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KEYWORDS Summary Complications in bariatric surgery are varied; they are severe at times but infre-
Obesity; quent. They may be surgical or non-surgical, and may occur early or late. The goal of this
Gastric bypass; systematic review is to inform and help the attending physician, the emergency physician and
Sleeve; the non-bariatric surgeon who may be called upon to manage surgical complications that arise
Gastric banding; after adjustable gastric band (AGB), sleeve gastrectomy (SG), or gastric bypass (GBP). Data
Fistula; from evidence-based medicine were extracted from the literature by a review of the Medline
Hemorrhage database and also of the most recent recommendations of the learned societies implicated. The
main complications were classified for each intervention, and a distinction was made between
early and late complications. Early complications after AGB include prosthetic slippage or per-
foration; SG can be complicated early by staple line leak or fistula, and BPG by fistula, stenosis
and postoperative hemorrhage. Delayed complications of AGB include intragastric migration
of the prosthesis, late prosthetic slippage and infection, while SG can be complicated by
gastro-esophageal reflux, and BPG by anastomotic ulcer and internal hernia. The analysis of
available data allowed us to develop decisional algorithms for the management of each of
these complications.
© 2017 Published by Elsevier Masson SAS.
Introduction adults are obese and France, where 15% of adults are obese,

has not escaped this pandemic [3].

The prevalence of obesity is steadily increasing throughout
the world [1,2], having doubled in the last 30years; it is no
longer uniquely confined to rich countries. Today, 500 million
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Since 2005, the number of bariatric interventions carried
out in France has multiplied by 3.4; more than 42,000 inter-
ventions were performed in 2013. Bariatric surgical activity
is booming and its widespread application requires good
quality management of surgical complications.

The HAS (High Authority for Health) has published recom-
mendations, which were updated in 2009. Bariatric surgery
involves two main types of intervention:

e strictly restrictive procedures include: adjustable gas-
tric banding (AGB) (Fig. 1) and sleeve gastrectomy (SG)

(Fig. 2);
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Figure 1. Schema of the adjustable gastric band (AGB).

From HAS-Obesity: surgical management in the adult, 2009. http://www.has-sante.fr/portail/upload/docs/application/pdf/2009-09/fiche

_technique_anneau_gastrique_080909.pdf.
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Figure 2.  Schema of sleeve gastrectomy (SG).

From HAS-Obesity: surgical management in the adult, 2009. http://www.has-sante.fr/portail/upload/docs/application/pdf/2009-09/fiche

_technique_gastrectomie_080909.pdf.

* mixed restrictive and malabsorptive procedures: the main
variants are gastric bypass (GBP) [4] (Fig. 3) and bilio-
pancreatic diversion (BPD). Complications of BPD have not
been detailed in this systematic review in view of the low
number of BPD performed in France in comparison with
the other procedures.

Today, no single technique can objectively prevail over
the others.

The AGB is the least aggressive intervention, and offers
satisfactory weight loss that is dependent on a careful nutri-
tional follow-up. This is a minimally invasive procedure and
may be the first of several surgical procedures [5].

SG, whose use has expanded significantly in recent years,
offers results that are intermediate between AGB and
GBP; perioperative mortality rate is equally intermediate
between AGB and GBP.

GBP offers the best initial weight loss and long-term
weight stability [6,7]. The most commonly performed tech-
nique is the Roux-en-Y GBP. There is indeed a variant with a
single anastomosis, called GBP en Omega or mini-GBP. This
procedure has not, to date, been validated by the HAS nor
recognized in the nomenclature [8].

Bariatric surgery has long been marginalized, and only
recently has dedicated training of this discipline and its par-
ticularities been introduced. Therefore, many surgeons are
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Figure 3. Schema of Roux-en-Y Gastric BYPASS (GBP).

From HAS-Obesity: surgical management in the adult, 2009. http://www.has-sante.fr/portail/upload/docs/application/pdf/2009-09/fiche

_technique_bypass_080909.pdf

not well trained in the principles of surgical management of
obese patients [9].

Non-surgical postoperative complications
Thrombo-embolic complications

The incidence of pulmonary embolism (PE) after bariatric

surgery ranges from 0 to 0.6%; with the use of protective

anticoagulation, mortality ranges from 0 to 0.4% [10—13].

Discrepancies of results between various authors may be

explained by several phenomena:

e some procedures are performed by laparotomy, others by
laparoscopy;

e reports often combine several different procedures (AGB,
SG and GBP);

e finally, PE is often an epiphenomenon related to other
surgical complications.

The identified risk factors for PE are:
e age: there is a linear correlation between age and risk;
e BMI: there is also a linear correlation between BMI and
risk;
e a prior history of thrombo-embolic disease;
e the occurrence of surgical complications.

