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Abstract
Gastric sleeve gastrectomy has become a frequent bar-
iatric procedure. Its apparent simplicity hides a number 
of serious, sometimes fatal, complications. This is more 
important in the absence of an internationally adopted 
algorithm for the management of the leaks complicat-
ing this operation. The debates exist even regarding 
the definition of a leak, with several classification sys-
tems that can be used to predict the cause of the leak, 
and also to determine the treatment plan. Causes of 
leak are classified as mechanical, technical and isch-
emic causes. After defining the possible causes, authors 
went into suggesting a number of preventive measures 
to decrease the leak rate, including gentle handling of 
tissues, staple line reinforcement, larger bougie size 
and routine use of methylene blue test per operatively. 
In our review, we noticed that the most important clini-
cal sign or symptom in patients with gastric leaks are 
fever and tachycardia, which mandate the use of an 
abdominal computed tomography, associated with an 
upper gastrointrstinal series and/or gastroscopy if no 
leak was detected. After diagnosis, the management 

of leak depends mainly on the clinical condition of the 
patient and the onset time of leak. It varies between 
prompt surgical intervention in unstable patients and 
conservative management in stable ones in whom 
leaks present lately. The management options include 
also endoscopic interventions with closure techniques 
or more commonly exclusion techniques with an endo-
prosthesis. The aim of this review was to highlight the 
causes and thus the prevention modalities and find a 
standardized algorithm to deal with gastric leaks post 
sleeve gastrectomy.
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Core tip: Gastric leak is one of the most feared compli-
cations after a sleeve gastrectomy. Routine oversewing 
of the staple line decreases the hemorrhagic complica-
tions but may not decrease the leak rate. Fever and 
tachycardia are the two most important clinical factors 
in the detection of gastric leaks and should never be 
neglected. The treatment modality should be based on 
the clinical status of the patient and the timing of the 
leak. Complete endoscopic approach via  natural orifices 
transluminal endoscopic surgery, diversion using a 
stent and closure with glue or clips is a reasonable op-
tion in selected patients and specialized centers.
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INTRODUCTION
Laparoscopic sleeve gastrectomy (LSG) is a surgical ap-
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proach to treat morbid obesity. It restricts the stomach’s 
size to induce satiety and resects fundal ghrelin-producing 
cells to decrease appetite[1,2].

LSG has become a very frequent procedure in bariat-
ric surgery, due to its simplicity and efficacy compared to 
the gastric bypass procedure[3,4].

The fact that this technique has erroneously been 
considered simple and easy has led to its adoption by a 
large number of  surgeons. Compared to gastric bypass 
and biliopancreatic diversion, its complications can be 
even more severe[5]. Staple line leaks, bleeding, and stric-
tures are the commonly reported complications following 
LSG. Based on the data of  12799 LSGS, the Internation-
al Sleeve Gastrectomy Expert Panel Consensus Statement 
2011, the leak rate was 1.06%[4], but the leak rate can vary 
between 1% and 3% for primary procedure[6] and more 
than 10% in revision procedures[7-9].

DEFINITION OF LEAK
According to the United Kingdom Surgical Infection 
Study Group, a gastric leak was defined as “the leak of  
luminal contents from a surgical join between two hol-
low viscera”. It can also be an effluent of  gastrointestinal 
content through a suture line, which may collect near the 
anastomosis, or exit through the wall or the drain[10].

Leaks can be classified based either on the time of  
onset, clinical presentation, site of  leak, radiological ap-
pearance, or mixed factors (Table 1).

Csendes et al[11] defined early, intermediate and late 
leaks as those appearing 1 to 4, 5 to 9 and 10 or more days 
following surgery respectively. By clinical relevance and 
extent of  dissemination, they defined type Ⅰ or subclinical 
leaks as those that are well localized without dissemina-
tion into the pleural or abdominal cavity, nor inducement 
of  systemic clinical manifestations, usually they are easy to 
treat medically. Type Ⅱ are leaks with dissemination into 
abdominal or pleural cavity, or the drains with consequent 
severe and systemic clinical manifestations.

