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Abstract
Background Leaks are considered one of the major com-
plications of laparoscopic sleeve gastrectomy (LSG)
with a reported rate up to 7 %. Drainage of the collec-
tion coupled with SEMS deployment is the most fre-
quent treatment. Its success is variable and burdened
by high morbidity and not irrelevant mortality. The
aim of this paper is to suggest and establish a new

approach by endoscopic internal drainage (EID) for the
management of leaks.
Methods Since March 2013, 67 patients presenting leak fol-
lowing LSG were treated with deployment of double pigtail
plastic stents across orifice leak, positioning one end inside the
collection and the other end in remnant stomach. The aim of
EID is to internally drain the collection and at the same time
promote leak healing.
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Results Double pigtails stent were successfully delivered in
66 out of 67 patients (98.5 %). Fifty patients were cured by
EID after a mean time of 57.5 days and an average of 3.14
endoscopic sessions. Two died for event not related to EID.
Nine are still under treatment; five failure had been registered.
Six patients developed late stenosis treated endoscopically.
Conclusions EID proved to be a valid, curative, and safe
mini-invasive approach for treatment of leaks following SG.
EID achieves complete drainage of perigastric collections and
stimulates mucosal growth over the stent. EID is well tolerat-
ed, allows early re-alimentation, and it is burdened by fewer
complications than others technique. Long-term follow-up
confirms good outcomes with no motility or feeding
alterations.

Keywords Bariatric surgery . Laparoscopic sleeve
gastrectomy . Gastric leak . Pigtail stent . Endoscopic internal
drainage . Surgical obesity complications

Introduction

Laparoscopic sleeve gastrectomy (LSG) is a stand-alone pro-
cedure in the treatment of morbid obesity. Surgical complica-
tions (bleeding, leaks, and stenosis) occur in 10 to 13.2 % of
cases [1]. Leaks are considered a major complication with a
reported rate up to 7 % after primary LSG [2]. Surgical/
percutaneous drainage coupled with self expandable metal
stent (SEMS) is nowadays the most frequent treatment. Suc-
cess rate depends greatly on delay of intervention [3]; more-
over, the use of SEMS is burdened with high migration rate
[4], occlusion by ingrowth tissue [5], esophageal stenosis [6],
and rupture [7].

Biodegradable plugs [8], glue [9], over-the-scope clip [10],
endoluminal vacuum therapy [11], and trans-orificeal plastic

stent [12] have been proposed as alternative endoscopic tech-
niques with limited success rate.

Up to now, well-established guidelines concerning man-
agement of leaks after bariatric surgery are missing.

Hereby, according to our previous experience [13] with
trans-oral endoscopic internal drainage coupled with enteral
nutrition (EDEN), we suggest a new treatment protocol for
management of leak following LSG.

Patients and Methods

FromMarch 2013 to December 2014, a total of 67 patients (57
females) with a median age of 43 years (23–70) were treated
with endoscopic internal drainage (EID) technique for leaks
following SG. Informed consent was obtained from all pa-
tients. Institutional Review Boards approved the study for
human research.

Data were collected in prospectively maintained database
and retrospectively analyzed.

The technical peculiarities of EID technique are as follows:
firstly evaluation of leak area and perigastric collection cavity
if present and secondly deployment of double pigtails stent
(Advanix®, Boston Scientific®, MA, USA). Stents were deliv-
ered across the orifice placing one end inside the cavity to be
drained and the other end in digestive lumen in order to avoid
migration (Fig. 1a–c). Stents were changed every 4–6 weeks
until complete fistula healing. According to collection extent,
shape and to leak size, from 1 to 3, 7, or 10 Fr stent were
inserted. Nasojejunal feeding tube (NJT) (Corflo®, Corpak®

MedSystems, IL, USA) was left in place in the third part of the
duodenum if necessary. After the first 15 cases, CO2 was used
in order to reduce risk of pneumoperitoneum related to air
insufflation.

Leak location was as follows: 56 at cardia level
while 11 located in the middle portion of staple line.

Fig. 1 Endoscopic internal drainge: a opacification of gastric leak linked with perigastric collection; b insertion of a guidewire in the collection; c pigtail
stent deployment and achieved endoscopic internal drainage (medium contrast in the stomach)
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Eight patients presented complete dehiscence of one sta-
ple fire, and one patient had a concomitant gastric-
bronchial fistula (Fig. 2).

Leaks were diagnosed at an average time interval of
52.2 days (1–1450) from surgery, and EID procedure was
carried out 60.5 days (4–1460) after LSG. According to
Rosenthal’s classification [14], leaks in this series were clas-
sified as acute in 26 cases, early in 32, late in 3, and chronic in
6 patients in which leaks were diagnosed after 12 weeks.