No studies provide definitive recommendations on the
optimal duration of postoperative thrombo-embolic prophy-
laxis. The French Society of Anesthesia and Reanimation
(SFAR) suggests two daily injections of low-molecular-weight
Heparin AF: the author should confirm, we can suggest,
or at least point out the problem, but | do not think it is
not up to us, alone, to intervene in his/her place (without
exceeding 10,000 1U/d) for a ten-day period. Prophylactic
efforts should be multimodal and early ambulation should
be the rule. The combined use of intermittent pneumatic
calf compression (IPCC) has also been proposed, but with-
out evidence-based confirmation. Similarly, the wearing of
elastic support hose for one month postoperatively has been
proposed.

The incidence of postoperative thrombo-embolic
complications is multiplied by a factor of 2 to 3 in obese

patients. The risk is further increased when the surgical
approach is by laparotomy compared to the laparo-
scopic approach [10,11]. The development of multimodal
approaches to the prevention of thrombo-embolic disease
has reduced the prevalence of pulmonary embolism to less
than 0.7% [10,11,14].

Respiratory complications

If pulmonary embolism is excluded from respiratory
complications, the incidence of pulmonary complications
(pneumonopathy, pleural effusion, etc.) ranges from 0.6%
to 1.1% [15]. Laparoscopy probably plays a favorable role in
reducing respiratory complications and, in 2013, their inci-
dence after bariatric surgery was 1.6%, consisting mainly
of atelectasis of the pulmonary bases, frequently associ-
ated with pneumonopathies [16]. Thus, whenever a CT is
performed postoperatively in search of a complication, the
radiologist should always scrutinize the pulmonary bases.

Nutritional complications

The possibility of vitamin deficiencies is largely related to
the malabsorptive procedures and is potentiated by the
induced loss of appetite. Deficiencies in vitamin D and B-12
are the most likely, which justifies systematic postopera-
tive supplementation [17—20]. Vitamin D deficiency (due
to decreased absorption) exposes the patient to the risk
of early osteoporosis from secondary hyperparathyroidism.
Finally, while GBP does not include a gastric resection, the
reconfiguration of the alimentary and biliary circuit mod-
ifies the pH rendering gastric intrinsic factor inactive and
impairing iron absorption, resulting in vitamin B-12 and iron
deficiency [21].

Chronic vomiting after bariatric surgery, regardless of the
cause, increases the risk of vitamin B-1 deficiency. Intra-
venous perfusion of dextrose and saline without vitamin
supplementation may therefore lead to Gayet-Wernicke syn-
dromes [22,23]. Finally, there is a risk of dumping syndrome
(5—10%) and late hypoglycemia (< 1%), especially after GBP
but also after SG [24].
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Postoperative surgical complications
After AGB

Safety is the principal advantage of AGB since its mortality
is currently almost nil: less than 0.01% or actually zero in
some series [7]. However, AGB has a higher morbidity with
more early and late complications.

It is difficult and illogical to speak of global morbidity
since early complications appear to be essentially related
to lack of experience and the surgical learning curve;
their prevalence decreases rapidly over the years of a sur-
geon’s experience. However, late complications continue to
increase over time [5,25,26].

Early

Esophageal and/or gastric perforation

The peri-gastric positioning of the gastric ring determines
the upstream gastric volume, which is calibrated by use of
a probe that includes a 15 cm? balloon at its lower end. This
probe is introduced by the anesthesiologist and advanced
into view of the surgeon, then inflated and withdrawn until
it is pulled snug against the cardia. However, its use remains
optional.

Esophageal perforation may occur intraoperatively dur-
ing the advancement of the calibration probe, but its
diagnosis is often not made until the early postoperative
period. Clinical degradation of the patient or evidence of
leakage by upper Gl series (UGIS) is confirmed by a CT scan
with oral contrast. If perforation is diagnosed intraopera-
tively, the AGB should not be placed [1,27]. More typically,
gastric perforation occurs intraoperatively during the cre-
ation of the retro-gastric tunnel. If perforation is diagnosed
intraoperatively, the AGB should not be placed. Perfora-
tion may not be diagnosed until the postoperative UGIS is
performed. In the meta-analysis conducted by the French
National Agency for Health Evaluation (ANAES) in 2001, the
incidence of gastric leak was 0.3% (15 cases out of 5237). In
one series that compared the *‘pars flaccida’’ technique to
the peri-gastric technique, the former indeed lowered the
incidence of this complication to 0.3% [1]. In all cases of
perforation or leak, re-operation is necessary.

Acute dilatation

Acute dilatation of the gastric pouch is a rare but extremely
severe complication that may lead to gastric necrosis due
to distension and diastatic ischemia. Its incidence ranges
between 0.3% and 2.6% [28,29]. Dilatation occurs mainly
when the AGB is positioned too low (in the lesser sac), is not
anchored posteriorly resulting in early slippage and tipping
with gastric prolapse leading to acute gastric distension. It
is thus a posterior slippage. The UGIS objectively confirms
this complication showing the AGB in a vertical position if
the pouch prolapses posteriorly and in a horizontal position
if the pouch prolapses anteriorly [27], with a large gastric air
pocket and no passage of the contrast medium. Re-operation
is obligatory with removal of the AGB, although some sur-
geons consider the possibility of repositioning the AGB [29].