Based on both clinical and radiological findings, type 
A are microperforations without clinical or radiographic 
evidence of  leak, while type B are leaks detected by ra-
diological studies but without any clinical finding, and 
finally, type C are leaks presenting with both radiological 
and clinical evidence[12].

CAUSES
Gastric leaks can be due to mechanical or ischemic 
causes. According to Baker et al[13] stapler misfiring, or di-

rect tissular injury are categorized as “mechanical-tissular” 
causes and usually appear within 2 d of  surgery (early), 
compared to the “ischemic causes” that usually appear on 
day 5-6 post operatively (post op) (intermediate).

In a multicenter experience with 2834 patients, leaks 
post LSG included improper vascularization due to an 
aggressive dissection especially of  the posterior attach-
ments of  the upper sleeve, thermal injuries to the gastric 
tube by ultrasonic devices (harmonic, Ligasure), stapler 
devices misfiring, stapling of  the orogastric tube[14].

Patients with distal stenosis are more likely to have 
proximal leaks, because of  gastric emptying impairment 
leading to increased intraluminal pressure and decreased 
compliance of  the gastric tube[15,16].

Other mechanisms concerning gastric leak post sleeve 
are still obscure, with a case report that presented 16 mo 
after surgery[17].

PREVENTION
Some authors advocate gentle handling of  tissues when 
using ultrasonic devices and staplers, avoiding distal ste-
nosis[16,18], in addition to sustaining steady compression 
on the staple device before firing to washout the fluids 
from the tissues[13].

Does staple line reinforcement or buttressing prevent 
or decrease the leak rate is a question that was addressed 
in several studies, some of  them concluded that rein-
forcement with oversewing decreases the leakage rate[19], 
some of  these authors were based on retrospective, non-
controlled studies[20], others recommend the use of  PSD 
(Peri Strips Dry, a bovine pericardium with collagen ma-
trix) to decrease the leakage rate[21-23]. Ser et al[24] recom-
mend oversewing despite their admission that their high 
leakage rate in their first cases (40 cases out of  118) is 
probably attributed to the learning curve.

Fibrin sealants (Tissucol) were also addressed in 
some studies with good impact in term of  decreasing 
leakage rate[25,26].

Large randomized prospective trials and a recent 
meta-analysis showed no significant difference between 
reinforcement (by oversewing or Seamguard) and with-
out reinforcement in term of  leakage rate[27,28], other large 
series reported no leakage without any reinforcement[29], 
most of  the others agree that reinforcement decreases 
the complication rate in term of  bleeding but not in term 
of  leak[30,31].

Based on what we mentioned previously concern-
ing the impact of  increased intraluminal pressure on the 
gastric leak formation[14,16], Márquez et al[5] leave the naso-
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Number of patients Proximal third Mid-third Distal third Posterior wall Not located

Mui et al[64], 2008 70 patients, 1 leak (1.42)    1 (100)
Burgos et al[18], 2009 214 patients, 7 leaks (3.3)     6 (85.6)   1 (14.3)
Csendes et al[16], 2010 334 patients, 16 leaks (4.66)   14 (87.5)   2 (12.5)
Sakran et al[14], 2013 2834 patients, 44 leaks (1.5) 33 (75) 3 (6.8) 3 (6.8) 2 (4.5) 3 (6.8)

Table 1  Different leak sites as found by different series  n  (%)



gastric tube in place for 24 h post op to decrease intralu-
minal pressure.

The size of  the bougie to be used for calibration is 
also a subject of  controversies, with bougie size rang-
ing between 32 and 60 fr[32], with the rational that using 
smaller sizes leads to better outcome in term of  sustained 
excessive weight loss[33], but on the other hand a large 
systematic review taking 4888 patients and another large 
meta-analysis of  9991 patients suggest that larger bougie 
size may decrease the leak rate, but further randomized 
studies are needed to assure the exact effect of  the bou-
gie size on the leak rate[14,16,25].

