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Abstract

Obesity is a global pandemic and bariatric surgery is one of the fastest-growing
surgical procedures performed worldwide. Roux-en-Y gastric bypass (RYGB) remains
one of the most commonly performed bariatric procedures, with more than 480,000
procedures performed in 2022. The RYGB is characterized by a small proximal gastric
pouch that is divided and separated from the distal stomach and anastomosed to an
alimentary limb of the small intestine, thus bypassing a large portion of the small
intestine preventing the absorption of nutrients. Small bowel obstruction after gastric
bypass is not uncommon; the internal hernia is the most common etiology followed
by postoperative adhesions, although there are less common causes. Diagnosis can
be challenging due to the altered anatomy of the gastrointestinal tract; CT imaging is
frequently used to establish the diagnosis. Since an internal hernia can be a life-threat-
ening situation, early treatment is critical. The management of internal hernias after
RYGB remains surgical. The urgency of surgical intervention depends on the clinical
condition of the patient. Surgery should be attempted laparoscopically first if possible.

Keywords: bariatric surgery, internal hernia, intestinal obstruction, obesity, gastric
bypass, roux-en-y

1. Introduction

Obesity is a worldwide pandemic, nearly every country in the world is affected
by it and its increased prevalence shows no significant signs of slowing down any
time soon. It is estimated that over 4 billion people may be affected by overweight
and obesity by 2035, compared to over 2.6 billion in 2020 [1]. This reflects an increase
from 38% of the world’s population in 2020 to over 50% by 2035 [2].

The World Health Organization (WHO) defines overweight and obesity as
excessive fat accumulation that may impair health [3]. A broader definition of obesity
would encompass a chronic, systemic, multi-organ, metabolic, and inflammatory
disease expressed phenotypically by an excess of body fat.

Overweight and obesity are well-known risk factors for other diseases like diabetes
mellitus, cardiovascular disease, and several types of cancers [4] including breast,
colon, endometrial, and prostate cancer [5]. Other major comorbidities include degen-
erative joint disease, obstructive sleep apnea, and cholesterol gallstone disease [6],
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all of which have a major bearing on life expectancy, quality of life, and mental health
on an individual level, and detriment in work productivity and healthcare costs at a
population level.

2. Bariatric surgery

Bariatric surgery is a medical specialty dedicated to the surgical treatment of
obesity and its comorbidities. It is one of the fastest-growing operative procedures
performed worldwide, with an estimated >480,000 operations performed by 24
countries in 2022 according to the 8th Global Registry Report of the International
Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) [7].

In 1991, the U.S. National Institutes of Health (NIH) created a Consensus
Conference that established the patient selection criteria for undergoing bariatric
surgery [8]:

e BMI >40 kg/m2
* Or BMI >35 kg/m?2 with comorbidities related to obesity.
* >18 years of age

Thirty years later, in 2022, with evidence of good outcomes, a decrease in morbi-
mortality, improvements in patient safety, and development of laparoscopic tech-
niques, the IFSO wrote major updates to the 1991 guidelines [9]:

* BMI 35 kg/m2 regardless of presence, absence, or severity of comorbidities.
* Metabolic disease and BMI of 30-34.9 kg/m2
* Appropriately selected children and adolescents should be considered for surgery

The physiology of digestion and nutrient absorption must be comprehended
in order to understand the fundamentals of bariatric surgery. As the chime passes
through the duodenum, pancreatic enzymes break down peptides and carbohydrates,
and lipids are degraded by the pancreatic lipase and bile. Those nutrients are absorbed
by the enterocytes and transported to the liver. More than 75% of carbohydrates,
proteins, and fats are normally absorbed within 70 cm of the small intestine [10].

Bariatric malabsorptive procedures divert the flow of bile and pancreatic enzymes
from food, thereby avoiding digestion of nutrients in the most proximal part of the GI
tract where absorption is greater, resulting in reduced caloric intake.

Restrictive procedures, on the other hand, reduce the size or storage capacity of
the stomach to induce satiety with less food, therefore reducing calorie consumption.