Late complications

Late complications occur frequently after AGB. All
complications described below may lead to the need for re-
operation. The overall rate of complications related to the
access port and connector tubing is about 5% [29].

Infection
Chronic purulent drainage should lead to suspicion of
infected AGB, particularly due to gastric mural erosion with
intragastric migration; this requires removal of the AGB. The
infection rate of AGB at one year was 0.6% in the National
Health Insurance Fund (CNAM) survey published in 2007 [30].
The incidence of access port infection is estimated at 1%.
Typically, the access port is contaminated during transcu-
taneous puncture to modulate the tightening of the band.
The infected access port leads to local inflammation with
pus exiting along a trocar tract. The infected access port
must then be removed along with any infected connector
tubing. The resected access port and connector tubing are
sent separately for bacterial culture. The remaining tubing
is left in the peritoneal cavity. Local care of the access port
site is then continued until healing. Once healing has been
achieved, the tubing can be reconnected to a new access
port via a laparoscopic approach.

Connector tubing rupture

The tubing connects the access port to the balloon of the
AGB; the access port is implanted subcutaneously while the
tubing leads into the abdominal cavity. This tract must ide-
ally be created without kinking in order to avoid any risk of
rupture or disconnection. The incidence of rupture or dis-
connection is about 1%. The main clinical sign is the patient’s
sensation that the AGB is no longer present or working with
an arrest of excess weight loss (EWL). Opacification by injec-
tion of the access port with contrast shows a leakage of
contrast medium at the point of tubing rupture. This compli-
cation has become increasingly rare since the connections
have been placed at a distance from the passage through
the abdominal muscle layers and since the creation of an
oblique subcutaneous tubing trajectory has become the rule
[29,31].

Pocket dilatation and late AGB slippage

Dilatation of the pouch with slippage of the AGB is the

most frequent late complication, with 2% prevalence; it typ-

ically consists of delayed progressive dilatation of the gastric
pouch due to late sliding of the AGB. The restrictive func-
tion of the AGB remains effective as long as the gastric pouch
remains small. Excessive mobility of the AGB combined with
large food boluses leads to progressive dilatation of the small
gastric pouch. As the sensation of satiety is delayed, the
quantity of ingested food increases. This vicious circle leads
to progressive distension and the gastric wall slips through
the AGB. This is, in essence, a trans-prosthetic gastric her-
niation [27]. Clinical signs are an arrest of EWL associated
with a major worsening of comfort during eating ranging
from heartburn to total alimentary intolerance. An UGIS con-
firms the diagnosis: the AGB appears to lie horizontal with

an anterior trans-prosthetic gastric herniation [32].

This complication develops gradually, unlike early band
slippage with posterior rotation. But in the absence of early
diagnosis, the dilatation of the gastric pouch worsens pro-
gressively just as for anterior slippage and trans-prosthetic
hernia. The situation can also develop into an acute compli-
cation of strangulated hernia through the AGB with a risk of
gastric necrosis.

Technical modifications have significantly reduced the
frequency of this complication:

e when the AGB was positioned through a posterior
approach in the lesser sac, the prevalence of slippage,
and thus of pouch dilatation, reached 20% of the cases
[33,34];
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e with peri-gastric positioning, there was slippage of the
AGB in 10% of cases;

e when the AGB is positioned according to the currently
recommended ‘‘pars flaccida’’ technique, the rate of
slippage is reduced to less than 2%, as was found in a
prospective randomized trial [35].

The heterogeneity of procedures and length of follow-up
explain the differences between various rates reported in
the literature.

Whenever there is an arrest of EWL, with or without
heartburn and early satiety, the diagnosis of AGB slippage
with pouch dilatation must be evoked. Only the UGIS allows
confirmation of the slippage. Once the diagnosis is made,
the gastric band must be loosened. Endoscopy should not be
performed through a tight AGB. If the contrast medium does
not cross the AGB narrowing, it is urgent to loosen it.