Based on the fact that operative detection of  a tech-
nically induced staple line defect can be treated with 
prompt closure, other modalities are adopted by a wide 
number of  authors and surgeons including the routine 
use of  methylene blue test during surgery for detection 
of  leaks, with high sensitivity and specificity[34-36], intraop-
erative endoscopy or air leak test[37,38]. But we should keep 
in consideration that a negative intraoperative methylene 
blue test does not eliminate the presence of  a leak[14,39].

The use of  closed suction drain routinely near the 
staple line, despite that it is performed by the majority 
of  surgeons, may not detect leak, and may not be helpful 
also in the drainage of  the collection[31,32].

The cornerstones in the revisional bariatric surgery 
include clear identification of  the existing anatomy neces-
sitating extensive dissection and adhesiolysis, taking in 
consideration the stomach wall thickness due to fibrosis 
or edema, pushing the surgeon to appropriately choose 
the size of  stapler’s height (usually 4.5 mm), oversewing 
of  the gastric tube at the level of  the staple line, leak test, 
and gastrostomy tube[40].

Based on the increased incidence of  leakage in the 
revision surgeries, some authors advocate two steps pro-
cedure, gastric band removal followed by the sleeve with 
a delay between 6 to 12 wk[41,42].

DIAGNOSIS
Debates still exist on which diagnostic modality is the 
most sensitive and specific concerning the diagnosis of  
a post sleeve gastrectomy leakage, but all of  them agree 
that early detection is associated with better outcome, 
and that a high index of  suspicion is the cornerstone in 
the detection and diagnosis of  leaks[14,43,44]. 

PRESENTATION AND WORKUP
Clinical presentation can vary widely between totally 
asymptomatic patients diagnosed with routine imaging 
studies (upper gastrointrstinal series…) post op[36], that 
are considered type A as mentioned previously[12], to the 
signs and symptoms of  a septic shock including fever, 
abdominal pain, peritonitis, leucocytosis, tachycardia, hy-
potension[12] (Figure 1).

Unexplained fever and tachycardia post op should 
raise the index of  suspicion of  a possible complication 
and push the surgeon to perform further radiological in-
vestigations to R/O the presence of  leak[16].

As for Csendes et al[16] and Dakwar et al[17], fever is the 
most important clinical factor in the diagnosis of  gastric 
leak post sleeve gastrectomy.

Others agree that tachycardia is the earliest[18], and 
most important and constant clinical finding indicating 
the presence of  a gastric leak[45], and a tachycardia above 
120 beat/min is a powerful indicator of  leak and systemic 
compromise[46].

Early leaks usually present with sudden abdominal 
pain, accompanied with fever and tachycardia in most 
cases, while late leaks tend to present with insidious ab-
dominal pain commonly associated with fever[31].

Laboratory studies including CBCD, CRP are neither 
sensitive nor specific, and they rarely contribute to make 
a diagnosis[14].
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Abdominal pain

± Fever ± tachycardia Without fever and tachycardia

CBCD + CRP

Abdominal CT with
watersoluble PO and Ⅳ

Observation and reassess

Upper GI ± gastroscopy

Management according to condition of patient Consider clinical status of the patient

Evidence of systemic illness No evidence of systemic illness

Diagnostic ± therapeutic laparoscopy Observe and treat medically

+ -

+

+ -

-

Figure 1  Algorithm for the workup of abdominal pain post sleeve gastrectomy, when a leak is suspected. CBCD: Complete blood count with differential; CRP: 
C-reactive protein; CT: Computed tomography; PO: Per os; IV: Intravenous; GI: Gastrointestinal.
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fistula, it contrarily can have deleterious effects on the delay 
of  diagnosis when a “normal test” covers a leakage[41,51].

Even in the setting of  positive diagnosis with CT scan 
of  a leak, an upper gastrointestinal gastrografin swallow 
is of  great importance to identify the magnitude and the 
level of  the leak[31].

One study mentioned that measuring the amylase 
level in the drain, when in doubt, has a high level of  sen-
sitivity and specificity for detecting fistula post gastric 
bypass surgery, but it was abandoned because it mandates 
leaving an unnecessary drain in place for more than 7-10 
d at least so that an early or intermediate fistula can be 
diagnosed[52].