Malabsorptive/restrictive (mixed) procedures use both mechanisms: a restrictive
component to initiate rapid weight loss, combined with a malabsorptive component
to ensure long-lasting effects.

According to IFSO [7], the sleeve gastrectomy is the most commonly performed
primary procedure (defined as the first procedure a person with obesity undertakes
as a treatment for their obesity) in the majority of reporting countries, accounting
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for 63.3% of the total number of registered procedures. With 28.8% of procedures,
Roux-en-Y gastric bypass (RYGB) was the second most common primary procedure.
In contrast, Roux-en-Y gastric bypass is the most commonly performed revisional
metabolic bariatric procedure. The revisional procedures are those performed to
change one type of bariatric procedure to another bariatric procedure, most often
secondary to a failure of the primary procedure either due to weight gain, side effects
of the initial procedure, or recurrence of metabolic disorders [11]. Nearly half of the
revisional procedures correspond to RYGB.

3. Roux-en-Y gastric bypass

As discussed above, RYGB is the second most common bariatric procedure per-
formed today and has long been considered the “gold standard” of bariatric surgery.
Although originally performed as an open procedure, it is now almost exclusively
performed using a laparoscopic approach.

It is important for the non-surgical healthcare professional to have a basic under-
standing of the surgical technique involved in creating a gastric bypass, as altering the
gastrointestinal (GI) anatomy can lead to potentially serious complications that may
be life-threatening to the patient.

RYGB is a restrictive-malabsorptive (mixed) procedure that creates a small gastric
pouch that connects directly to the small intestine. Figure 1. This pouch is created by
dividing the stomach into two parts. The first one is the most proximal and receives
up to 30 ml of food, the second is the remaining stomach and does not receive food.
The surgery also involves dividing the small intestine at a distance of 50 to 150 cm
distal to the ligament of Treitz. The division of the small intestine creates two limbs,
the first one is the “biliopancreatic limb” which transports the secretions of the gastric

Figure 1.

Schematic representation of a Roux-en-Y gastric bypass. The gastric pouch is anastomosed to the alimentary
limb. The digestive juices of the remaining stomach and biliopancreatic secvetions ave carried through the
biliopancreatic limb. Note the site where the two limbs join. Swallowed food bypassed a portion of the small
intestine.
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remnant, liver, and pancreas; and the second limb or “alimentary limb” which is anas-
tomosed at one end to the gastric pouch and the biliopancreatic limb at the other end.
The distance between the two anastomoses is generally 75 to 150 cm. The connection
of the biliopancreatic and alimentary limbs forms a common duct where pancreatic
enzymes and bile mix with ingested food.

The surgical technique has two variations depending on the passage of the alimentary
limb. In the retrocolic technique, the limb is passed through a mesocolic window (creat-
ing the Petersen’s defect), whereas in the anterocolic approach, the limb is localized
anterior to the colon. As discussed below, this difference in surgical technique creates
more or less mesenteric defects that may result in a higher incidence of complications.

In summary, RYGB creates a small gastric pouch that restricts food intake and con-
nects it to another distant portion of the intestine, which bypasses a large portion of
the small intestine preventing the absorption of nutrients until they reach the distal
part of the intestine where the “common duct” connects the two limbs.

In addition to promoting weight loss through a restrictive and malabsorptive
mechanism, RYGB induces other physiologic changes in GI hormone secretion,
intestinal bacterial colonization, bile acid metabolism, and epigenetic changes [10].

The restriction of food passage through the duodenum and jejunum in RYGB is
thought to induce changes in postprandial gut hormone secretion [12]. For example,
there is a decrease in the levels of gastrin, a peptide hormone that stimulates the
secretion of gastric acid and aids in gastric motility. The appetite-stimulating hor-
mone ghrelin is also suppressed postoperatively, as is cholecystokinin, which slows
gastric emptying and suppresses hunger.

The vast majority of bile acids are reabsorbed in the terminal ileum and reused by
the liver, forming the “enterohepatic circulation” In patients with RYGB, the bilio-
pancreatic limb shortens the route for bile acids to reach the ileum, resulting in more
active bile acid reabsorption [13]. This increased luminal bile acid concentration has
antibacterial effects, killing certain strains of bacteria and allowing others to sur-
vive, although the contribution of the gut microbiota to the metabolic benefits after
bariatric surgery has not been elucidated [14].