Erosion and intragastric migration

The prevalence of gastric wall erosion varies from 0.3% to
28% in various studies. In studies with high rates, erosion
can be explained by technical errors but also by excessive
tightening of the band [1,36,37]. The true incidence of this
complication appears to be more in the range of 0.5 to
1% [29,38,39]. In the National Health Insurance Fund study,
the one-year intragastric migration rate was 1.3% [30]. The
causes of intragastric migration are mostly obscure. We must
distinguish early-onset erosion (very rare) from late ero-
sion (more frequent). Some patients are asymptomatic, but
for the rest, the symptomatology is varied (epigastric pain,
tachycardia, fever, digestive hemorrhage with hemateme-
sis, dysphagia), with an arrest of EWL in most cases. While
UGIS and CT scan affirm the diagnosis, the examination of
choice is fiberoptic upper endoscopy. The logical treatment
is removal of the AGB and most teams have more or less uni-
form approaches depending on the degree of AGB migration
[5,29,40]. If more than 50% of the circumference of the AGB
has migrated transmurally, endoscopic removal seems the
best approach with over 80% success. In the event of fail-
ure, combined endoscopy-laparoscopy or laparoscopy alone
should performed for extraction of the AGB through an ante-
rior gastrotomy. If less than 50% of the circumference of
the AGB has migrated, symptomatology becomes an essen-
tial factor in the therapeutic decision. For asymptomatic
patients, surveillance is necessary with inflation of the AGA
and upper endoscopy every 2 to 3 months until the degree of

migration exceeds 50% and allows an endoscopic extraction.
For symptomatic patients, semi-urgent extraction must be
done by laparoscopy.

Esophageal dilation
If an AGB is overtightened, the gastric pouch dilates and
accumulated upstream gastric content then progressively
dilates the esophagus. But if loosening of the AGB restores
normal anatomy, this is not a true ‘‘esophageal dilatation’’.
True dilatation is progressive and not simply a consequence
of downstream obstruction. Indeed, esophageal dilatation
is not always accompanied by dilatation of the proximal
gastric pouch. This complication therefore poses the ques-
tion of whether there is decompensation of pre-existing
esophageal motor disorders after placement of AGB. The
AGB may behave like a second lower esophageal sphincter
(LES), with resting hypertonia and non-relaxation leading to
symptomatology similar to that of achalasia involving the
LES [41].
Dargent et al. [42] have proposed a classification of
esophageal dilatation into four stages:
e stage 1: moderate dilatation due to excessive or pro-
longed AGB tightening (about 25% of all patients);
e stage 2: tonic dilatation with a certain degree of achalasia
but with preserved esophageal motility (15%);
e stage 3: esophageal dilatation with AGB slippage and
resultant dilation of the upper gastric pouch (0.5%);
e stage 4: atonic dilatation due to complete and irreversible
achalasia.

The prevalence of esophageal dilatation is difficult to
assess due to variability in the definition of this complica-
tion. However, it is estimated that 5% of cases of esophageal
dilation require removal of the AGB [29]. When esophageal
dilation is observed on UGIS, the AGB should be loosened for
a period of three months and then re-evaluated. If the pouch
returns to normal, a slight band tightening can be resumed,
but persistence of the dilatation should lead to removal of
the AGB [27].

Complications after SG

SG was initially described as the first operative stage of
bilio-pancreatic diversion. Since the early 2000s, it has come
into its own as a full-fledged bariatric intervention, and has
been recommended since 2009. In 2013, 24,000 procedures

Table 1 Surgical complications after SG [6] (Figs. 4 and 5).
Early complications
Leak/fistula 2.3% Fistula is the principal complication after SG;
management is difficult and prolonged. Typically
arises at the upper edge of the staple line. It has
been widely reported in the literature
Stricture 0.7 to 4% According to its location, treatment can be
endoscopic or surgical
Hemorrhage 1.5% Bleeding is most commonly intraperitoneal rather

Late complications

Gastro-esophageal reflux Up to 25% [81,82]

than intra-luminal. Management is primarily surgical
rather than endoscopic

Only severe pre-existing esophagitis and Barrett’s
esophagus are contra-indications to the performance
of SG-S

Postoperative gastro-esophageal reflux is often
controlable with PPl medication
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Figure 4.  CT: CT-scan showing a postoperative fistula after sleeve
gastrectomy. Red arrow: leak of oral contrast agent.

Figure 5.  CT: CT-scan of a postoperative fistula after sleeve gas-
trectomy. Red arrow: pneumoperitoneum.

made SG the leading bariatric procedure in France, exceed-
ing both GBP and AGB. The complications for this procedure
are listed in Table 1 (Figs. 4 and 5) [43]. The main compli-
cation is leak or fistula from the top of the staple line with
a prevalence of about 2%. With regard to the mechanism
of complications after SG, some cases can be explained by
the persistence of the pylorus (which creates intragastric
hyperpressure) and others by the technique of SG. Hyper-
pressure probably plays a role in the genesis of fistulae and
also failures due to dilatation of the neo-gastric tube in case
of stenosis. Partial antrectomy could contribute to this gas-
tric hyperpressure by altering gastric motility [44]. Finally,
ischemia plays a role in fistulas that develop on the staple
line [45].

Complications after Roux-en-Y GBP

Early complications

Digestive fistula

The main early complication of GBP is leak or fistula with
an overall prevalence of 2—3.6%; in more recent series, the
prevalence is close to 2% (Tables 2 and 3) [6,46].

