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A B S T R A C T

Laparoscopic sleeve gastrectomy (SG) is the most commonly performed bariatric procedure. The primary and
insidious early post-SG complication is the gastric leak (GL). In literature, there are many studies describing the
endoscopic stent placement as treatment of GL and few studies about stent placement performed by interventional
radiology under fluoroscopic guide. Our aims were to describe the radiological stent placement technique, to
compare endoscopic and radiological stent placement, to illustrate normal diagnostic features and summarise the
incidence of complications after stent placement, removal, and their imaging features. This was a single centre
retrospective study of 595 patients who underwent SG between 2011 and 2019. Inclusion criteria: patients who
developed GL after SG and treated with gastro-oesophageal stent placement by endoscopy or interventional
radiology; availability of medical history and imaging studies; follow-up time after stent removal (1 year). The
rates of technical success, clinical success and complications after stent placement and removal were collected and
compared between the two methods of stent positioning. A total of 17/595 (2.8%) patients developed a radio-
logically diagnosed GL after SG. The type II-III GLs (15/17) were treated with endoscopic or radiological stent
placement. 9/15 (60%/Group A) patients underwent gastro-oesophageal stenting by interventional radiology and
6/15 (40%/Group B) were treated with endoscopic stent placement. The technical and clinical success rate was
100% for both groups. Stent migration occurred in 22% and 27% for Group A and B respectively. Post-extraction
stenosis was the main late complication, occurring in 22% in Group A and 0% in Group B. Gastro-esophageal stent
placement performed by interventional radiologists is a valid “mini-invasive” treatment for GL. This procedure is
not inferior to endoscopic positioning regarding efficacy, periprocedural and postprocedural complication rate.
It's necessary to be familiar with radiological findings after stent placement and removal. Computed tomography
(CT) scan is the main radiological technique to identify stent placement complications. Upper gastrointestinal
(UGI) series are the first radiological procedures used to detect late complications after stent removal.
1. Introduction

Obesity is a disease that reduces life expectancy, in addition to the
increased morbidity and mortality [1, 2, 3]. Bariatric surgery is consid-
ered more effective than non-surgical treatments for obesity. It produces
significant loss of weight compared with the common medical manage-
ment and lifestyle changes and has a higher impact on obesity-related
comorbidities [4].

According to the International Federation for the Surgery of Obesity
and Metabolic Disorders (IFSO) Registry (calendar years 2014–2018),
ne).
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which describes the principal surgical practices, laparoscopic sleeve
gastrectomy (SG) is the most commonly performed bariatric procedure,
followed by laparoscopic Roux-en Y gastric bypass (RYGB) and laparo-
scopic mini/one anastomosis gastric bypass (MGB/OAGB) [5, 6].

SG is a restrictive bariatric procedure. In this surgical technique,
greater curvature of the gastric fundus, body, and proximal antrum are
removed, leaving the pylorus intact; the gastric volume is therefore
reduced by 70 % (Figure 1) [7].

SG is equally effective, safer and technically easier to perform than
other bariatric procedures, such as RYGB [8, 9]. The American Society for
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Figure 1. Anatomical changes resulting from Sleeve Gastrectomy. Courtesy of
Daniele Carmelo Caltabiano.
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Metabolic and Bariatric Surgery position statement concludes that SG
provides significant and durable weight loss, improvements in medical
co-morbidities, improved quality of life, with low complication and
mortality rates in obese patients [10].

The primary and insidious early postoperative complication in SG is
leak, occurring in 1%–8% of cases, leading to significant morbidity [11,
12, 13]. The gastric leak (GL) originates mainly from the proximal staple
line near the gastro-oesophageal junction (GEJ) and it can result from
technical failure or vascular injury, with a higher risk (2.9%) in
super-obese patients (body mass index >50 kg/m2) [14]. The GL can be
classified on the basis of the morphology and on the time passed after
surgery. GL can be morphologically distinguished as contained and well
localized, with no evidence of massive spreading of gastric contents into
abdominal cavity and without systemic symptoms (type I), extensive or
with abscess (type II) and complex with internal subdiaphragmatic or
gastrocutaneus fistula (type III) [15]. According to the time of onset, GL
can be divided into “acute” (within 7 days of the procedure), “early” (1–6
weeks after the procedure), “late” (6–12 weeks after the procedure) and
“chronic” (>12 weeks after the procedure) [16].

