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Obesity has become a major health concern in Canada. This has resulted in a steady
rise in the number of bariatric surgical procedures being performed natonwide. The
laparoscopic Roux-en-Y gastric bypass (LRYGB) is not only the most common
bariatric procedure, but also the gold standard to which all others are compared. With
this in mind, it is imperative that all gastrointestinal surgeons understand the LRYGB
and have a working knowledge of the common postoperative complications and their
management. Early postoperative complications following LRYGB that demand
immediate recognition include anastomotic or staple line leak, postoperative hemor-
rhage, bowel obstruction and incorrect Roux limb reconstructions. Later complica-
tions may be challenging to differentiate from other gastrointestinal disorders and
include anastomotic stricture, marginal ulceration, fistula formation, weight gain and
nutritional deficiencies. We discuss the principles involved in the management of each
complication and the timing of referral to specialist bariatric centres.

Lobésité est devenue un probléme de santé majeur au Canada. Le phénomeéne est a
l'origine d'une augmentation constante du nombre de chirurgies bariatriques effec-
tuées partout au pays. La dérivation gastrique laparoscopique Roux-en-Y n’est pas
seulement la technique bariatrique la plus courante, elle est aussi la norme 2 laquelle
toutes les autres se comparent. Compte tenu de cela, il est crucial que tous les spécia-
listes en chirurgie digestive comprennent cette intervention et aient une connaissance
pratique de ses complications postopératoires fréquentes et de leur prise en charge.
Les complications postopératoires immédiates de cette technique qu'il faut recon-
naitre sans tarder incluent : la fuite anastomotique (le long de la ligne d’agrafes), 'hé-
morragie postopératoire, I'obstruction intestinale et les reconstructions incorrectes de
la branche Roux. Les complications tardives peuvent étre difficiles a distinguer des
autres troubles gastro-intestinaux et comprennent, notamment : la sténose anastomo-
tique, l'ulcération marginale, la formation de fistules, I"échec de la perte pondérale et
certains déficits nutritionnels. Nous discutons ici les principes qui sous-tendent la
prise en charge de chaque complication et le moment ou il est indiqué d’adresser les
patients vers des centres spécialisés en soins bariatriques.

besity has become a major health concern in Canada,' with extreme

obesity increasing in prevalence across the country by more than

400% in the last 2 decades.” Given the rise in obesity rates, the need
to increase the capacity to perform bariatric surgery has become a focus of
provincial planners. This is reflected in a steady rise in the number of proced-
ures being performed nationwide, with statistical data revealing a 63%
increase in the volume of inpatient bariatric procedures performed across
Canada in 2008-2009 compared with 2004-2005." Whereas there has been
evidence to suggest that increased surgical volumes impact positively on sur-
vival outcomes,* data to date have been unable to clearly demonstrate superior
outcomes with regards to readmissions, reoperations and mortality in bariatric
surgical centres of excellence relative to other surgical facilities.’

There are various surgical options available for the management of morbid
obesity. These vary from purely restrictive procedures, such as the laparo-
scopic adjustable gastric band, to purely malabsorptive procedures, such as the
jejunoileal bypass. In an attempt to reduce the complications associated with
purely malabsorptive procedures while still improving on the weight loss and
comorbidity resolution of the purely restrictive procedures, a number of
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hybrid restrictive/malabsorptive procedures have been
developed. These include the laparoscopic Roux-en-Y gas-
tric bypass (LRYGB), the biliopancreatic diversion and the
duodenal switch. Of these, the LRYGB has become the
gold standard bariatric procedure to which all others are
compared® and accounts for about 70% of all bariatric
surgeries performed worldwide.”

With this in mind, it is therefore prudent that surgeons
performing bariatric procedures, as well as the general sur-
gical community as a whole, become aware of the potential
complications that can arise from LRYGB and take a ration-
al approach to managing these complications. This review
discusses the major perioperative (< 2 wk postoperative)
and late complications that can arise in patients who have
undergone LRYGB. Emphasis is placed on the principles
involved in the management of each complication and the
timing of referral to specialist bariatric centres.