Of 66 patients, 42 had a drainage positioned close to the
leak after 52.12 days (0–1430) from primary surgery for dif-
fuse or localized peritonitis while the remaining 25 patients
did not needed any surgical/radiological drainage. NJT was
inserted in 41/66 patients, 6/66 patients presented surgical
performed jejunostomy while 8/66 patients had a peripherally
inserted central catheter (PICC) and refused feeding tube. All
these patients were kept nil by mouth with enteral nutrition
(Impact® Enteral, Nestlé Health Science, Lausanne, Switzer-
land) at least till the first endoscopic control.

The remaining 11/66 patients were allowed normal diet due
to complete blockage of small leak by means of stent inser-
tion. Demographics data and leak’s characteristics are listed in
Tables 1 and 2.

Results

Technical success, defined as successful deployment of pigtail
stent across the leak, was achieved in 66 out of 67 patients
(98.5 %).

In one patient, we failed to perform EID due to an intra-
procedural perforation related to erroneous guidewire manip-
ulation (Fig. 3a). Patient required emergency surgery fully
recovering after 3 months of enteral nutrition.

Three patients were not considered in the results: other than
one technical failure, two patients died at days 1 and 13 re-
spectively for pulmonary embolism.

Therefore, we report the long-term results of EID protocol
in 64 patients.

Clinical success was defined as absence of free contrast
medium extravasation in the peritoneal cavity neither around
the stomach nor through fistula orifice. Pseudodiverticula
comunicating with gastric tube with assured internal empting
was considered as a clinical success..

All patients underwent first check endoscopy after an av-
erage of 31.3 days (10–54). Twenty-six out of 50 had a good
outcome showing leak closure after removal of the stent while
24 patients required deployment of new ones. During the
second endoscopic session, one patient developed a sep-
tic shock due to intra-abdominal abscess requiring sur-
gical drainage; nonetheless, the patient continued EID
treatment, and she fully recovered after 88 days of
treatment.

At second check, endoscopy leak closure was achieved in
16 out of 24 patients after an overall average time of 62.3 days
(48–88) of stenting. The remaining eight patients healed re-
spectively after 3 (3 pts), 5 (2 pts), 6 (1 pt), 7 (1 pt), and 8 (1 pt)
endoscopic sessions.

Fig. 2 Gastrobronchial fistula after sleeve gastrectomy

Table 1 Demographics data

Study population 67 patients

Male/female ratio 10 M/57 F

Mean age 43 years (23–70)

Leak location 56 cardia

Size defects 11 middle portion staple line

46≤10 mm; 10 mm≤12≥20 mm;
9≥20 mm

Ratio external drainage/not
external drainage

42/25

Interval time LSG/EID (days) 60.3 (4–1460)

Feeding method 41 NJT

6 surgical jejunostomy

8 PICC

11 oral diet

Table 2 Leak’s characteristics

Leak
classification

Number
of
patients

Average days of fistula
diagnosis after LSG

Interval time (days)
fistula diagnosis/EID

Acute 26 3.7 (1–6) 8.3 (1–70)

Early 32 16 (8–36) 8.7 (1–66)

Late 3 61.7 (45–90) 5.7 (3–10)

Chronic 6 450.3 (97–1450) 7.5 (1–15)

Overall 67 52.2 (1–1450) 8.3 (1–70)
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Clinical success was achieved in 50 of 64 (78.2 %)
patients after a mean time of 57.5 days (10–206) with
an average of 3.14 (2–16) endoscopic sessions per pa-
tient while 9 patients (14 %) are still under treatment
after an average of 36 days (2–100).

We registered five clinical failure (7.8 %) fistula. Two pa-
tients with chronic fistula were successfully cured by n-butyl-
2-cyanoacrylate glue (Glubran® 2, GEM, Viareggio, Italy) af-
ter failure of EID (average of 368 days of treatment and 12
endoscopic sessions) due to recurrent pigtail stent migration.
The other three patients (two late and one chronic fistula) were
definitively treated by total gastrectomy for chronic sepsis
after an average of three endoscopic sessions for a total of
90 days of EID treatment.

During the first endoscopic drainage, two patients devel-
oped pneumoperitoneum. In the first case, medium contrast
extravasation was detected intra-procedurally (Fig. 3b) while
in the second case, insertion of a 10 Fr stent in a small cavity

induced its rupture with consequent air leak. These two cases
brought us to deploy only 7 Fr stents in case of small cavity.
Nonetheless, both EID were successful and neither patients
required surgical procedure.

