff-angled hydrophilic guidewire 
(Radiofocus M; Terumo, Tokyo, Japan) and a 5.4-Fr 160-cm-
long multifunctional coil catheter (Song-Lim; S&G Biotech, 
Seongnam, Korea) were inserted through the mouth and navi-
gated through the stricture under fluoroscopic guidance. The 
location and length of the stricture were identified by injecting a 
diluted water-soluble contrast medium (Ultravist 300; Schering 
Korea, Anseong, Korea) through the side-arm of the coil cath-
eter. The exchange guidewire was then replaced with a 0.035-inch 
260-cm-long super-stiff guidewire (Amplatz Super Stiff; Boston 
Scientific, Natick, MA), and the catheter was removed. A range 
of stents were used; a 16–20 mm diameter cm 6–16-long fully 
covered [EGIS Esophageal Stent (S&G Biotech) or Niti-S Esoph-
ageal (Taewoong, Ilsan, Korea)], partially covered (Hercules SP 
Pyloric; S&G Biotech), or uncovered (BONASTENT; Standard 
Sci-Tech, Seoul, Korea) SEMS was deployed over the super-stiff 
guidewire under continuous fluoroscopic monitoring, and an 
upper gastrointestinal series was performed to confirm good 
passage of the contrast medium through the SEMS. After the 
procedure, patients resumed oral liquid intake within 24 h and 
were not permitted any food until an upper gastrointestinal 
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series after 1–3 days revealed complete stent expansion. When 
clinically necessary, the SEMS was fluoroscopically removed 
using a retrieval hook (S&G Biotech) as previously described.13

Follow-Up
All patients were evaluated for obstructive symptoms and oral 
intake capacity by clinical history-taking and daily examination 
during their hospital stay and at 1 month intervals on an outpa-
tient basis after SEMS placement or whenever clinically neces-
sary. An upper gastrointestinal series was performed at 1 month 
to exclude delayed complications. Further upper gastrointestinal 
series were only performed when clinically necessary.

Data collection and definitions
Data on demographics, clinical characteristics, technical 
success, procedural details, clinical success, complications, 
stent malfunctions, reinterventions, stent dwell time, and recur-
rence-free periods were obtained from the departmental elec-
tronic database. Technical success was defined as successful 
fluoroscopic SEMS placement at the desired anatomic location 
and good passage of contrast medium through the SEMS. Oral 
intake status was evaluated using dysphagia scores: 0 = normal 
swallowing, 1 = ability to swallow some solid diet, 2 = ability to 
swallow a soft diet, 3 = ability to swallow liquids only, and 4 = 
complete dysphagia.15 Clinical success was defined as complete 
resolution of obstructive symptoms and improvement in oral 
intake status by at least 1° within 3 days after SEMS placement. 
Recurrence was defined as symptoms recurrence due to stent 
malfunction. Complications were defined as bleeding, perfora-
tion, and/or aspiration. Stent malfunction was defined as stent 
migration, tissue growth, food impaction, and/or stent fracture.

Statistical analysis
The mean dysphagia score before and after SEMS placement was 
compared using the Student’s paired-samples t-test. A two-sided 
p-value of <0.05 was considered to indicate statistical signifi-
cance. All statistical analyses were performed using SPSS v. 21 
software (SPSS, Chicago, IL, USA).

Results
Technical success and procedural details
Technical success was achieved in 100% (17/17) of the proce-
dures (Figure  1). Fully- or partially covered SEMSs were used 
in all but one procedure in which an uncovered SEMS was used 
because the patient had a limited life expectancy. The mean 
diameter and length of SEMSs were 16.6 ± 1.2 mm and 8.9 ± 2.0 
cm, respectively. The median duration of the procedure (defined 
as the time interval from guidewire insertion to withdrawal) was 
19 (IQR, 17–30) min.

Clinical success and complications
Clinical success was achieved in 100% (17/17) of the procedures. 
All patients had improved dysphagia score within 3 days after 
the procedure. The mean dysphagia score significantly improved 
from 3.1 ± 0.3 before SEMS placement to 1.8 ± 0.4 after SEMS 
placement (p<0.001). No complication occurred during or after 
the procedures. The clinical outcomes of SEMS placement in 

patients with postoperative nonanastomotic strictures in the 
proximal small bowel are shown in Table 1.

Stent malfunction and symptom recurrence
The median follow-up duration after SEMS placement was 167 
(IQR, 48–576) days. No patient was lost to follow-up. Three 
patients died due to comorbidities (i.e. myocardial infarction, 
pneumonia, and recurrent lung cancer). Stent malfunction 
occurred after 58.8% (10/17) of the procedures over a median 
duration of 24 (IQR, 5–193) days, and stent migration occurred 
after 35.3% (6/17) of the procedures over a median duration 
of 5 (IQR, 4–24) days. Migrated SEMSs were fluoroscopically 
removed from four patients; the remaining two patients required 
surgical removal because the migrated SEMSs had become lodged 
in the distal small bowel. One of these patients initially refused 
surgical management. Benign tissue hyperplasia occurred after 
23.5% (4/17) of the procedures over a median duration of 225 
(IQR, 193–237) days. In all of these cases, SEMSs were fluoro-
scopically removed. The median stent dwell time after placement 
was 32 (IQR, 20–193) days. Elective fluoroscopic stent removal 
was performed for 23.5% (4/17) of the procedures after a median 
duration of 31 (IQR, 30–33) days. The median recurrence-free 
time after SEMS placement was 68 (IQR, 38–513) days. Recur-
rence of symptoms occurred in 64.7% (11/17) of the procedures. 
In two cases of recurrence, nonoperative management success-
fully resolved the patients’ symptoms, whereas the remaining 
nine cases of recurrence failed nonoperative management and 
underwent repeat fluoroscopic SEMS placement.