Radiological evaluation for GL can be performed with water-soluble
contrast upper gastrointestinal imaging (UGI) and computed tomogra-
phy (CT) with oral and intravenous contrast medium administration.

Several approaches are described to treat patient with postoperative
GL including observation, endoscopic suturing or sealing, reintervention,
percutaneous drainage and endoscopic or radiological stenting [17, 18,
19, 20, 21, 22, 23, 24, 25]. In most cases, the type of leak and the clinical
condition of the patient are the main factors that define the chosen
treatment option. Up to date, in literature, there are many studies
describing endoscopic management and its results, although there is lack
of studies about stent placement by interventional radiology and the
diagnostic features [19, 20].

The aims of this paper were to describe the radiological stent place-
ment technique and to compare endoscopic and radiological stent
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placement; to illustrate normal diagnostic features and summarise the
incidence of radiologically identified complications after stent place-
ment, removal, and their imaging features.

2. Materials and methods

This was a single centre retrospective study of 595 patients (F 423, M
172; mean age 41,2 years, range 18–70 years) who underwent SG be-
tween 2011 and 2019. All procedures were performed by expert surgeons
who had completed the ‘learning curve’ (over 50 cases).

In the postoperative period, all patients were evaluated with clinical
and laboratory tests and radiological examinations to detect possible
complications after surgery, in particular GL. UGI series were performed
on the third day after the procedure to exclude a GL or obstruction, before
starting oral intake. CT was not performed routinely, but only in clini-
cally stable patients with a clinical suspicion of early post-procedure
complications, such as GL, haemorrhage, abscesses or lesions in other
intra-abdominal organs. Indications for abdomen or chest-abdomen CT
scans were abdominal pain, tachycardia, tachypnoea, dyspnoea, chest
pain, fever, leucocytosis, hypotension and vomiting. The CT technique
includes both oral (Gastrografin®, Bayer 370 mg/ml) and intravenous
contrast medium administration. Chest CT was also recommended in
order to exclude other causes of pain, such as pulmonary embolism,
pleural effusion or lung infection.

Contained GLs (type I) detected were treated with simple medical
therapy, clinical and radiological observation. Extensive and complex
GLs detected were treated with endoscopic or radiological stent place-
ment. The stents used were self-expandable fully covered double-bump
metal stent with radiopaque markers at both ends (Taewoong Niti-S
Beta Esophageal Stent). The patients with stent placement have
received a semi-liquid diet while the stent was in place.

Percutaneous drainage was carried out for each fluid collection >3
cm [26]. Ultrasound (US) or CT guidance for the placement of the access
needle was used (depending on the dimension and location of the
collection). The drainage tube, a locking pigtail catheter with
multi-side-hole at the distal loop and range in size from 8 to 12 Fr, was
left in place, periodically flushed with saline, until drained material was
less than 20 ml/day or there was no more collection on follow-up im-
aging. Stent placement and percutaneous drainage were performed by
expert interventional radiologists during the same session.

Low dose CT with oral contrast medium administration was per-
formed on the third day after the stenting procedure to exclude a stent
migration with reappearance of GL, stent sweeping or stenosis due to
mucosal hypertrophy and to detect other chest and abdominal compli-
cations, such as pleural effusion and abscesses.

The stent migration was treated by endoscopic replacement and a low
dose CT with oral contrast medium administration was performed on the
third day after this procedure to confirm the correct stent replacement
and to exclude the GL reappearance. The stent sweeping was evaluated
with simple clinical observation and a low dose CT with oral contrast
medium administration was recommended seven days later to confirm
the correct stent placement.

The stent placed either by radiologists or endoscopists were left in
place for 3–4 weeks. The stent retrieval was carried out using an
Endoscopy. The proximal portion of the stent was removed using a sheath
passing through the mouth.

All the patients were evaluated for a period of time of at least 1 year
following the stent removal to exclude late complications, such as post-
extraction stenosis, defined as a narrowing of the gastric lumen associ-
ated with symptoms of upper gastrointestinal tract obstruction; UGI se-
ries were performed only in clinically suspected patients. Main
indications for UGI series were vomiting, dysphagia and gastro-
oesophageal reflux. Endoscopic dilatation was carried out in cases of
symptomatic stenosis documented after stent removal.

