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Abstract
Obesity, with its increasing morbidity and prevalence, is now a worldwide public health problem. Obesity and its related
comorbidities impose a heavy burden on societal health and the economy. The practice of bariatric surgery has evolved from its
early surgical procedures, many of which are no longer routine operations. With clinical practice, research, and experience,
bariatric surgery has gradually become an important last resort for the control of weight and obesity-related metabolic diseases in
moderately and severely obese patients. However, there is still room for further improvements in bariatric surgical procedures,
especially with regard to long-term issues and complications. Endoscopic weight loss technology has developed rapidly in recent
years. The advantages of this technology include minimal invasiveness, an obvious weight loss effect, and few complications, thus
filling the gap between medications and lifestyle adjustments and surgical treatment of obesity. Endoscopic weight loss technology
may even replace surgical bariatric procedures. This review summarized the current status of bariatric metabolic surgery and newly
developed bariatric endoscopic procedures.
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control through only diet modification, exercise, and
Introduction

Obesity is a high-risk factor for multisystem diseases such
as diabetes, metabolic syndrome, cardiovascular and
cerebrovascular diseases, cancer, and psychological dis-
eases. These diseases seriously affect the quality of life of
obese patients. Changes in society, the economy, and the
environment have led to tremendous shifts in lifestyle
factors such as dietary habits and physical activity, and
obesity has gradually become a global public health issue
that threatens the physical and mental health of the
world’s population.[1] According to criteria for the
Chinese population, the latest national survey found that
more than half of Chinese adults are overweight or
obese.[2] In recent years, an increasing evidence has
confirmed that weight loss can effectively improve insulin
resistance, abnormal blood lipid metabolism, and physical
function; protect vascular endothelial function; provide
multisystem benefits; improve quality of life; and reduce
the incidence of related complications.[3]
Current clinical guidelines recommend multidisciplinary
obesity treatment, including patient selection, interven-
tion, and long-term follow-up to maintain the effect of
weight loss. However, for many moderately and severely
obese patients, it is difficult to achieve effective weight
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pharmacological therapy due to low long-term adherence
to the treatment regimen. In addition, lost weight is
frequently regained easily. For obese patients who cannot
lose weight satisfactorily through lifestyle adjustment and
pharmacological therapy, bariatric surgery has become
the most effective therapeutic option to achieve excellent
and long-lasting weight loss effects and reduce obesity-
related comorbidities.[3,4]

As an extension of bariatric metabolic surgery, minimally
invasive treatment is a major trend in bariatric treatment
for obese patients. In recent years, minimally invasive
endoscopic bariatric strategies, such as intragastric
balloons (IGBs), endoscopic sleeve gastroplasty (ESG),
and endoscopic duodenal-jejunal bypass liners (EDJBLs),
have provided a new direction for bariatric discipline
development, with the advantages of less trauma, fast
recovery, high cost effectiveness, and fewer complications.
Preliminary clinical studies have confirmed the encourag-
ing weight loss effect of endoscopic treatment, which may
be comparable to that of bariatric surgery, especially when
endoscopic treatment is combinedwithminimally invasive
bariatric procedures.[5-7] This review summarized the
current research status of bariatric surgery and endoscopic
bariatric treatment.
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Bariatric Surgery

In the 1950s, Henriksen in Gothenburg first attempted
surgical treatment of obesity after noticing the significant
weight loss of patients with extensive small bowel
resection.[4] In the following decades, dozens of surgical
bariatric procedures were created to treat obesity, but
various short-term and long-term complications of these
procedures were observed. Therefore, bariatric surgery
has been continuously explored and developed.[3,4] The
trend toward minimally invasive bariatric surgery shows
the evolution and refinement of the discipline. In the early
stages of bariatric surgery development, open surgery was
performed. In the 1990s, the rapid development and
application of laparoscopic technology greatly reduced the
trauma and postoperative complications caused by open
surgery, strongly promoting the development of bariatric
metabolic treatment. In addition, robotic surgical systems
have been rapidly popularized in recent years, providing
advantages such as flexibility and accessibility of the
operating arm, clearer and more realistic surgical field
images, and ergonomic design, all of which extend the
careers of surgeons and improve the accuracy of surgery.
Robotic surgical systems are especially beneficial for
complicated cases, such as revision surgery and bariatric
surgery for superobese patients.[8]

The global number of bariatric metabolic surgeries is
increasingannually. In1997,only40,000bariatricmetabolic
surgerieswereperformedworldwide. In2018, thenumberof
bariatric metabolic surgeries worldwide exceeded 696,191,
whichwasan increaseofmore than17-fold, andalmost all of
these operations (99.3%) were performed under laparosco-
py.[9,10] With the development of surgical experience and
evidence-basedmedicine,Roux-en-Ygastricbypass(RYGB),
sleeve gastrectomy (SG), biliopancreatic diversion and
duodenal switch (BPD/DS), and one anastomosis gastric
bypass (OAGB) have become themost popular and standard
bariatric surgeries in the world.