Discussion

Gastric bypass was first used in the management of mor-
bid obesity by Mason and Ito in 1966.° Over the last
4 decades, as laparoscopic expertise has improved, gastric
bypass has evolved into the laparoscopic version generally
performed today. The procedure involves construction of
a 15-30 mL proximal gastric pouch based on the lesser
curvature of the stomach, created by dividing the stomach

Fig. 1. Anatomy of a Roux-en-Y gastric bypass.
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with endovascular staplers around a bougie (ranging in
size from 32 to 50 Fr). The jejunum is then divided at a
point 25-50 cm from the ligament of Trietz, and the distal
alimentary limb is mobilized either in a retrocolic or
antecolic fashion and anastomosed to the gastric pouch.
The biliopancreatic limb of the jejunum is then anasto-
mosed to the alimentary limb between 100 and 150 cm
from the gastrojejunostomy (Fig. 1).

Postoperative complications following LRYGB can be
broadly grouped into early and late complications. By def-
inition, early complications occur within the immediate
perioperative period — the first 2 weeks post-LRYGB.
Late complications arise after the second postoperative
week. Medical complications, such as deep vein throm-
boses, pulmonary embolism and myocardial infarctions can
occur following any operative intervention. However, these
are remarkably infrequent following bariatric surgery and
often serve only to distract the surgical team from making
an early diagnosis of a surgical complication. The early
complications we focus on here are those directly linked to
LRYGB. These include anastomotic or staple line leak
(ASL), postoperative hemorrhage, bowel obstruction and
incorrect Roux limb reconstructions.

Early complications

Anastomotic or staple line leaks

Anastomotic or staple line leaks are the most dreaded and
potentially devastating complication of this procedure,’
with a mortality rate of nearly 50%.”"" A multivariate logis-
tic regression analysis in a study that included more than
3000 patients who underwent LRYGB concluded that ASL
was one of the strongest independent risk factors for post-
operative death." Fortunately, the incidence of ASL is rela-
tively low at 0.4%-5.2%."" It is pertinent, however, to
mention that experience performing LRYGB plays an
important role in lowering the ASL rate, with large retro-
spective series revealing an almost 40% reduction in ASL
as the surgeons became more adept using the technique.’
"To this end, as more surgeons across Canada begin to per-
form LRYGB, appropriate training, mentorship and me-
ticulous adherence to the details of the operative technique
will be important in maintaining a low ASL rate."

Anastomotic leaks occur most frequently at the gastroje-
junal anastomosis'' (Fig. 2); therefore, most bariatric sur-
geons use some method for intraoperatively testing the
integrity of this anastomosis, either via instillation of
methylene blue (Fig. 3) through an orogastric tube or
insufflation of air via an orogastric tube or flexible gastro-
scope with the anastomosis submerged.”"*"

Early recognition of ASL is critical to avoid further
adverse outcomes.” Unfortunately, a certain degree of
experience is necessary to make this challenging diagnosis.
The diagnosis of ASL is typically based on clinical grounds,
with or without the help of radiographic studies.'”"



Clinical signs, such as tachycardia, pyrexia, abdominal pain,
purulent drain output, oliguria and nausea or vomiting, are
harbingers of ASL.”"*'*"” A recent study concluded that sus-
tained tachycardia with a heart rate in excess of 120 beats
per minute was a good indicator of an ASL."” The necessity
of routine upper gastrointestinal (UGI) contrast studies has
been questioned by some groups;'**” however, such routine
testing within the first 24-36 hours postoperatively has
been standard practice among many bariatric surgeons." ™

Early operative management is the mainstay of treatment
for ASLs following LRYGB. The operative goals are to con-
firm and repair the ASL, remove GI contents from the
abdominal cavity and place closed suction drains." It should
be noted that, often, repair of the ASL may be challenging,
as the acutely inflamed tissues might not be amenable to
suture placement. In such cases, the removal of GI contents
and prudent placement of drainage tubes may be the safest
option. Placement of a feeding gastrostomy into the gastric
remnant or a feeding jejunostomy could also be considered,
as this would allow for continued enteral nutrition while
bowel rest is maintained at the site of the ASL.