Inclusion criteria of this retrospective study were: patients who
developed GL after SG treated with gastro-oesophageal stent placement;
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availability of medical history and imaging studies; follow-up time after
stent removal of at least 1 year.

Patients who underwent gastro-oesophageal stenting were divided
into two groups based on whether placement was performed by inter-
ventional radiologists under fluoroscopic guidance (Group A) or by
endoscopists (Group B). Technical success rate was defined as the ability
to complete deployment of the stent with no immediate imaging evi-
dence of persistent leak. Clinical success was defined as resolution of
gastric leak by stent deployment without the need for further interven-
tion measured at 1-year. The rates of technical success, clinical success,
and complications after stent placement (including periprocedural ones)
and removal were collected and compared between the two groups.

Our retrospective study was carried out in accordance with the Code
of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans; all the data used were anonymized or
maintained with confidentiality. Informed consent was waived because
of the retrospective design of the study.

2.1. Radiological stent placement

Radiological stent placement was performed by an interventional
radiologist in the angiographic room. The patient lay supine or in left
anterior oblique position. Emptying the stomach with a nasogastric tube
before the procedure can be useful to make it acquire a cylindrical shape
and make it easier to reach the pylorus.

A 5 Fr Bern catheter (100 cm length, Boston Scientific, USA) lubri-
cated with jelly, inserted on a 0.35 hydrophilic wire (180 cm length,
Terumo, Japan) is advanced through the mouth into the stomach under
fluoroscopic guidance. The passage through the hypopharynx should be
3

performed carefully as the wire and the catheter could accidently get into
the larynx and proceed in the airways. Asking the patient to swallow
while advancing the wire help to enter the oesophagus avoiding the
laryngeal lumen. After reaching the esophagogastric junction, the leak is
documented by injecting radiopaque oral contrast media through the
catheter under fluoroscopic check. The site of the leak is then marked by
fluoroscopy.

The catheter is advanced into the duodenum and the hydrophilic wire
is exchanged for a 260-cm Amplatz Super Stiff wire (Boston Scientific,
USA). A preloaded stent delivery system, whose proximal part is lubri-
cated with jelly, is passed over the guidewire to the chosen position. The
Niti-S Beta stent (length 200 mm, body diameter 24 mm, Prion Medical
BV) is a self-expandable fully covered double-bump metal stent with
radiopaque markers at both extremities. The introducing sheath is slowly
withdrawn over the pusher and the stent is released under fluoroscopic
check to secure the correct placing. The stent delivery system is removed,
and the catheter is reinserted over the wire until it reaches the upper
extremity of the stent. The correct expansion of the stent and the exclu-
sion of the leakage is checked by a second injection of radiopaque oral
contrast media. The catheter is finally withdrawn from the mouth
(Figure 2).

2.2. Endoscopic stent placement

Endoscopic stent placement was performed by endoscopist. Under
sedation, the Niti-S Beta stent (length 200 mm, internal diameter 24 mm,
Prion Medical BV) is introduced over a delivery device passed on a
guidewire positioned in the duodenum or proximal jejunum. The prox-
imal pole of self-expandable fully covered stent was placed above the
Figure 2. Anatomical drawings (A–F)
made to schematize the stent placement
steps: (A) catheter insertion at the su-
perior esophagogastric junction (B) in-
jection of contrast medium from the
catheter with documentation of the leak;
(C) the stent delivery system, equipped
with radiopaque markers, is positioned
through the supportive guide; (D–E) the
stent is released under fluoroscopic
guidance to exclude the leak; (F) final
check with contrast medium from the
proximal end to document correct
expansion and positioning of the stent.
Fluoroscopic images (a–b) show the
Niti-S Beta stent deployment through its
delivery system passed over the guide-
wire to the chosen position. Fluoro-
scopic image (c) shows the final check
after stent placement with correct
expansion of the stent documented by
normal passage of contrast media
administered with a hydrophilic cath-
eter advanced through the mouth.
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region of pathological leak; the distal extremity of stent was placed distal
to sleeve resection. Under fluoroscopic or endoscopic guidance the exact
location of the stent was then documented. A radiological study was
performed the day after stent placement to confirm the correct location of
the stent and to assess possible complications or persisting leakage. The
stent was endoscopically removed after 3–4 weeks (using an endoscopic
forceps) based on the decision of the endoscopist.