Each suture line of the GBP is logically at risk of
leak: the gastric pouch, the excluded stomach, the gastro-
jejunostomy, the jejuno-jejunostomy and staple closures of
small intestinal division sites. The most frequent site of leak

is the gastro-jejunostomy, which accounts for more than half
of the fistulae.

Most authors recommend performing an UGIS during the
first postoperative days. This examination makes it possible
to detect a fistula at the gastro-jejunostomy but not at the
jejuno-jejunostomy at the foot of the biliary loop, situated
1.5m distal to the proximal anastomosis. However, UGIS
has the added advantage of simultaneously determining the
absence of stenosis at one or the other anastomosis despite
its lack of sensitivity and specificity for fistula screening.

The treatment of fistulas after GBP depends on their
localization and their size, which determine their clinical
repercussions. Fistulae at the jejuno-jejunostomy at the
foot of the loop (anastomosis between the alimentary limb
and the biliary limb) are generally manifested by peritonitis
with violent abdominal pain and signs of sepsis that require
urgent surgical re-intervention [47—49].

This is also the case with most fistulae that occur at
the site of distal gastric division, resulting from distension
of the excluded stomach due to a downstream obstruction
(see anastomotic stenosis). It should be noted that, in these
patients, clinical examination through the obese abdominal
wall is sometimes of little help in detecting postoperative
peritonitis. Tachycardia is often the only clinical sign of a
possible surgical complication. In fact, a tachycardia greater
than 120/min requires an urgent exploratory laparoscopy in
order to search for a postoperative complication [50]. In
leaks from either site, the peritoneal contamination is rapid
and massive because of the large amount of enteric flow at
the level of the leak, or backed up in the stomach. Urgent
surgery is always required for these fistulae with peritoneal
toilet and reconstruction of the anastomosis, despite the
context of peritonitis. Indeed, the thickness of the obese
abdominal wall imposes certain pragmatism. The dogma of
performing stomas in the setting of postoperative peritoni-
tis from anastomotic fistula is barely compatible with safe
management of the stomas in this context and can lead to
the death of the patient or impose multiple re-interventions
[49]. Each succeeding operation poses a challenge because,
in the meantime, the patient loses little or no weight while
rapidly becoming malnourished, and the parietal sequelae
can rapidly exceed all therapeutic resources and, in turn,
become life threatening [49]. For fistula of the distal stom-
ach, a gastrostomy tube should be placed to decompress the
excluded stomach and protect the repair; it can then possi-
bly be useful at a later stage as access for enteric nutrition
[48,51].

Fistulae originating from the gastric pouch suture line
or the gastro-jejunostomy may be clinically evident at
the outset, but are often insidious and sometimes even
asymptomatic. If the patient is hemodynamically stable,
conservative treatment is generally appropriate, while
patients with systemic signs or hemodynamic or respiratory
instability (tachycardia, tachypnea, oliguria, fever, pain)
should undergo surgery. The aims of surgical re-intervention
are precise identification of the site of leakage, lavage of the
abdominal cavity, and effective drainage. The creation of a
feeding jejunostomy should be considered in this context of
postoperative peritonitis in a massively obese patient. Fis-
tulas at the gastro-jejunostomy, if they are diagnosed early,
are readily amenable to primary closure. In the case of late
re-operation, it may be impossible to close the leak due to
the poor quality of the surrounding tissues; their conversion
to directed fistula is preferable [48].

For asymptomatic gastro-jejunal fistulas, treatment is
conservative, keeping the patient on an empty stomach
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Table 2 Early surgical complications after GBP.

Early complications

Leak/fistula 1.9% [6]
Early postoperative
obstruction/anastomotic
stricture

Hemorrhage

<1% to >20% [7,48]

1.7% [54,57]

The principal complication after GBP. The most common
site of leakage is at the gastro-jejunostomy (Fig. 1)
Reported prevalence varies from 1% to more than 20%
Symptomatology and management differ according to the
site of obstruction, just as for fistula/leak (see below)
Most bleeding occurs in the immediate postoperative
period and, in most cases, is due to intra-luminal or
intraperitoneal bleeding from a staple line

Table 3 Late surgical complications after GBP.

Late complications

Anastomotic ulcer
Bowel obstruction

1-7% [55,58,59]
1—6% [56,65,66,83]

Half of these arise in the first three months, and only 15% beyond two years
In more than 60% of cases, obstruction is due to an internal hernia

Figure 6. Stricture of the gastro-jejunostomy (blue arrow).

with good drainage and appropriate nutritional support.
For enteric nutrition in this situation, the insertion of a
naso-jejunal tube should be preferred [52]. Antibiotics are
not systematically recommended [49]. A peri-anastomotic
collection must be subjected to good drainage and, if nec-
essary, percutaneous drainage.