A laparosopic or open approach to the management of
ASLs may be used depending on the skill and expertise of
the surgeon. More recently, owing to the use of closed suc-
tion drains in the region of the gastrojejunal anastomosis,
some surgeons are now willing to manage ASLs nonopera-
tively provided certain criteria, including the absence of
sepsis or hemodynamic instability, are met. The mainstay
of this treatment involves the use of intravenous anti-
biotics, monitoring of secretions through the drains and
nasoenteral nutrition. This approach has been shown to be
successful and lacks the morbidity associated with a reoper-
ation.”" It should be noted that this approach represents a
deviation from standard protocol and should only be
attempted at specialist bariatric centres with vast experi-
ence in the postoperative management of patients who
have undergone LRYGB. To this end, we recommend that

Fig. 2. Leak of the staple line at the gastrojejunostomy.
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all patients in whom an ASL is suspected should be
returned to theatre promptly to facilitate an operative
exploration.

Postoperative hemorrhage

Postoperative bleeding is a serious early complication fol-
lowing LRYGB. In a systematic review comparing open
versus laparoscopic RYGB, it was noted that the frequency
of GI tract hemorrhage was significantly higher in the
LRYGB series,” and the literature reports an incidence
between 1.9% and 4.4%."""'*

There are 2 types of postoperative hemorrhage noted to
occur following LRYGB. The first is bleeding into the
abdominal cavity (intra-abdominal), possibly from staple
lines at the gastrojejunostomy, the gastric pouch, the
jejunojejunostomy or the excluded stomach.” The second
source of bleeding is intraluminal at the aforementioned
sites. As has been mentioned previously, drains are some-
times left following LRYGB. Some groups have suggested
that their primary role is to allow the early diagnosis of
postoperative hemorrhage and to distinguish this from an
ASL.” However, as in other areas of GI surgery, drains are
not always a reliable indicator, particularly in the case of
intraluminal bleeding. Therefore, once again, a heavy
reliance on clinical parameters and laboratory work-up
become most important. Features such as a large quantity
of bloody fluid from the abdominal drains, tachycardia, a
drop in the hemoglobin level, bright red blood per rectum,
hematemesis and melena have been found to indicate post-
operative hemorrhage.”

In patients with substantial postoperative hemorrhage,
abdominal re-exploration using either a laparoscopic or
open approach must be performed. The operative goals are
to evacuate the majority of the clots, attempt to identify and
control the site of hemorrhage if it is readily apparent” or

Fig. 3. Methylene blue leaking through gastrojejunal anastomo-
sis during intraoperative testing.
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to oversew all staple lines if the patient is hemodynamically
unstable and does not have an obvious bleeding point.”

Small bowel obstruction

The most common causes of small bowel obstruction fol-
lowing LRYGB are related to internal hernias. As outlined
earlier, LRYGB can be accomplished using either an ante-
colic or retrocolic approach. As such, a number of poten-
tial mesenteric defects are created. The retrocolic ap-
proach creates 3 such defects: one in the transverse
mesocolon, one at the site of the jejunojejunostomy and a
Petersen defect (a space created between the Roux limb
and the transverse mesocolon). The antecolic approach
creates only 2 mesenteric defects: one at the jejunoje-
junostomy and a Petersen defect.

The time interval between the LRYGB and the onset of
symptoms related to an internal hernia is highly variable.”
Long-term follow-up of patients after LRYGB reveals that
internal hernia becomes the most common complication
over time,” with an incidence ranging from 1% to 9%.*”
In addition, it has been noted that while this complication
was relatively rare during the era of open RYGB, it is more
frequent following LRYGB.*

A number of hypotheses have been put forward to
explain this phenomenon. Some groups suggested that the
reduced bowel manipulation and peritoneal irritation with
the laparoscopic approach caused fewer postoperative
adhesions and thus resulted in reduced fixation of the Roux
limb and less scarring to help close mesenteric defects.”
Furthermore, rapid excess weight loss following LRYGB
leads to increased risk of internal hernia.” Inadequate clo-
sure of mesenteric defects has also been incriminated as a
causative factor, with various groups advocating the me-
ticulous closure of all possible defects with running, nonab-
sorbable suture as a means of reducing the rate of this
complication.”***”” Finally, it has also been debated whether
retrocolic approaches with the additional defect contribute
to an increased incidence of internal hernia, with some
authors suggesting that an antecolic approach reduces the
incidence of this complication.”