There is still room for improvement in these existing
standard bariatric surgeries, especially in the face of some
long-term events. As a new medical discipline, bariatric
and metabolic surgery is progressing, with continuous
experience and improvement.
Roux-en-Y gastric bypass

The Roux-en-Y structure used for gastric bypass surgery
was first reported by Griffen et al.[11] The RYGB
procedure is based on gastrojejunostomy, in which a
jejunum-jejunal anastomosis is created, which can signifi-
cantly reduce bile reflux-related problems and the tension
of the gastrojejunal anastomosis. In 1994, Wittgrove
et al[12] first reported laparoscopic RYGB surgery, which
has gradually become one of the gold-standard bariatric
surgical procedures, with remarkable weight loss effects
and few complications. The pathophysiological mecha-
nism underlying RYGB is the reduction of the volume of
stomach, which reduces nutrient absorption and regulates
the endocrine metabolism of the small intestine through
the construction of the alimentary and biliopancreatic
limb. Studies have shown that RYGB results beyond 25–
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35% lasting total body weight loss (TBWL) (or 50–80%
excess weight loss [EWL]) in the short and long terms and
is also very effective in treating type 2 diabetes.[13,14]

However, RYGB has more surgical steps than other types
of bariatric surgeries, leading to a higher incidence of
surgery-related complications. Moreover, the bypassed
portion of stomach cannot be viewed by conventional
gastroscopy; therefore, if cancer occurs after surgery, early
diagnosis is almost impossible. The design of operation
may also lead to marginal ulcers of the gastrojejunal
anastomosis, internal hernia, dumping syndrome, and
postoperative deficiency of trace elements and vita-
mins.[15] Nonetheless, the major weight loss and related
multisystem benefits that RYGB provides to obese patients
have led to the widespread use of RYGB for >40 years.
For a long time, RYGB ranked first globally in the number
of bariatric surgeries performed each year. This status
remained unchanged until the more convenient SG
unexpectedly showed a weight loss effect that was
comparable to that of RYGB and a lower risk of
complications. Currently, RYGB ranks second in the
number of global bariatric surgeries each year, only after
SG. RYGB remains an important alternative for revision
surgery following SG, when weight regain with associated
reflux or an enlarged fundus occurs or other bariatric
surgery results are unsatisfactory.[16]
Although the basic structure and form of RYGB have been
standardized for decades, improvements in details, such as
adjustments to thevolumeandshapeof thegastricpouchand
changes in Roux limb length, continue to be made and are
expected to improve weight loss and reduce adverse
events.[13,17]
Biliopancreatic diversion and duodenal switch

Based on the experience on jejunum-ileum bypass,
Scopinaro et al[18] proposed BPD in 1979. BPD includes
distal gastrectomy and closure of the duodenal stump,
gastroileal anastomosis, and ileoileal anastomosis to
create a 50-cm common channel and a 250-cm alimentary
channel. The weight loss effect of this procedure is
excellent, with an average permanent reduction of 75%
EWL, but there is also a greater probability of compli-
cations such as diarrhea, abdominal distension, anemia,
ulcers, protein malabsorption, dumping syndrome, pe-
ripheral neuropathy, and Wernicke’s encephalopathy.[19]

In 1988, Hess et al[20] developed BPD/DS as a hybrid
procedure between Scopinaro’s BPD and the Roux-en-Y
duodenojejunostomy procedure developed by DeMeester.
BPD/DS includes SG, transection of the duodenum distal
to the pylorus, and creation of an alimentary limb 200–
250 cm long, thereby reducing the problems of anasto-
motic ulcers and dumping syndrome while retaining
excellent weight loss effects.[21] However, technical
complexity and the risk of short-term and long-term
complications limit the application of BPD/DS, especially
in the era of laparoscopy. In addition, this surgery requires
an adequate follow-up plan because the risk of malnutri-
tion is significantly increased compared with other
bariatric surgeries.[22]
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In 2010, single-anastomosis duodenal-ileal bypass with
sleeve gastrectomy (SADI-S) was reported as a simplified
version of BPD/DS.[23] Short-term research results suggest
that there are no significant differences between SADI-S
and BPD/DS in terms of the %EWL (81.20± 3.71% for
BPD/DS; 74.82± 3.45% for SADI-S) and improvement of
obesity-related diseases, malnutrition, and postoperative
complications.