Finally, epigenetic markers are chemical modifications mediated by DNA enzymes
that regulate genomic functions. Several studies have shown DNA methylation in
adipose or muscle tissue after RYGB [15], which may explain the changes in physiol-
ogy and metabolism after bariatric surgery.

4. RYGB complications that produce intestinal obstruction

RYGB is a procedure with a mortality of 0.5% and a morbidity of 7 to 14% [16]. It
is not uncommon for patients to present to the emergency department with abdomi-
nal pain after RYGB, so the general practitioner must be aware of the unique compli-
cations of this type of surgery in order to make a prompt diagnosis and avoid delaying
treatment with potentially fatal consequences.

Small bowel obstruction (SBO) is a common complication of RYGB with a lifetime
incidence of 6 to 9.6 percent [17] and is one of the most feared complications since it
can become a life-threatening situation.

The etiology of SBO has numerous causes which makes differential diagnosis
particularly difficult. Among the diverse etiologies, the most frequent are internal
hernia, postoperative adhesions, anastomotic stricture, incisional hernia, and intus-
susception. 60% of SBO after a RYGB is due to an internal hernia [18].
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4.1 Roux-en-0 misconstruction

One cause of SBO early after surgery (<30 days postoperative) may be the mis-
identification of the alimentary and biliopancreatic limbs during surgery, resulting
in a loop obstruction as the distal jejunum of the biliopancreatic limb is anastomosed
to the gastric pouch. A condition known as “Roux-en-O misconstruction” requires a
second surgical intervention to correct the mistake.

The clinical presentation encompasses abdominal pain, nausea, and bilious
vomiting. It is an extremely difficult diagnosis to make, as radiological modalities may
appear normal.

4.2 Internal hernia

An internal hernia (IH) is the protrusion of the bowel through the mesenteric
defects created by the division of the small bowel to form de biliopancreatic and ali-
mentary limbs or the defect in the mesocolon when a retro colic roux limb technique
is used. The incidence of IH is higher in the laparoscopic technique rather than in the
open approach due to lesser postoperative adhesions.

The IH is the most common long-term complication after Roux-en-Y gastric bypass
with an incidence of 12% without routine closure of the mesenteric defects [19] and
between 0.9% and 4.5% [20] when mesenteric defects are closed with non-absorbable
sutures. It often presents as a late complication (>30 days postoperative) of surgery.

There are three potential spaces for internal hernia formation in an RYGB
depending upon the surgical technique used, as illustrated in Figure 2. When an
antecolic RYGB is performed, only two spaces are created: a mesenteric defect at the
jejuno-jejunostomy (also known as Brolin’s space) and a space between the transverse
mesocolon and Roux limb mesentery (Petersen’s defect). If a retro colic roux limb
technique is used, another space is added: a defect in the transverse mesocolon [21].
The incidences of TH in each space vary among studies.

The clinical presentation of late SBO is variable, ranging from mild digestive
symptoms to acute abdomen. The reducibility of the hernia, the presence or absence
of strangulation, and incarceration all influence the severity of the symptoms.
Abdominal pain is the most common complaint [22], often described as deep, con-
tinuous, and gradual onset, with the majority of patients localizing the pain in the
left upper quadrant of the abdomen. Few patients report changes in bowel frequency.

Figure 2.
Schematic representation of potential sites for internal hernia formation. (A) Defect in the transverse mesocolon,
(B) Petersen’s space, and (C) Brolin’s space.
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Nausea and vomiting are less common, with less than half of patients experiencing
these symptoms [23], due to lack of involvement of the alimentary limb.