MANAGEMENT
The management of  leak post sleeve gastrectomy impos-
es a lot of  controversies and difficulties in the adoption 
of  a standard algorithm, due to the paucity of  prospec-
tive randomized trials that are considered unethical to 
perform in this situation (Figure 2).

Based on the First International Summit for Sleeve 
Gastrectomy, the treatment may include early oversew-
ing, drainage (open or laparoscopic), endoscopic clipping, 
stenting or using fibrin glue, sometimes the use of  a 
Roux limb or total gastrectomy as the last resort[34].

The adoption of  Csendes et al[16] model of  classifica-
tion for gastric fistula post sleeve may constitute the first 
step in the establishment of  such an algorithm or proto-
col, based on 3 characteristics: Time of  appearance (early, 
intermediate and late); Location (proximal, mid or distal 
gastric); Severity or magnitude (type Ⅰ and Ⅱ).

Computed tomography (CT) of  the abdomen with 
IV and PO water soluble contrast is considered as a part 
of  the diagnostic workup of  patients with suspected leak, 
with the presence of  abdominal collection or free fluid, 
extravasation of  contrast into the abdominal cavity or the 
drain tube, or persistent pneumoperitoneum as diagnostic 
findings of  leak or fistula[47].

CT is considered to be the best non-invasive modal-
ity for detection and confirmation of  a gastric leak[16,31,48]. 
These results are also supported in another multicenter 
experience showing that CT had the highest detection 
rate of  gastric leaks in up to 86% of  patients[14].

This superiority of  CT scan over other invasive and 
non-invasive modalities is questioned by some investiga-
tors, lying on the fact that obesity and large body dimen-
sions [body mass index (BMI) over 50] produce artefacts 
that reduce the image quality, added to the technical 
difficulties imposed by the large body weight and dimen-
sions that may overcome the ability of  the framework to 
support and thus they recommend upper gastrointestinal 
(UGI) radiography and endoscopy instead[49].

Now concerning the routine performance of  the gas-
trografin swallow test 24-72 h post op, it is still an area of  
large debate. While a large recent retrospective review of  
712 patient conducted by Wahby et al[36] have shown its 
inability to detect post op leakage, they still recommend 
it to be done routinely, especially that it can detect other 
complications like strictures and anatomical consequenc-
es of  the sleeve[18,47,50], but at the same time, they recom-
mend to do routine methylene blue test per operatively as 
mentioned previously.

Be aware, knowing that a normal test cannot rule out a 
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Figure 2  Algorithm for the management of a gastric leak post sleeve gastrectomy. NPO: Nil per os; IV: Intravenous; PPI: Proton pump inhibitor; TPN: Total par-
enteral nutrition; GI: Gastrointestinal.

Early

Conservative management:
NPO, Ⅳ hydration, PPI, TPN,
percutaneous drainage of any

collection, broad spectrum
antibiotherapy, weekly upper GI series

Prompt surgical
intervention:

Lavage + drainage
± oversewing

Improving by radiological
and clinical measures

Not improving by radiological
and clinical measures

Endoscopic trial with
endoprosthesis

Continue same
conservative management

Removal at 6 to 8 wk Improving by radiological
and clinical measures

Not improving by radiological
and clinical measures

More radical surgery:
Roux-en-Y gastrojejunostomy

vs  gastrecomy

Continue same
management

Laparoscopy Open

Management according to condition of patient

Intermediate and late Prompt surgical intervention

UnstableStable

Lavage and drainage according to 
the skill of the surgeon

Surgical management:
Lavage and drainage
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Unstable patient upon presentation justify prompt 
surgical intervention by laparoscopic or open means for 
washout and drainage at least, that may be coupled with 
debridement and suturing of  the orifice if  the condition 
of  the patient and the tissues, and the skills and experi-
ence of  the surgeon permit[18,36].

Immediate surgical intervention with washout drain-
age and suture if  the tissue was in an early stage of  
inflammation in patients with early leaks showed better 
outcome than the more conservative approach. While the 
adoption of  a more conservative approach for intermedi-
ate and late leaks in clinically stable patients is more rea-
sonable with adequate hydration, proton pump inhibitors, 
nil per os, nutritional support, percutaneous drainage of  
any collection and broad spectrum antibiotherapy[16,18,27,36], 
with a follow up weekly by upper gastrointrstinal series 
to ensure healing, when any concern about healing, more 
invasive approaches may be considered.