Statistics in recent years have shown that the proportion of
BPD/DS procedures among all bariatric and metabolic
surgeries is gradually decreasing. At present, BPD/DS and
related procedures are more often used in superobese
(BMI≥ 50 kg/m2) patients or in those with inadequate
weight loss after SG in the absence of reflux symptoms, with
maximal%EWLranging from70%to80%at twoyears.[24]
Sleeve gastrectomy

SG was originally conceived as a restrictive component
of BPD/DS in high-risk obese patients with a BMI above
50 kg/m2.However, after undergoing thefirst stage of SGas
the initial surgery before switching to BPD/DS or RYGB in
the second stage, the %EWL of these patients reached at
least 35%,which gave researchers great encouragement.[25]

With the advancement of minimally invasive technologies
and the accumulation of surgical experience, SG eventually
becamethefirstchoicefor thetreatmentofmorbidobesity in
the laparoscopic era. Laparoscopic sleeve gastrectomy
(LSG) creates a sleeve-shaped stomach along the lesser
curvature of the stomach, which leads to weight loss
throughboth restrictive andendocrinemechanisms.A large
numberofprospectiveandretrospective studieshaveshown
that the long-lasting weight loss and efficiency of obesity
comorbidity improvement with LSG are comparable to
those of RYGB.[26-28] Due to its effectiveness, relatively
simple technical procedure, short duration, and low
complication rates, including approximately 1.0% for
margin bleeding, 1.06% for leakage, and 0.35% for
postoperative stenosis, LSG rapidly became the most
popular surgical bariatric operation after it was listed as
an indication for bariatric surgery in 2008.[29,30]

However, the incidences of gastroesophageal reflux and
dysphagia are higher after SG than those after other
procedures, which limits the long-term effects of surgery
and may be severe enough to require revision to gastric
bypass for resolution.Due to the lack of a bypass, SG is also
not perfect in improving obesity comorbidities for patients
with superobesity, and there is a risk of obesity recurrence
and poor postoperative diabetes treatment.[31,32] Studies
have evaluated theadditionof abypassbasedonSG, suchas
SADI-S, duodenal-jejunal bypass with sleeve gastrectomy
(DJB-SG), and single-anastomosis duodenal-jejunal bypass
with sleeve gastrectomy, to enhance the regulatory effect on
obesity metabolism.[33]
One anastomosis gastric bypass

OAGB consists of a single gastrojejunal anastomosis
between a long gastric pouch and a jejunal omega loop
derived from the loop gastric bypass procedure initially
described byMason and Ito[34] in 1967. Later, Rutledge[35]
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andCarbajo et al[36] successivelymodified this procedure to
reduce the occurrence of bile reflux and anastomotic
tension. In thecurrentOAGBprocedure, thegastricpouchis
narrow and long; the position of the anastomosis is low; the
tension of the anastomosis is low; the left gastric vascular
arch of the gastric pouch is fully preserved; and the blood
supply of the anastomosis is rich. Therefore, theoretically,
the incidence of anastomosis-related complications in the
OAGB perioperative period should be lower than that of
RYGB. In terms of the operation itself, OAGB can be
regarded as a simplified version ofRYGB,with significantly
lowered operation difficulty and a significantly shorter
learning curve and operation time.[37,38]

There is a long-standing controversy about the weight loss
benefits of OAGB and possible complications such as bile
reflux and marginal ulcers. It is speculated that the different
conclusions are related to differences in the length of the
biliopancreatic limb, multidisciplinary participation in
weight loss management, and insufficient sample size. Based
on years of clinical practice experience, in March 2018, the
International Federation for the Surgery of Obesity and
Metabolic Disorders (IFSO) officially recommended OAGB
as a standard weight loss metabolic surgery.[39]

A recent study included 1075 patients who regained
weight after initial bariatric surgery, such as LAGB, SG,
and gastric plication, underwent OAGB as a revision
surgery. The %EWL was 65.2%, 68.5%, and 71.6% at 1
year, 2 years, and 5 years after revision surgery,
respectively. In addition to greatly improving type 2
diabetes and hypertension, the number of complications
that occurred following OAGB as revision surgery was
very low. The mean leak rate was 1.54%, the marginal
ulcer rate was 2.44%; the anemia rate was 1.9%; and
mortality was 0.3%.[40] In addition to being an effective
option for primary bariatric surgery, OAGB achieves good
effects as a revision option following other surgical
procedures. Nevertheless, because of the higher rate of
long-term complications compared with RYGB and SG,
OAGB is currently not a routine first choice for many
surgeons. However, the choice of bariatric procedure may
be related to the medical background and clinical
experience of the doctor. A recent survey showed that
OAGB is the second most popular weight loss surgery
after SG in India.[33]
Endoscopic Bariatric Techniques