Discussion
The main advantage of temporary SEMS placement as compared 
with balloon dilation for treating benign esophageal strictures 
is the high rate of clinical success with refractory lesions.13,15 
Therefore, SEMS placement is increasingly being used as an 
alternative to surgery for treating refractory benign esopha-
geal strictures.16 For post-operative nonanastomotic strictures 
in the proximal small bowel, treatment with SEMS placement 
seems to confer the same advantage. SEMS can be placed and 
removed under endoscopic and/or fluoroscopic guidance.13–15,17 
There are no consensus on the optimal guidance method for 
performing these procedures. However, it is well-perceived that 
the outcomes these procedures are the same, regardless of which 
guidance method is used.13,14 In the present study, all the SEMS 
were placed under fluoroscopic guidance with an initial clinical 
success with SEMS placement achieved after 100% (17/17) of the 
procedures. A recent study on 44 patients treated with FBD only 
achieved clinical success in 82% of patients.10 In addition, three 
patients in the current study experienced clinical failure with 
FBD. It should be emphasized, though, that the long-term clin-
ical success is less favorable and patient selection and education 
is critical.

The recurrent nature of post-operative nonanastomotic strictures 
in the proximal small bowel represents a major problem.10,18 In 
the present study, recurrence of symptoms occurred after 64.7% 
(11/17) of the procedures. This rate is higher than that reported 
in a recent study on FBD (27%).10 However, the main advantage 
of SEMS placement for recurrent strictures is that the risk of 
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symptom recurrence is low as long as the SEMS is temporarily in 
place.13,15 In addition, compared with balloon dilation, the effect 
of sustained dilation by SEMSs on strictures can lead to more 
durable patency even after stent removal.9 The median stent 
dwell time after the procedures was 32 (IQR, 20–193) days in the 
current study. This resulted in a median recurrence-free dura-
tion of 68 (IQR, 38–513) days, which is longer than that reported 
in a recent study on FBD [47 (IQR, 20–212) days], although 
four patients in the current study experienced clinical failure or 
recurrence with FBD.10 This suggested that SEMS placement is 
also useful for patients with recurrent lesions.

A major drawback of SEMS placement is stent malfunction.9,14 
In the present study, covered SEMSs were used in the majority 

(16/17) of procedures. Fully covered SEMSs can prevent tissue 
ingrowth but are much more prone to migration than uncov-
ered SEMSs,19,20 and partially covered SEMSs are less prone to 
migration than fully covered SEMSs but difficult to remove.21 In 
the current study, stent migration and benign tissue hyperplasia 
occurred after 35.3 and 23.5% of the procedures, respectively. 
However, these malfunctions were easily managed by fluoro-
scopic stent removal or, less frequently, by minor surgery when 
the migrated SEMS had become lodged in the distal small bowel. 
Uncovered SEMSs are prone to tissue ingrowth, which reduces 
stent migration and long-term patency and increases difficultly in 
removal.19,20 Therefore, these SEMSs are relatively contraindicated 
for benign strictures. However, uncovered SEMSs could be useful 
in patients with limited life expectancy. One patient in the present 

Figure 1. A 63-year-old male (Patient no. 5) with a post-operative nonanastomotic stricture in the proximal small bowel 21 days 
after total gastrectomy with esophagojejunostomy. He demonstrated complete resolution of obstructive symptoms and resumed 
oral food intake within 3 days after placement of an 18 mm diameter 8-cm-long partially-covered SEMS (Hercules SP Pyloric; S&G 
Biotech). (a) CT image before SEMS placement showing a transition zone (arrow) at the proximal jejunum with a dilated bowel 
loop (arrowheads). (b) Radiograph before SEMS placement showing a 4-cm-long stricture (arrows) at the proximal jejunum distal 
to the anastomotic site. (c) Radiograph immediately after SEMS placement showing good passage of contrast medium through 
the SEMS (arrows). (d) Radiograph 79 days after SEMS placement showing the migrated SEMS in the distal small bowel (arrows). 
The patient underwent surgical removal of the migrated SEMS and remained recurrence-free for 1714 days. SEMS,self-expandable 
metallic stent.
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study had a limited life expectancy due to lung cancer; this patient 
underwent uncovered SEMS placement and remained well until 
death.

The present study has several limitations. First, this was a retro-
spective study and was therefore prone to selection bias. Second, 
the sample size of patients was small, which limits the strength of 
the results. Third, all SEMS placements were performed by expe-
rienced radiologists, and therefore, the results may not be gener-
ally applicable to others. Fourth, esophageal SEMSs were used in 
at the proximal jejunum as there are no specially designed stents 
available till now.

In conclusion, fluoroscopic SEMS placement appears to be effec-
tive for treating postoperative nonanastomotic strictures and 
useful for patients with refractory and recurrent lesions, particu-
larly for those who have no alternatives like patients who are poor 
surgical candidates or have a limited life expectancy. However, it 
should be noted that stent malfunction and recurrence are major 
drawbacks of this technique. Patient selection should be very 
careful and the outcomes should be clearly discussed.
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