3. Results

Between 2011 and 2019, a total of 17/595 (2.8%) patients (female
14, male 3; mean age 38.1 years, range 22–49 years) developed a
radiologically diagnosed GL after SG. Only 1/17 GL was detected using
UGI, confirmed by a CT scan examination; other GLs (16/17) were
identified using CT scans.

Based on the time of diagnosis 70% (12/17) GLs were “acute”, 24%
(4/17) "early" and 6% (1/17) "late". 12% GLs (2/17) were morphologi-
cally type I, 82% (14/17) type II and 6% (1/17) type III. 100% (17/17) of
leaks appeared in the proximal third of the stomach, close to the gastro-
oesophageal junction. The most common clinical presentation was
abdominal pain (16/17, 94%) followed by tachycardia (10/17, 59%),
fever and/or sepsis (6/17, 35%). The demographic and clinicopatho-
logical characteristics of patients with GL after SG are summarized in
Table 1.

Patients with type I GLs (2/17) were treated with medical therapy
(proton-pump inhibitors, antibiotics), they received exclusive parenteral
nutrition and underwent clinical and radiological follow-ups; the clinical
success was 100%. The type II and III GLs (15/17) were treated with
Table 1. Demographic data and clinicopathological features of enrolled
population.

Patient Gender Age Body mass
index (kg/m2)

GL type Symptoms

1 Female 49 51 Acute
Type II

Abdominal pain,
tachycardia, sepsis

2 Female 33 48 Acute
Type II

Abdominal pain,
tachycardia, sepsis

3 Female 46 46 Early
Type II

Abdominal pain, sepsis

4 Female 24 55 Acute
Type II

Tachycardia

5 Male 47 54 Acute
Type II

Abdominal pain

6 Female 35 53 Acute
Type II

Abdominal pain,
tachycardia

7 Female 23 48 Early
Type II

Abdominal pain,
tachycardia

8 Female 36 52 Early
Type II

Abdominal pain,
tachycardia

9 Female 41 50 Acute
Type II

Abdominal pain,
tachycardia, fever

10 Male 22 51 Acute
Type II

Abdominal pain

11 Male 38 49 Acute
Type II

Abdominal pain,
tachycardia

12 Female 41 50 Acute
Type II

Abdominal pain,
tachycardia

13 Female 47 48 Acute
Type II

Abdominal pain

14 Female 35 53 Acute
Type II

Abdominal pain,
tachycardia

15 Female 43 57 Late Type
II

Abdominal pain, fever,
vomiting

16 Female 47 46 Early
Type I

Abdominal pain, fever

17 Female 40 56 Acute
Type I

Abdominal pain
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endoscopic or radiological stent placement based on immediate avail-
ability of interventional radiologists or endoscopists. 9/15 (60% - Group
A) patients underwent gastro-oesophageal stenting by interventional
radiology under fluoroscopic guidance (Table 2) and 6/15 (40% - Group
B) patients were treated with endoscopic stent placement (Table 3). The
mean procedure times was 28.8 min (range, 25–34 min) for radiological
stent placement and 32 min (range, 26.5–39 min) for endoscopic stent
placement. The technical success of stent placement was 100% for both
endoscopic and radiological approaches with no intraprocedural com-
plications or symptomatic reflux and a good tolerance of all patients to
the stent. Some patients suffered transient nausea or retrosternal
discomfort.

9/15 (60%) patients underwent percutaneous drainage of abdominal
fluid collection together with oesophageal stenting, with no periopera-
tive complications.

All patients were evaluated with low dose CT with oral contrast
medium administration on the third day after stent placement to detect a
stent migration with reappearance of GL, stent sweeping, stenosis due to
mucosal changes (hypertrophy) and other chest and abdominal compli-
cations, such as pleural effusion and abscesses. Asymptomatic stent
migration occurred in 3/15 (20%) patients in caudal direction, in
particular it was diagnosed in 2/9 (22%) and 1/6 (27%) after radiolog-
ical and endoscopic placement respectively. No stent migration occurred
in cranial direction and no specific symptoms were observed. All stent
migrations were treated by endoscopic replacement and low dose CT
with oral contrast medium administration performed on the third day
after the procedure confirmed the correct stent replacement and no GL
reappearance.