After an average of 29.5 days (7–80) from EID 5 out of 50
patients were re-admitted to the hospital due to CRP elevation
and/or fever. All subjects underwent CT scan and upper en-
doscopy showing a gastrocutaneous fistula in two patients
successfully treated endoscopically by deployment of pigtail
stent in order to promote fistula healing and to drain the col-
lection (Fig. 5a–c). One patient with chronic fistula and
perispleen abscess far from sleeve was considered a clinical
failure and underwent total gastrectomy. Two patients did not
present any medium extravasation and fully recovered after
few days of fasting. Results are summarized in Tables 3 and 4.

Six of 50 patients developed a stenosis after an average of
36 days (15–45) from the end of EID. All patients underwent
an average of three dilations with achalasia balloon (Rigiflex®,

Fig. 3 a Extravasation of
medium contrast in the peritoneal
cavity due to erroneous guidewire
manipulation during selective
catheterism of perigastric
collection. b Extravasation of
medium contrast in peritoneal
cavity, underneath diaphragms
(red arrow) due to a detachment
of perigastric collection from the
stomach (yellow arrow) (color
figure online)

Fig. 4 a Recurrence of gastrocutaneous fistula after 45 days from EID treatment. b Guide wire along fistula tract. c Double pigtail in place (yellow
arrow) (color figure online)
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Boston Scientific, MA, USA) up to a diameter of 40 mm. In
one case, after balloon dilation failure, FCSEMS was de-
ployed for 5 weeks. All stenosis were successfully treated
(Fig. 4a–d). Four out of six of these patients had more than
2-cm-long complete dehiscence of staple line. Granulation
tissue induced by the pigtails and the subsequent scar retrac-
tion were most probably responsible for stenosis formation.
Mean follow-up for the 50 patients treated by means of EID is
of 316 days (20–600), and all patients are on full diet, symp-
tom free, and showed no weight regain.

Discussion

Gastric leaks (GL) after bariatric surgery (BS) represent one of
most dreaded complications due to its associated high mor-
bidity and mortality. No standard protocol for management of
GL exists. Surgical revision, due to surrounding inflammation
and ischemic edges, is often unsuccessful and burdened with
high post-operative complications [15, 16]. Surgical treatment

should be reserved to patients presenting severe sepsis or
multiorgan failure.

Mainstay of nonsurgical treatment consists of complete
drainage of any fluid collection, enteral hyper-alimentation,
and antibiotics therapy [17].

Up to now, deployment of SEMS is the most popular en-
doscopic approach. In literature, several studies are present;
however, the success rate is very variable and study popula-
tions are often limited. Moreover, use of SEMS is limited by
poor tolerance due to nausea, vomiting, retrosternal discom-
fort and by significant morbidity and mortality. Migration is
still an open issue occurring with a frequency variable from 33
[18] to 83 % [19] of cases; widening of leak due to excessive
SEMS radial force and refilling of fistula due to occlusion of
distal end of metallic stent by overgrowth has been also ob-
served in our experience in particular with the new developed
stents that in order to reduce migration were designed longer
and with a larger diameter.

Pequignot et al. firstly reported the use of pigtail drain in
post-SG leaks. This approach showed to be efficacious, better
tolerated, requiring fewer procedures, and shorter healing time
compared to SEMS [9].

We think that the indications for SEMS in the
managementof leak following BS should be carefully
re-evaluated considering the abovementioned shortcom-
ings. We believe that rather than by-passing (span) the
leak with SEMS, the key to success is to accomplish
complete internal drainage of any collection and to in-
duce orifice traumatism to promote healing. Supported
by this theory since March 2013, we abandoned the use
of SEMS in favor of EID technique.

Table 3 Treatment results

No. of points cured by EID 50/64 (78.2 %)

No. of points under treatment 9/64 (14 %)

No. of points not cured by EID 5/64 (7.8 %)

Length of treatment for healing (days) 57.5 (10–206)

Mean no. of endoscopic sessions 3.14 (2–16)

Late complications 6 stenosis

Mean follow-up (days)—50 pts 316 (20–600)

Table 4 Clinical results

Title Clinical results

EID
1° Check 

Endoscopy

2° Check 

Endoscopy

3° Check 

Endoscopy

5° Check 

Endoscopy

6° Check 

Endoscopy

7° Check 

Endoscopy

8° Check 

Endoscopy

Under 

treatment
Failure

N° of patient 64 9 5

Clinical success (n° patient) 26 16 3 2 1 1 1

2 Ovesco® 6 Ovesco®

Days of treatment 31.3                   62.3                         80.7                     139.5                   150 206 180 36 201

(range) (10-54)  (48-88) (68-88) (135-144) (2 - 100) (90 - 490)

Intraprocedural 

Complications (nonetheless 

cured by EID)

2 pts pneumo       

peritoneum  

(conservative 

treaetment)