Ultimately, regardless of the cause or site, internal her-
nias can pose a life-threatening risk to patients who have
undergone gastric bypass owing to the possibility of stran-
gulation and perforation of bowel loops trapped within the
hernia. This being said, internal hernias are difficult to diag-
nose clinically or with radiographic imaging.” The symp-
toms are typically episodic and can range from innocuous
intermittent, colicky periumbilical pain and nausea to vom-
iting, anorexia and abdominal distension to dramatic acute
presentations of peritonitis and septic shock.”***

To avoid delays in diagnosis producing catastrophic
results, a high index of suspicion for the presence of inter-
nal hernias must be maintained in patients who have
undergone gastric bypass and report episodic abdominal
pain. Therefore, these patients are frequently investigated
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with contrast small bowel series and/or computed tomog-
raphy (CT). It should, however, be remembered that spon-
taneous reduction of the hernia can occur, and so a large
percentage of these patients will have normal imaging
results,” leading some authors to deem these investigations
noncontributory to the diagnosis.” However, our team has
identified whorling of the small bowel mesentery, the pres-
ence of the cecum and terminal ileum in the right upper
quadrant of the abdomen and the existence of the majority
of the small bowel loops on one side of the abdominal cav-
ity as a triad of CT scan findings that seem to be pathog-
nomonic for the presence of an internal hernia (Fig. 4).
Ultimately, in any patient suspected of having an internal
hernia there should be a low threshold for surgical explor-
ation. "Typically, as there are commonly few adhesions, the
procedure can frequently be completed laparoscopically
(Fig. 5). As such, if the requisite laparoscopic expertise is
unavailable at the institution where the patient presents,
the possibility of transfer to a specialist centre must be
entertained. Finally, most groups recommend closing these
defects with a continuous nonabsorbable suture, as this has
been shown to result in a reduced initial hernia rate.***"*

Another rare but potentially devastating complication of
LRYGB involves the inadvertent anastomosis of the prox-
imal biliopancreatic limb of the jejunum to the gastric
pouch in conjunction with a misplaced jejunojejunostomy.
This so called Roux-en-O construction gives rise to a blind
loop. Although this seems to be an atypical complication
infrequently reported in the literature, we discuss it here
because it can be easily avoided, and if it does occur, it
poses unique diagnostic challenges and profoundly in-
creases patient morbidity.”’

Patients with the Roux-en-O configuration typically pre-
sent with abdominal pain, biliary emesis, esophagitis and

Fig. 4. Computed tomography scan showing pathognomonic
internal hernia findings. The white arrow points to whorling of
the mesentery. The black arrow points to majority of small bowel
on the left side of the abdomen, and the “X” marks the position
of the terminal ileum/cecal junction.



severe dehydration. This occurs quite early in the postoper-
ative period. In reviewing the published case reports on this
complication, Sherman and colleagues” noted there was a
quite protracted wait between the patient’s initial presenta-
tion and the time at which the diagnosis was determined.
This period was filled with numerous contrast radiologic
studies and endoscopies, which commonly failed to high-
light any important pathology. Ultimately, it seems as
though only hepatobiliary iminodiacetic acid (HIDA) scan-
ning was able to facilitate the diagnosis of the complication
accurately by revealing prompt reflux of radioactive tracer
from the duodenum to the esophagus. Each of the patients
in the review had undergone repeated operative interven-
tions, numerous complications, protracted hospital admis-
sions and severe delay in the commencement of oral intake.

The best management strategy for this problem is to
avoid creating the Roux-en-O anastomosis at the initial
surgery. Sherman and colleagues” suggested that a lack of

surgical experience with bariatric techniques may be the
most important predisposing factor to this complication. To
this end, they proposed that the biliopancreatic limb be
made no longer than 50 cm, thus precluding its easy anasto-
mosis to the gastric pouch. Furthermore, the Roux limb
should be marked with a suture, short segment Penrose
drain or Weck clip promptly after the jejunum is divided to

Fig. 5. Small bowel herniating through a Petersen defect. The
transverse mesocolon is marked by the dashed line.