Asymptomatic stent sweeping occurred in 3/15 (20%) patients, in
particular, it occurred in patients treated with radiological stent place-
ment 3/9 (33%) and none after endoscopic stent placement.

No stent sweeping required additional replacement. Clinical obser-
vation and a low dose CT with oral contrast medium administration
performed seven days later have been adequate to exclude the stent
migration and the need for replacement.

Mucosal hypertrophy represents an inflammatory change in the inner
layer of gastric wall and occurred in 1/15 (6%) patient after radiological
stent placement, close to the distal edge of the stent. This mucosal hy-
pertrophy required no endoscopic or surgical interventions and no spe-
cific symptoms or stenosis were associated.

All patients underwent endoscopic stent removal after 3–4 weeks
(mean duration 24 days, range 21–32 days) with no intraprocedural
complications and clinical follow-up at 3, 6 and 12 months. If patients
showed symptoms of late complications, such as post-extraction stenosis,
UGI series were performed. In total, 7/15 patients underwent UGI scans:
stenosis at the level of the proximal stent margin occurred in 1/15 (6%)
patient after stent placement, esophageal spasms without significant
stenosis occurred in 2/15 (13%) patients, 4/15 (26%) patients had a
negative UGI scan examination. The only post-extraction stenosis was
treated with endoscopic balloon dilatation. The technical success was
100% and none of the patients reported a symptomatic gastro-
oesophageal reflux and required other surgical procedures.

Comparing Group A and Group B, both demonstrated a clinical and
technical success rate of 100%. Among the early complications after stent
placement, stent migration occurred in 2/9 (22%) patients in Group A
and 1/6 (16 %) in Group B. Post-extraction stenosis was the main late
complication, occurring in 1/9 (22%) in Group A and 0/6 (0%) in Group
B (Tables 2, 3).

4. Discussion

GL represents one of the most fearful complications after SG [27, 28].
The pathogenesis of the GL can be considered multifactorial, being
influenced both by mechanical factors, such as tension on the staple line
and increased endoluminal pressure, and by vascular factors, such as
locoregional ischaemia and inflammation [14]. Aurora et al reviewed 29



Table 2. Patients treated with radiological stent placement for gastric leak after sleeve gastrectomy: technical success, clinical success, procedure time, placement
duration, complications and collateral findings.

Patient Technical success Clinical success Procedure time (minutes) Placement duration (days) Complications Collateral findings

2 Yes Yes 26 28 Migration -

3 Yes Yes 31.5 26 - Mucosal hypertrophy

4 Yes Yes 28 30 Stenosis Sweeping

5 Yes Yes 34 21 - Sweeping

6 Yes Yes 29 28 Migration -

9 Yes Yes 25 25 - -

11 Yes Yes 31 21 - -

12 Yes Yes 27 22 - Sweeping

13 Yes Yes 28.5 21 - -

Table 3. Patients treated with endoscopic stent placement for gastric leak after sleeve gastrectomy: technical success, clinical success, procedure time, placement
duration, complications and collateral findings.

Patient Technical success Clinical success Procedure time (minutes) Placement duration (days) Complications Collateral findings

1 Yes Yes 28 32 Migration -

7 Yes Yes 26.5 21 - -

8 Yes Yes 35 23 - -

10 Yes Yes 33 26 - Esophageal spasms

14 Yes Yes 39 21 - -

15 Yes Yes 31 21 - -

Figure 3. Normal post-stent placement CT imaging: after oral contrast medium
administration CT image shows passage of oral contrast through gastro-
oesophageal stent, fat stranding (black arrow) and gas (white arrow) around
gastric pouch and in perisplenic region.

G. Scavone et al. Heliyon 82 (2022) e08857
studies with a total of 4888 patients who underwent SG: the risk of GL
was 2.4% globally, mostly located in the esophagogastric junction (89%)
and a higher risk (2.9%) was reported for super-obese patients (body
mass index >50 kg/m2) and for Bougie size of <40Fr [14]. The clinical
presentation of stapled line leaks varies widely from asymptomatic forms
to peritonitis with septic shock and the most frequent symptoms are
abdominal pain, fever, tachycardia, and tachypnoea [29]. The overall
leak rate of our series was 2.8% and 100% of leaks appeared on the left
side and just inferior to the gastro-oesophageal junction. Abdominal pain
(94%), tachycardia (59%), fever and sepsis (35%) were the major man-
ifesting signs. The findings of our study are consistent with previous
reports.