Early postoperative obstruction due to anastomo-
tic stricture
Obstruction can occur at either the gastro-jejunostomy
(Fig. 6) or the jejuno-jejunostomy. The prevalence of strict-
ures varies in the literature from less than 1% to more than
20%. This difference in rates can be explained by the hetero-
geneity of the series: laparotomy/laparoscopy, early/late
stricture, failure to distinguish between gastro-jejunal and
jejuno-jejunal anastomotic stricture [51,53—55].
Symptoms and management differ according to location,
just as for fistula.

e

Figure 7.  Dilation of the excluded stomach (blue arrow), a result
of stricture at the jejuno-jejunostomy.

Early obstruction due to stricture of the jejuno-
jejunostomy is extremely serious. Obstruction due to faulty
anastomotic construction occurs early (day 1 or 2); it may be
asymptomatic initially, but evolves very quickly. The key to
treatment of this stricture is early diagnosis. The stricture
(Fig. 7) causes obstruction, but after GBP, the obstruction is
not betrayed by vomiting. Instead, the upstream jejunum
and duodenum of the biliary limb dilate. But the bilio-
pancreatic limb is a blind loop ending in the excluded distal
stomach; it is shorter than the alimentary limb (70 cm ver-
sus 150 cm). It therefore distends much more rapidly and, if
surgical re-intervention is not promptly performed, leads to
distension of the excluded stomach, perforation, and then
a generalized peritonitis with a very grim prognosis. Some
authors, including Msika et al., have proposed systematic
performance of an abdominal plain X-ray on day 1 in order to
detect gaseous distension of the stomach, which would indi-
cate stenosis at the foot of the loop. Surgical re-intervention
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is always indicated [48], with reconstruction of the jejuno-
jejunostomy at the foot of the loop and placement of a
decompressive tube gastrostomy.

Symptoms due to early stenosis of the gastro-
jejunostomy appear later than after stenosis at the foot
of the loop. They become evident in the first weeks after
surgery and gastro-jejunal stricture must be considered
when the patient presents with epigastric pain associated
with progressive dysphagia and vomiting. Some predisposing
mechanisms that should be suspected include the realiza-
tion of a circular stapled anastomosis, an overlarge gastric
pouch, and a pre-colic trajectory of the alimentary limb
[51,56]. In 90% of cases, stenoses of the gastro-jejunostomy
are treated endoscopically by pneumatic dilatation. The
number of dilatation sessions is variable; the resort to
surgery remains exceptional [51].

Decisional algorithm for management of complications after AGB.

Hemorrhage
Most bleeding occurs in the immediate postoperative period
and is either intra-luminal or intraperitoneal [54].

In the experience compiled by the American insurance
company BLIS, the prevalence of hemorrhage after GBP was
1.7% [57]. Intraperitoneal hemorrhage is almost always the
result of bleeding from a staple line. The diagnosis is obvious
when blood issues from an abdominal drain, but if there is
any doubt, exploratory laparoscopy is essential. The treat-
ment is surgical with peritoneal toilet and realization of
hemostasis.

Intra-luminal hemorrhages have several possible origins.
For bleeding from the gastro-jejunostomy or the gastric
pouch, the primary symptom is hematemesis, although asso-
ciated melena is also possible. If bleeding occurs in the
excluded stomach or at the jejuno-jejunostomy, melena
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is the primary symptom. The treatment of hemorrhage at
the gastro-jejunostomy is upper endoscopy to identify the
bleeding site, to evacuate clots and to perform a hemo-
static gesture. For bleeding at the foot of the loop, intensive
surveillance and possible transfusions are sufficient in most
cases [51,53].

Anastomotic ulcer

Anastomotic ulcer occurs only at the gastro-jejunostomy. Its

prevalence is between 1 and 7% [55—58]. Half of them occur

within the first three months and only 15% after two years

[59]. They are mainly observed in non-compliant patients

who smoke and who still require proton pump inhibitor med-

ications (PPI).

The pathophysiology is not yet clearly established. The
two main predisposing factors seem to be the acidity of the
gastric pouch (the acid pocket effect described in hiatal
hernias), and alteration of the gastric mucosa after this
intervention.

Other hypotheses have also been mentioned:

e absence of acid buffering by pancreatico-biliary secret-
ions. This hypothesis seems false since similar rates of
marginal ulcer have been reported after bilio-pancreatic
derivation of the mini-GBP type, in which this buffering
exists [60];

¢ use of non-absorbable suture material. The only evidence
supporting this hypothesis in the literature is the study
by Sacks et al. in 2006 [61]. However, in their study, the
postoperative use of PPl was not specified. Other studies
do not show any significant difference between the use of
non-absorbable suture versus absorbable suture;

e tension on the anastomosis caused by the ante-colic
trajectory of the alimentary limb, compared to the more-
direct retro-colic trajectory. Only Lublin et al. in 2006
provided evidence to support this importance of this
parameter [62]. In other older series, the postoperative
prescription of PPl was not specified.