Most patients who underwent suturing for their fistu-
la failed to close directly due either to persistence of  the 
leak (orifice cannot be identified clearly) or failure of  the 
suture (inflamed and friable tissue)[13], especially after the 
third day post op[16]. For that, a simultaneous endoscopic 
intervention and insertion of  a guide wire (rendez-vous) 
from the stomach lumen so that the surgeon can identify 
clearly the gastric defect to suture it can be used[36].

If  the leak does not heal after several weeks, usually 
2 wk, endoscopic management can be considered with 
wide range of  success rate according to the studies[53,54].

Endoscopic modalities 
Closure techniques: (1) Endoclips were used initially for 
hemostasis, later on trials to treat esophageal, colonic and 
duodenal mucosal defects and perforations were extrapo-
lated to be used in post sleeve gastrectomy leakage[55], 
now the new over the scope clips (OTSC) have more 
promising results, but they are limited for very small mu-
cosal defects and microperforations[56], and are ineffica-
cious in inflammatory or edematous mucosa, demanding 
technical skills; and (2) Sealant materials including fibrin 
glue and cyanoacrylates. Fibrin glue acts by dual effect, 
as a plug directly occluding the defect and as a fibroblast 
promoter to enhance wound healing, thus it is absorbed 
after 4 wk and replaced by connective scar tissue[57,58].

Exclusion techniques - endoprosthesis (stents): 
Initially stents were used to treat stenosis, it was shown 
that they decrease the intraluminal pressure, which may 
be part of  the pathophysiology of  the gastric leak post 
sleeve as mentioned above[14], so its use gained a wide-
spread in the management of  proximal and middle gas-
tric leak[51] due to the advantage of  the ability to resume 
per os feeding and discharge the patient home, but the 
migration index is high, reaching 30%, with the same rate 
when comparing self-expanding metallic stents (SEMS) 
and self-expanding polyester stents (SEPS)[59].

Nguyen et al[54] used self-expanding stents with a suc-
cess rate of  100%. The gastric sleeve leaks usually take 
more than 6 wk to heal (average of  45 d) compared to 

healing time in laparoscopic Roux-En-Y gastric bypass 
leaks (30 d)[16], at the same time keeping the stents for 
long periods risks to damage the underlying mucosa, es-
pecially with uncovered stents, ideally most authors agree 
that 6-8 wk is the optimal removal time, but these pros-
thesis should be observed closely with the possibility to 
remove them after 4 wk[14,54,60].

A complete endoscopic approach was also sug-
gested by Bège et al[61], without the need for any surgical 
intervention that consists of  3 stages of  endoscopic 
treatment: Washout and drainage using natural orifices 
transluminal endoscopic surgery (NOTES); Diversion 
using a stent; Closure with glue or clips.

Patients who fail all these measures, need a definitive 
surgical intervention with more aggressive and radical 
treatment, including either conversion to gastric bypass, 
or a Roux-En-Y with a jejunal limb oversewn over the 
fistula, or finally in some cases a total gastrectomy with 
esojejunal anastomosis[37,62,63].

CONCLUSION
LSG has now gained a wide spread among surgeons; its 
apparent simplicity to perform hides a number of  tricks 
and pitfalls to avoid, and a number of  general principles 
to stick to.

The most dreadful complication of  this apparently 
simple procedure is gastric leak, which implies a long hos-
pital stay, morbidities and sometime mortalities. Its man-
agement is variable, with no standard algorithm to follow, 
but most of  the data demonstrates that the management 
should be planned based on the clinical evaluation, time 
of  diagnosis and finally the location of  the leak.

On the other hand and in the absence of  a clear ap-
proach and guidelines for the management of  gastric 
leaks post sleeve gastrectomy, appears the importance 
of  prevention, by the simple adherence to general surgi-
cal principles, and the particular considerations of  sleeve 
gastrectomies. 
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