REVIEW

facilitate easy differentiation between itself and the biliopan-
creatic limb. Finally, before fashioning the jejunojejunos-
tomy, the biliopancreatic limb should be traced back to the
ligament of Trietz so that proper orientation is assured. If
intraoperative detection of a Roux-en-O was missed and a
patient presents postoperatively with suspicious symptoms
and little radiographic evidence of pathology, a HIDA scan
should be obtained before surgical intervention to help with
diagnosis, as the aberrant construction is sometimes hard to
detect intraoperatively in a hostile abdomen.

Late complications

Aside from the formation of internal hernias, a range of
other complications can develop over the long term in
patients who have undergone LRYGB. These complications
include anastomotic stricture, marginal ulcer formation, fis-
tula formation, weight gain and nutritional deficiencies.

Gastrojejunostomy anastomotic stricture
Stricture of the gastrojejunal anastomosis represents a
well-described, long-term complication of RYGB”
(Fig. 6), with a documented incidence ranging from 2.9%
to 23.0% of patients.’” Factors affecting the development
of anastomotic strictures include tension or ischemia at
the anastomosis and the healing capacity of individual
patients.”*” It has been noted that this complication is
substantially more frequent with the laparoscopic than the
open approach.” Whether this is because of the frequency
of a hand-sewn technique in open RYGB compared with
the prevalence of the stapled technique in the laparoscopic
era is the subject of debate.” However, it has been shown
that the incidence of gastrojejunostomy anastomotic stric-
ture may be higher when a 21 mm versus a 25 mm circular
stapler is used in construction of the gastrojejunostomy.’"”
Patients with gastrojejunostomy anastomotic stricture
may present weeks to months postoperatively with progres-
sive dysphagia and daily vomiting associated with little or
no abdominal pain.” Typically, radiographic studies appear
to have poor specificity for the diagnosis of gastrojejunos-
tomy anastomotic stricture, so a UGI endoscopy should be
performed in all suspected cases.” Fortunately, the endo-
scopic approach of pneumatic dilatation of the strictures is
frequently successful in managing these patients™™* (Fig. 6).

Fig. 6. Endoscopic view of (A) gastrojejunal anastomotic stricture, (B) balloon dilata-

tion of stricture and (C) postdilatation.
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However, in the rare instance of failure of the endoscopic
technique, an operative approach may be justified.

Marginal ulceration

Marginal ulceration is an important complication of
LRYGB. It corresponds to a peptic ulcer at the jejunal
mucosa near the site of the gastrojejunal anastomosis and
occurs in 1%-16% of patients.”** Whereas the exact etiol-
ogy of these lesions is unclear,” hypotheses have ranged
from the size of the gastric pouch to ischemia and the pres-
ence of a foreign body at the anastomosis.” Recently, it has
been shown that the presence of a Helicobacter pylori infec-
tion preoperatively may correlate with the development of
a marginal ulceration in the postoperative period,” possibly
suggesting a causative role for this organism.

In patients with a marginal ulcer, epigastric pain is the
most common presenting symptom and is frequently the
only symptom. However, patients may present with nausea
and vomiting or bleeding from their ulcers. Endoscopy is

Fig. 7. Endoscopic view of a gastrogastric fistula (the dashed line
encircles the fistula).

often diagnostic, and typically the ulcers heal after a course
of proton pump inhibitors and sucralfate.’*”” If this ap-
proach is unsuccessful and a gastrogastric fistula is exclud-
ed, biopsy of the gastric pouch may be necessary to rule
out the presence of an H. pylori infection.

Gastrogastric fistula

A gastrogastric fistula (GGF) is an abnormal communica-
tion between the gastric pouch and the excluded stomach
(Fig. 7). It is an uncommon but potentially important
complication after divided LRYGB, with an incidence
ranging between 1.5% and 6.0%."™” The most common
symptom of GGF is inadequate weight loss or weight
gain.” However, intractable marginal ulceration, recurrent
UGI hemorrhage, pain and stricture formation can all
herald the presence of a GGE” The causes of GGF are
varied, with iatrogenic, incomplete gastric transection
likely to be the most common cause.” In addition, subclin-
ical ASL from the gastrojejunal anastomosis or perforation
of a marginal ulceration could possibly result in the for-
mation of a GGE”

Given the relative rarity of this complication and the
myriad of possible presenting symptoms, any patients with
persistent nausea, vomiting, insufficient weight loss, weight
gain, intractable marginal ulceration, persistent epigastric
pain, recurrent UGI hemorrhage and gastrojejunostomy
anastomotic stricture should undergo UGI endoscopy and
contrast UGI series to elucidate the problem. If the investi-
gations reveal a GGE, these patients should be treated with
proton pump inhibitors and sucralfate. This course of med-
ical management has been shown to result in symptom reso-
lution in 37% of patients who experience this complication.”