Symptoms of anastomotic ulcer are typically epigastric
pain associated with dietary discomfort (hunger pangs), nau-
sea/vomiting, and worsening of dietary tolerance. In some
cases, the ulcer can be complicated by upper Gl bleeding, a
peptic stricture or even perforation.

The reference examination is upper endoscopy, which
confirms the diagnosis of ulcer, allows biopsies in search of
Helicobacter pylori infection, and finally allows monitoring
of ulcer healing after treatment.

The treatment is essentially medical with the prescrip-
tion of double dose PPI for three months. Peptic stricture is
treated by PPl and iterative dilatations or, occasionally, by
resection and reconstruction of the anastomosis if medical
treatments fail.

Two particularities are worthy of note:

e an anastomotic ulcer can perforate into the excluded
stomach. This may provoke another clinical sign: the
regaining of weight. If PPl therapy fails to cure anasto-
motic ulcer, the treatment is surgical with resection and
reconstruction of the anastomosis and resection of the
fistulous tract extending into the excluded stomach [63];

e the development of an ulcer in the excluded stomach is
extremely rare: 0.25% [27].

Delayed complications
Anastomotic ulcer

The modalities of management are similar to those for early
anastomotic ulcer. Its occurrence may be quite delayed,

with up to 15% of ulcers occurring two years after surgery
[59].

Anastomotic stricture

Late stricture involves only the gastro-jejunostomy. Two pos-

sible etiologies are:

e peptic stricture (cf. anastomotic ulcer);

¢ healing of a fistula with resultant stricture (see digestive
fistula).

Obstruction

The prevalence of late obstruction ranges from 1 to 6% and
is due is due to internal hernia in 60% of cases [64]. The
late appearance of this complication is made possible by the
patient’s weight loss and, in consequence, the development
of large potential spaces or passages between the small
intestinal mesenteries, within which the intestine can incar-
cerate (Fig. 3). The principal site of internal herniation is the
mesenteric window at the level of the jejuno-jejunostomy
at the foot of the loop. Incarceration here causes pain that
is often localized in the left flank. Herniation can also occur
through Petersen’s orifice (the space between the transverse
mesocolon and an ante-colic alimentary limb). Finally, there
can be trans-mesocolic herniation of the alimentary loop if
there is a breach in the transverse mesocolon, which, like
the others, enlarges with the patient’s progressive weight
loss.

Diagnosis of obstruction is often very difficult since
most patients who underwent GBP do not vomit! Moreover,
the obstruction is almost always intermittent, with clini-
cal symptoms consisting only of repetitive bouts of pain in
the same abdominal distribution without obvious cause [65].
Only a CT scan with oral contrast, performed during a bout
of pain allows delineation of this internal hernia along with
non-specific signs, such as distended small bowel loops or
signs of mesenteric vascular engorgement (venous stasis)
or sometimes an aspect suggesting a common mesentery
with most or all of the small intestine lateralized to one
side (usually to the left). However, false negatives are fre-
quent and a normal CT should not contraindicate exploratory
laparoscopy to confirm the diagnosis and close the mesen-
teric defects [66—70]. Many authors therefore recommend
the closure of mesenteric defects during GBP, but this is
not sufficient to completely prevent this complication since
the problem tends to appear after significant weight loss,
months and years after the intervention [64].

Cholecystolithiasis

The risk of a biliary complication after bariatric surgery
increases from the third month to the second year, with
a peak incidence between 6 and 18 months, corresponding
to the period of maximal EWL. Indeed, while lithogenesis is
multifactorial, obesity and the rapidity of weight loss are the
main factors implicated in its development [71,72]. Elevated
biliary cholesterol concentration and decreased gallbladder
motricity due to decrease in circulating cholecystokinin are
both active in the lithogenic process [71,73].

The series by Coupaye et al. [72] investigated the occur-
rence of cholecystolithiasis six months after the completion
of a GBP: the postoperative prevalence of vesicular stones
was 30% at one year, with microlithiasis in all cases, mostly
multiple, while half of the patients were asymptomatic.

No predisposing preoperative factors were found. There-
fore, they recommended routine prevention of stone
formation with ursodeoxycholic acid (UDCA) for a maximum
of six months in all patients who underwent GBP without
cholecystectomy [4].
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Figure 9. Decisional algorithm for management of complications after SG.

After GBP, the biliary tract is no longer accessible for
endoscopic retrograde cholangiopancreatography (ERCP) by
fiberoptic gastroscopy, which complicates management in
patients who develop common duct stones. Most authors
propose prophylactic cholecystectomy be performed sub-
sequent to GBP in cases of known cholecystolithiasis (the
HAS recommends abdominal ultrasound as part of the pre-
operative assessment prior to GBP), but no formal guidelines
have been made [74]. If cholecystolithiasis is not detected
by preoperative ultrasound, the attitude is controversial.
Some authors suggest prophylactic UDCA therapy treatment
after GBP, while others advocate routine cholecystectomy
at the time of GBP [75—77].