Because clinical diagnosis is difficult, imaging studies play an important role in the
evaluation of patients with high clinical suspicion. Abdominal computed tomography
(CT) is the preferred imaging modality for the diagnosis of IH prior to surgery, as its
sensitivity and specificity has been reported to exceed 80% [24]. Traditionally, three
signs have been described [25] with variable diagnostic sensitivity and specificity.
The “swirl sign”, which is considered the best predictor of IH, consists of the twisted
appearance of vessels and fat at the mesenteric root; abnormal clustered loops; and
the “mushroom sign”, which is formed by the herniated mesenteric root in a mush-
room shape with mesenteric vessel stretching.

Other authors have proposed additional signs such as the small bowel (other than
duodenum) posterior to the superior mesenteric artery and right-sided location of the
distal jejunal anastomosis [26], or the “superior mesenteric vein (SMV) beaking” [27]
which consists of decreased caliber of the SMV. Although no sign alone is pathogno-
monic of IH, prompt interpretation of CT may lead to an early diagnosis and prompt
treatment of a potentially serious complication like ischemia, necrosis, or perfora-
tion of the involved intestinal segment. However, diagnostic laparoscopy should be
performed immediately if there is any doubt in the imaging studies or if the patient is
critically ill.

Surgical exploration is recommended for bariatric patients suspected of having
IH. Either open or laparoscopic exploration can be performed, although the latter can
be technically challenging due to bowel dilatation which increases the risk of injury
during trocar placement and also decreased working space.

In both cases, the recommended first step of the procedure is to identify the ileoce-
cal valve and explore the terminal ileum (the common channel) toward the ligament
of Treitz until the jejuno-jejunostomy is reached [28]. The potential mesenteric gap at
the jejuno-jejunostomy is then explored. The biliopancreatic and alimentary limbs are
identified and explored, as well as Petersen’s space and the gap between the trans-
verse mesocolon (in cases where the retrocolic technique was used). All the intestine
trapped within the hernia defect should be carefully reduced with atraumatic forceps
to avoid iatrogenic injury. Once all the herniated bowel has been reduced, it should
be carefully examined to determine perfusion. If perfusion is compromised or frank
necrosis is encountered, resection with primary anastomosis is required [21].

It is very important that all mesenteric defects are carefully examined and closed
with non-absorbable sutures if found open, as there is a 14% risk of recurrence of
IH in the untreated mesenteric gaps [29]. As for the rates of IH in the antecolic vs.
retrocolic technique, the latter have a lower incidence (1.3% vs. 2.3%), since there isa
smaller number of mesenteric defects [30].

Because IH is a relatively common complication of RYGB, a single anastomosis
procedure called open gastric bypass (OAGB) has been developed to reduce the
incidence of IH. The OAGB eliminates the mesenteric defect in Brolin’s space due to
the absence of the jejuno-jejunostomy, although the risk of Petersen’s hernia remains,
with an incidence of IH of 2.8% [31].

4.3 Intussusception

Intussusception after RYGB is a rare late complication of RYGB, with an incidence
ranging from 0.15 to 4.7% [32]. It is thought to originate from motility disorders
in the divided small intestine, secondary to the disruption of the natural intestinal
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pacemakers in the duodenum, and allows for the formation of ectopic pacemakers in
the alimentary limb [33].

Most intussusceptions after RYGB occur at the jejuno-jejunostomy site and are ret-
rograde (antiperistaltic) [34], telescoping the distal bowel segment into the proximal
segment. If left untreated, it may progress to bowel ischemia and wall necrosis.

Clinical presentation includes abdominal pain, constipation, nausea, and vomit-
ing, with or without signs of acute abdomen. The most useful diagnostic tool is the
CT, which shows the classic “target sign” (concentric rings) [35].

Most patients require surgical intervention. If exploration of the jejuno-jejunostomy
reveals ischemic bowel or perforation, bowel resection is mandatory. If the exploration
reveals no complications, it can be treated with a reduction of the bowel segment without
resection, although this approach has a risk of recurrence, so some authors suggest that
the invaginated segment should be resected whether it is viable or not [36].

4.4 Bezoars

A bezoar is a combination of ingested materials that cannot be digested and are
therefore retained in the GI tract. They are classified according to their composition,
with phytobezoars (composed of plant fibers) being the most common type [37]. They
are a rare etiology of bowel obstruction after RYGB, accounting for <1% of cases [38].