1 pts septic 

shock   

(surgical 

drainage)

Longterm                            

Complications
6 stenosis treated endoscopically with achalasia baloon dilation (30-35-40mm)

50
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According to our previous experience [13], we suggest an
algorithm for the use of endoscopic internal drainage with or
without enteral nutrition as first-line management of GL fol-
lowing SG. Our study, amounting to 67 patients, is the largest
to date. We believe that pigtail stent acting as a foreigner body
promotes re-epithelialization while guarantying internal drain-
age of infected fluid collection. It allows early removal of
surgical drainage (if present) avoiding fistula tract to become
chronic. Moreover, stent do not interfere with early oral re-
alimentation after a short period of enteral nutrition.

Paramount importance has to be given to leak site and
perigastric collection evaluation in order to correctly assess
its extension and anatomical relations. We performed not only
intra-procedural contrast study but also, whenever feasible,
direct view inspection by means of endoscopic cavity explo-
ration (NOTES procedure) [20] (video 1).

Systematic evaluation after 4–6 weeks was performed in
order to avoid pigtail obstruction and more importantly to
induce fistula’s edge traumatism to help granulation tissue
formation and watertight closure of the fistula (video 2).

Another key point is C02 insufflation. It reduces risk of pneu-
moperitoneum, air embolization, and post-procedural patient

Fig. 5 a Gastric stenosis after EID treatment for dehiscence of gastric staple line. b Pneumatic dilation using Rigiflex® Balloon up to 40 mm. c Fully
covered self-expandable metal stent in place for refractory stenosis. d Complete stenosis resolution after 5 weeks of FCSEMS

Fig. 6 Watertight blind pseudo-diverticula after EID treatment
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discomfort [21]. For small cavity, it is important to de-
ploy only small caliber pigtail stent. They are softer and
easier to insert reducing the risk of perforating the cav-
ity. After the first 21 patients, we realized that persis-
tence of small orifice or pseudodiverticula (Fig. 6) does
not have any pathological impact on re-alimentation or
on motility and stomach empting and thus does not
require any further treatment.

In our series, average interval between primary surgery and
EID was of 60.3 days (4–1460), classifying our leaks as Blate^
fistula [14]. EID proved efficient even for leaks generally
associated with longer healing time and lower response to
SEMS deployment [22].

We recommend EID approach even for acute and early
fistula (within 6 weeks). EID guarantees a fast fistula resolu-
tion and avoidance of surgical cumbersome procedure.

NEED

surgical/percutaneous

DRAINAGE

STABLE PATIENT

Infection without Sepsis

Localized Peritonitis

No Mediastinitis

UNSTABLE PATIENT

General Sepsis

Diffuse Peritonitis

Mediastinitis

AIM

1 or more long double pigtail stent

across the orifice in order to completely 

drain the collection coupled when 

necessary with enteral nutrition

AIM

1 or more short double pigtail stent 

across the orifice  in order to promote 

healing allowing early drainage retrieval

coupled when necessary with enteral 

nutrition

NO NEED

surgical/percutaneous

DRAINAGE

EID EID

Fig. 7 Algorithm according
patient’s general status and leak’s
characteristic
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Draining the cavity from inside proved efficient, eas-
ier, and more physiological than surgical or radiological
drainage allowing avoidance of potentially long term
external fistula.

In almost one third of the cases, EID resulted in an all-in-
one procedure allowing simultaneously closure of leak and
drainage of infected cavity. Differently from SEMS, EID re-
duced necessity for external drainage by means of surgical re-
intervention or radiological percutaneous procedure, thus re-
ducing interval time between diagnosis and treatment, com-
plications related to different procedures and costs. We sug-
gest an Balgorithm^ that allows us to choose the correct ther-
apeutic plan according to patient’s general status and leak’s
characteristics (Fig. 7). Double pigtail stent expulsion oc-
curred in six patients due to granulation tissue pushing the
stent outside the cavity, but no re-intervention was required.

No patient required treatment interruption not even in case
of complications related to stent deployment. EID was contin-
ued until healing, allowing oral diet after the first endoscopic
controls, with no external drainage.

Conclusion

EID proved to be a valid, curative, and safe mini-invasive
approach for treatment of leaks following SG. According to
our experience, EID protocol should be considered as primary
management for both early and late leaks if no diffuse perito-
nitis or multiorgan failure is present. Although multiple endo-
scopic sessions are required, EID achieves complete drainage
of perigastric collections, simultaneously stimulating mucosal
growth over the stent. EID is well tolerated, less expensive
than SEMS, and burdened by fewer complications. Long-term
follow-up confirms good outcomes with no motility or feed-
ing alterations.
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