If gallstones migrate into the common bile duct, treat-
ment is surgical with three possible options [51,76,77]:

e all laparoscopic: cholecystectomy and common duct
exploration with stone extraction in one stage;

e the creation of a surgical gastrostomy to allow endoscopic
management by ERCP sphincterotomy and stone extrac-
tion;

e temporary restoration of normal anatomy to allow access
to the papilla for endoscopic sphincterotomy and stone
extraction.

Particularities of the GBP en omega

The creation of a single gastro-jejunostomy two meters dis-
tal to the ligament of Treitz without a Roux-en-Y limb is a
technically simple gesture, but associated with a mortality
of 0.2% and morbidity of 5.5% [78].
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The main early complications of GBP en omega are ana-
stomotic fistulas and bleeding similar to those occurring
after Roux-en-Y GBP. The particularity of fistula manage-
ment is the need for re-operation, which can sometimes be
avoided in Roux-en-Y GBP [79].

The main late complications are: anastomotic ulcer, bil-
iary reflux, and malnutrition. The incidence of anastomotic
ulcer is comparable to that observed in Roux-en-Y GBP. Bil-
iary reflux is a specific complication of the omega loop cons-
truction that may require conversion to Roux-en-Y GBP. [8].

Summary of complications and decisional
algorithm

Most complications after AGB are benign. Currently, the
perioperative mortality associated with AGB placement is

Decisional algorithm for management after gastric bypass.

almost zero. Severe complications include gastric perfora-
tion and gastric necrosis caused by acute distension: they
have become extremely rare as techniques have evolved
and operator experience has increased. The overall early
morbidity is low, estimated at about 5%. AGB is a minimally
invasive procedure, and can be succeeded by other surgi-
cal procedures if necessary. However, late complications are
frequent and varied, coupled with the fact that it has only
moderate bariatric efficacy; these factors make it a limited
but rather interesting approach for the young adult or even
the adolescent [80].

The use of SG has expanded significantly because it allows
rapid major weight loss, is easier to perform than LGB,
and seems to lead to fewer long-term vitamin deficiencies.
The bariatric results of SG are intermediate between AGB
and GBP and have an intermediate complication risk. How-
ever, SG’s seeming ease of performance should not mask
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its formidable early complication of gastric fistula at the
top of the staple line. The fistula is of multifactorial ori-
gin although always arising in the same location (or is it
a question of faulty surgical technique?); its management
is long and difficult, often requiring multiple hospital-
izations, multiple surgical resections and/or endoscopic
procedures. GERD, whether arising de novo or an exacer-
bation of previous symptoms, is the most common delayed
complication after SG, occurring in almost a quarter of
cases.

GBP is the most thoroughly understood of modern
bariatric interventions. Its complications are now well
known and described. Nutritional and vitamin deficien-
cies arise inherently after GBP or any total gastrectomy
or Roux-en-Y surgical montage. However, in the setting of
bariatric surgery with GBP, nutritional deficiencies appear
as an expected albeit undesirable effect of different pro-
cedures. The prevention of these deficiencies is an integral
part of obesity management, with preoperative screening
and correction of deficiencies, while most bariatric ser-
vices recommend postoperative lifelong supplementation
after GBP and bilio-pancreatic diversion. These rare defi-
ciencies are mainly vitamin and mineral deficiencies. Protein
deficiencies, after AGB, SG or GBP are exceptional [22].
But many patients opt for GBP despite the well-known
risks of deficiency, because it has the best results for sig-
nificant and durable EWL; its proven track record over
more than 20 years outweighs the constraints related
to lifelong vitamin therapy and the need for ongoing
follow-up.

The following algorithms are designed to assist the
attending physician, emergency physician and non-bariatric
surgeon in managing any surgical complications after AGB,
SG or GBP (Figs. 8—10). The specialist consultation cor-
responds to the opinion of a surgeon trained in bariatric
surgery or belonging to a Specialized Center of Obesity Care
(SCOC).

Conclusion

Bariatric surgery is legitimate with major, durable and
reproducible results. The complications of each of these
procedures are varied, potentially severe but fortunately
rare. There is a correlation between the *‘aggressiveness’’
or technical difficulty of an intervention (postoperative mor-
bidity and mortality) and its ‘‘effectiveness’’ (loss of excess
weight). The mortality associated with AGB is essentially
zero, but at the price of limited effectiveness and late
morbidity that may require re-operations. GBP, the old-
est intervention, offers the longest follow-up with the best
compromise between morbidity, mortality, efficiency and
risk. Complications, although rare, can be severe at either
the early or late postoperative stage. SG is presented as the
intermediate procedure for both weight loss and the risk
of complications (predominantly fistula), the treatment of
which belongs to a SCOC.
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