GL management depends on the patient's clinical condition and the
local availability of "minimally invasive" treatments. Stenting helps to
heal the leak both by decreasing the endoluminal pressure in the gastro-
oesophageal tract and by preventing peritoneal contamination through
the lesion [30]. The simultaneous drainage of perivisceral collections
reduces the local inflammation and the tissue damage, facilitating the
healing of the leak. A wide experience is reported in literature about the
endoscopic treatment of GL [17, 18, 30]. However, few studies report the
efficacy and post-procedure complication ratio of stent placement by
interventional radiology [19, 20].

In our series, the technical success rate of stent placement was 100%
for both endoscopic and radiological approach with no intraprocedural
complications or symptomatic reflux and a good tolerance of all patients
to the stent with only transient nausea or retrosternal discomfort.
Although not well demonstrated, it is conceivable that the insufflation of
air required for performing the endoscopy, especially in patients with
acute leak, could further stress the staple line by increasing the endolu-
minal pressure; radiological positioning, instead, not requiring insuffla-
tion, is less traumatic for the gastrointestinal tract and avoids excessive
tension on the staple line.

In a recent meta-analysis by Okazaki et al. on 187 endoscopic
placements, migration occurred in 28.2% of cases, with rates ranging
from 31.5% to 27.1% depending on the type of stent used [18]. In our
study, the migration rate after radiological positioning (22%) is not
higher than the rate reported in literature by endoscopists.
5

Up to date, there are very few studies reporting radiological gastro-
oesophageal stent placement for treating GL after SG; Guzaiz et al.
described their monocentric experience in 12 patients demonstrating a
100% success rate but a high migration rate (50%), could be partially due
to the use of shorter stents [19].

Serra et al. have described radiological stent placement in a case se-
ries of 2 patients who underwent SG with GL with a successful healing of
the leak in both cases, using a coated self-expandable stents and an un-
covered Wallstent. Then they removed the stent in 6–8 weeks. This
strategy allows bypassing pathological site of leakage with minimal
discomfort for patients [20].

The risk of stenosis or stent migration does not seem related to the
chosen positioning methodology. The factors that most influence this risk



Figure 4. Axial CT image after oral contrast
medium administration (a) shows a stent
migration characterised by significant extra-
luminal gas in the abdominal cavity (white
arrow) and extraluminal passage of oral
contrast (black arrow) for persistent leak at
the gastro-oesophageal junction. Axial CT
image after oral contrast medium adminis-
tration (b) shows a stent sweeping charac-
terised by little extraluminal passage of oral
contrast circumscribed by the surrounding
tissues (black arrow) without extraluminal
peritoneal contrast spreading. Axial CT
image after oral contrast medium adminis-
tration (c) shows a mucosal hypertrophy
close to the distal edge of the stent charac-
terised by focal wall thickening (white
arrow) and regular passage of oral contrast
in the lumen of the small bowel (black
arrow).
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seem to be the type of stent chosen and the stent placement duration [31,
32]. The use of partially covered stents is associated with less risk of
migration than fully covered metal stents and plastic stents [19]; how-
ever retrieval may become difficult requiring modified techniques due to
tissue ingrowth and fibrotic reaction in the uncovered part of the stent.
This change leads to increase in the risk of proximal mucosal injury or
residual stenosis upon removal of the stent [33, 34]. A self-expandable
fully covered double-bump metal stent was used and a range of 3–4
weeks for stent placement was enough to exclude the GL in patients
treated. Previous studies recommend maintaining stent for a period of
3–12 weeks since early stent removal (before 3 weeks) showed persis-
tence of the leak despite treatment [19].

The utility of routine radiological imaging is controversial in the
bariatric surgery literature, especially because often radiologists are
unfamiliar with possible post-surgical complications. Many patients are
young and may present non-specific symptoms; nevertheless, a diag-
nostic investigation should always be advisable. As reported in literature,
in our study cohort, low dose CT with water-soluble oral contrast me-
dium administration (Gastrografin®) was performed on the third day
after the stent placement to detect stent migration, stent sweeping or
stenosis due to mucosal hypertrophy and to identify other chest and
abdominal complications. In normal post-stent placement CT imaging,
rapid passage of oral contrast through gastro-oesophageal stent, fat
stranding and gas around gastric pouch may be observed (Figure 3).
Figure 5. Normal post-stent removal UGI imaging: after oral contrast medium admin
oral contrast with opacification of jejunal loops.