Symptomatic GGF will require surgical management
using either a laparoscopic or open approach. Most experi-
enced laparoscopic surgeons would opt for the minimally
invasive approach, combining laparoscopy with intraopera-
tive endoscopy to identify, isolate and transect the fistulous
tract with an Endo GIA stapler.** However, recent reports

Table 1. Summary of recommendations

Postoperative period Signs/symptoms

Differentials

Investigations/actions

Early Sustained tachycardia (> 120 beats/min)

Bilious vomiting

Anastomotic or staple line leak
Substantial postoperative hemorrhage

R/O Roux-en-O configuration

Return to OR for diagnostic laparoscopy/laparotomy

HIDA scan with possible return to OR

Abdominal pain and vomiting

Late Colicky abdominal pain after meals
Excessive weight loss

Profound weight loss and vomiting

Weight gain

R/O internal hernia
R/O internal hernia

R/O anastomotic stricture

R/O gastrogastric fistula
Noncompliance

CT = computed tomography; HIDA = hepatobiliary iminodiacetic acid; OR = operating room; R/O = reoperation; UGI = upper gastrointestinal.

UGI series with possible return to OR

CT scan with possible return to OR for diagnostic
laparoscopy

UGI series

UGI endoscopy

Nutritional testing

Interventions based on results

UGI series

UGI endoscopy

Consider referral to specialized multidisciplinary
bariatric team
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of transgastric* and endoscopic** approaches using a

through-the-scope endoclip repair have attracted some
interest. However, there are limited data on the long-term
durability or overall efficacy of these repairs.

Weight gain

Weight gain after bariatric surgery occurs in about 10% of
patients after 5 years and in about 20% of patients after
10 years.” The cause of weight gain is likely to be multi-
factorial, but there may be some contribution from pouch
dilatation or the presence of a GGFE.** It has been
demonstrated that lack of control over food urges, addict-
ive behaviours, decreased overall postoperative well-being,
lack of self-monitoring and fewer postoperative follow-up
visits are associated with weight gain.” Ultimately, these
patients will require a thorough evaluation in a bariatric
multidisciplinary setting before any consideration of sur-
gical reintervention to address the weight gain.

Nutritional deficiencies

Nutritional problems after LRYGB are features of the surgic-
al model itself. The same changes of GI anatomy and physi-
ology that reverse obesity can elicit imbalances owing to
reduced oral intake or excessive losses secondary to reconfig-
uration of GI motility, pH and enzymatic profile.” Anemia is
the most common complication and is estimated to occur in
20%-49% of patients after antiobesity operations.” In
patients who undergo gastric bypass this is due to iron, folate
and vitamin B12 deficiencies.* Major deficits were also noted
in magnesium, calcium, zinc, 25-hydroxyvitamin D, thiamine
and B-carotene.”™ Blood work is recommended to detect and
monitor vitamin and mineral deficiencies. These patients
require a referral to a registered dietitian for nutrition coun-
selling, and lifelong vitamin and mineral supplementation is
recommended.”

CONCLUSION

Laparoscopic Roux-en-Y gastric bypass is currently the
gold-standard bariatric surgical procedure. Whereas it
offers excellent long-term results, it is associated with clin-
ically important early and late complications. As the vol-
ume of inpatient bariatric procedures increases, it is
inevitable that patients experiencing these complications
will present to nonbariatric general surgeons. This review
offers a comprehensive evidence-based guide to the care
of patients experiencing complications after LRYGB. A
summary of recommendations is provided in Table 1. It is
hoped that this will allow us to offer the best possible out-
comes to these challenging patients.
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