Most patients have a history of gastro-duodenal surgery [39] resulting in altered
GI anatomy and/or motility. Bariatric surgery may promote bezoar formation due to
small gastric pouches, decreased gastric motility and acidity, and narrow stomas at
anastomoses [40]. The most common location of bezoars is the stomach, although the
bezoar may migrate to the small or large intestine [41].

Reported sites of intestinal obstruction after RYGB include the gastric pouch, the
gastrojejunostomy, the alimentary or biliopancreatic limb, or, extremely rarely, the
jejuno-jejuno anastomosis [42].

Clinical presentation varies depending on the location of the bezoar but often
includes nausea, vomiting, and/or symptoms of gastric outlet obstruction. If compli-
cated by GI bleeding from ulcer or wall necrosis (secondary to increased intraluminal
pressure), they may present with anemia, bloody stools, or hematemesis [43]. If
perforation is present, the patient will develop signs of acute abdomen.

Diagnosis requires a high index of suspicion. Plain radiographs may show
radiotranslucents, ultrasound can show the presence of an intraluminal mass with a
hyperechoic surface and prominent acoustic shadow, CT can show a round intralumi-
nal mass in the GI tract with retained air bubbles inside, endoscopy is the preferred
method as it allows direct visualization of the bezoar and allows therapeutic applica-
tions [40, 42, 43].

Current treatment options include chemical dissolution of the bezoar (in the
absence of SBO) with Coca-Cola [37] or papain [44], an enzyme extracted from
the Carica papaya plant and used in some meat tenderizing products. Endoscopic
fragmentation and removal are also possible. In the case of SBO or ileus due to bezoar,
surgical removal is indicated via enterotomy [43] or the milking technique, which
consists of pushing the bezoar toward the stomach or through the ileocecal valve, a
technique that is not without complications [45].

Nutritional counseling is essential to prevent bezoar formation and recurrence,
which has a 14% risk of recurrence [46]. Dietary counseling should include eating
small meals, increasing fluid intake, chewing slowly and carefully, and avoiding high-
fiber foods [40].
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4.5 Anastomotic stricture (stenosis)

The stenosis at the gastrojejunostomy after RYGB occurs in up to 27% of
patients [47]. The etiology is multifactorial, proposed mechanisms involved in the
formation of stenosis include stomal ulcer, reflux, ischemia of the suture, or an
inadequate surgical technique (size of circular staple anastomoses, or the initial size
of the anastomosis) [48].

The gastroenterostomy constructed during an RYBG is made deliberately small to
archive the restrictive effect of gastric bypass, with an optimal size between 10 and
12 mm [49]. It has been proposed that clinical manifestations occur when the anasto-
mosis narrows to a diameter of <10 mm [50].

Symptoms include dysphagia, nausea, vomiting, and abdominal pain. Diagnosis is
usually made by endoscopy, which also allows therapeutic treatment with endoscopic
dilatation. To reduce the likelihood of recurrence, many authors advocate the use of
through-the-scope (TTS) balloon catheters and dilatation to at least 15 mm [51]. If no
improvement is achieved after four consecutive endoscopic dilations, surgical revi-
sion with reconstructive surgery may be indicated.

5. Conclusions

Bariatric surgery is growing in popularity worldwide as the prevalence of obesity
increases. As the number of postoperative patients increases, so does the incidence of
postoperative complications.

Postoperative bariatric surgery patients may seek urgent care at any emergency
department, so in order to suspect and make a timely diagnosis, emergency physi-
cians and general surgeons should have a basic knowledge of bariatric procedures and
their potential complications.

Frequently, some of the complications of RYGB manifest as SBO. These include
internal hernia, intussusception, bezoar formation, and anastomotic stenosis. The
altered anatomy of the gastrointestinal tract secondary to the creation of a Roux-en-Y
gastric bypass makes the symptoms very vague and different from classic bowel
obstruction, making the diagnosis challenging. Misdiagnosis could result in inappro-
priate attempts at non-operative management with delays in surgical consultation and
treatment with potentially fatal consequences.
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