6

The most frequent early placement complication was stent migration,
identified with CT in about 20% of our study cohort; this data appears to
be lower than that reported in the literature, where stent migration rate
occurred in more than a third of cases [20]. The stent migration is
characterised by significant extraluminal gas in the abdominal cavity and
extraluminal passage of oral contrast for persistent leak at the
gastro-oesophageal junction (Figure 4a). This early complication requires
stent replacement. Even if partially covered stents have a lower rate of
migration, they are difficult to remove increasing the risk of complica-
tion. Several approaches are described to prevent stent migration:
endoscopic stent suturing to the oesophageal wall or anchoring the stent
with metal clips. However further studies are needed to standardize these
procedures [18, 22].

Stent sweeping and mucosal hypertrophy are not considered stent
placement complications but only collateral post-procedural findings
because they do not require additional treatments and generally are
asymptomatic. In our experience, CT identified stent sweeping in 20% of
patients, caused by passage of oral contrast between esophageal wall and
stent and characterised by little extraluminal passage of oral contrast
circumscribed by the surrounding tissues without extensive peritoneal
contrast spreading (Figure 4b). Clinical observation and a further CT are
adequate to exclude the appearance of stent migration and the need for
replacement. Mucosal hypertrophy close to the distal edge of the stent
was identified with CT in 6% of patients, characterised by focal wall
istration UGI images show gastric pouch tubular configuration, rapid passage of



Figure 6. UGI images (a) in patient with vomiting and dysphagia, show a stenosis at the level of the proximal stent margin with abnormal distension of esophageal
lumen and absent passage of oral contrast into the intestinal lumen. UGI images (b) in patient with dysphagia and regurgitation, show esophageal spasms without
significant stenosis with "corkscrew or rosary bead esophagus".
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thickening, regular distension of gastro-oesophageal lumen and passage
of oral contrast in the small bowel (Figure 4c).

UGI series are the main radiological technique to detect late com-
plications after stent removal in patients with suspected clinical symp-
toms; UGI series allow to provide dynamic imaging of oral contrast
medium progression and to identify proximal or distal stenosis [15]. In
the normal post-stent removal UGI imaging, gastric pouch typically has a
tubular configuration and a rapid passage of oral contrast is observed
(Figure 5). A stenosis at the level of the proximal stent margin occurred in
6% of patients after stent removal and was treated with endoscopic
balloon dilatation. Vomiting, dysphagia and esophago-gastric reflux are
common clinical presentations and radiological findings of stenosis may
include abnormal distension of esophageal lumen and slow or absent
passage of oral contrast in the small bowel (Figure 6a). Esophageal
spasms without significant stenosis occurred in 13% of patients and
identified with UGI series. Esophageal spasms is a transient physiological
alteration and are not considered a post-removal stent complications
since it does not require additional treatments. Dysphagia and regurgi-
tation are main clinical presentations and UGI findings may include
"corkscrew or rosary bead esophagus" appearance (Figure 6b).

5. Conclusion

Gastro-oesophageal stent placement under fluoroscopic guidance
performed by interventional radiologists is a valid “mini-invasive”
treatment for GL. This procedure is not inferior to endoscopic positioning
regarding efficacy, periprocedural and postprocedural complication
rates. The choice between the two methods may depend on local avail-
ability and presence of expert operators. Interventional radiology allows
for positioning of the gastroesophageal stent and the performance of
percutaneous drainage of fluid collections during a single procedure.
Other advantage is to perform intraprocedural radiological study after
stent deployment to confirm exclusion of gastric leak. The clinical success
is most influenced by type of stent chosen (length, diameter, partially/
fully covered) and stent placement duration.

In clinical practice, it is necessary to be familiar with the radiological
features of non-pathological stent placement and post-removal compli-
cations. CT scan is the main radiological technique to identify stent
placement complications. UGI series are the first radiological procedures
used to detect late complications after stent removal. Further studies on
the outcome and safety of radiological stent positioning are desirable to
better underline specific indication and contraindication for this
approach.
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