Inspired by the clinical weight loss results caused by the
reduced gastric volume in patients with gastroliths,
Nieben and Harboe[41] first reported the results of an
endoscopic IGB procedure in 1982, which opened the
door to endoscopic bariatric treatment strategies. The
pathophysiological mechanisms underlying endoscopic
bariatric techniques are mostly similar to those of surgical
bariatric procedures and mainly include limiting gastric
capacity, reducing nutrient absorption, and promoting the
non-absorbed discharge of gastric contents. Compared
with bariatric surgery, endoscopic bariatric surgery is a
more recently developed treatment option. Except for
IGBs, most of the clinical practice experience with
endoscopic bariatric strategies is far inferior to that of
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surgical operations in terms of time and scale, and the
long-term effects of these techniques onmetabolic changes
remain to be studied.

At present, the most widely practiced endoscopic bariatric
strategies are IGBs, ESG, and EDJBLs [Figure 1]. These
methodologies provide a useful treatment alternative for
obese patients in whom medications or lifestyle changes
have proved unable to achieve long-lasting weight loss,
especially when these patients are unwilling to undergo
bariatric surgery or fail to meet the criteria for bariatric
surgery. The preliminary clinical research results on
endoscopic bariatric procedures are encouraging, with
little trauma, reversibility, fast recovery, cost-effective-
ness, and effective weight loss. Endoscopic bariatric
procedures are expected to fill the gap between conserva-
tive treatment and surgical bariatric procedures.[42]

Recent studies suggest that when combined with drug
treatment, endoscopic bariatric procedures can achieve
effects similar to those of surgical procedures.[5]
Intragastric balloons

The design of an IGB allows the balloon to be sent into
the stomach via gastroscopy or swallowed by the
patient. IGBs can be filled with liquid or gas to reduce
the effective volume of the stomach, thereby lowering the
threshold for inducing a feeling of fullness after eating,
stimulating gastric chemical and motor receptors, regu-
lating levels of ghrelin and other related hormones,
reducing food intake, and delaying stomach emptying to
achieve the goal of weight loss. Early IGBs were small and
had poor elasticity, resulting in less than ideal weight loss
effects, a large number of complications, and their
removal from the market.[43]

Continuous improvement and innovation of the technol-
ogy and materials have facilitated the IGB procedure and
made it safer for practical clinical applications. A meta-
analysis of 5668 obese patients treated with IGBs showed
that the IGB procedure can effectively improve diabetes
indicators and abnormal blood lipid metabolism.[44]

Three types of IGBs are approved by the USA Food and
Drug Administration (FDA) and European Certification
Group for the treatment of obesity: the Orbera balloon
Figure 1: The three most widely practiced endoscopic bariatric strategies in the world.
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(Apollo Endosurgery, Inc., Austin, TX, USA), the ReShape
Duo balloon (ReShape Medical, Inc., San Clemente, CA,
USA), and the Obalon capsule balloon (Obalon Thera-
peutics, Inc., Carlsbad, CA, USA).[45]
Orbera balloon

The Orbera balloon is the most widely and longest used
IGB. The Orbera balloon is made of silicone material and
is delivered to and removed from the gastric cavity using a
gastroscope. The inside of the balloon is connected to the
catheter through a one-way valve, and approximately
400–750 mL of methylene blue and physiological saline
mixture is injected to expand the balloon into a spherical
shape so that it occupies the stomach space. If the balloon
leaks or ruptures, methylene blue is excreted from the
body through the urinary system, turning the urine blue
and revealing the problem in a timely manner. Consider-
ing the texture and safety of the material, the placement
time of the IGB is generally not >6 months.

A meta-analysis of 1683 patients who underwent an
Orbera balloon implantation procedure to lose weight
showed that the %TBWL at 3 months, 6 months, and 12
months after IGB implantation was 12.3%, 13.16%, and
11.27%, respectively, showing a significant weight loss
effect.[46] The most common adverse reactions after IGB
placement were pain (33.7%), nausea (29.0%), gastro-
esophageal reflux disease (18.3%), and gastric mucosal
erosion (12.0%). Inmost patients, proton pump inhibitors
and symptomatic treatment improved these adverse
reactions and allowed the patient to gradually tolerate
the IGB. However, approximately 7.5% of patients still
needed to undergo premature balloon removal because
they could not tolerate the balloon. Severe complications,
including gastric ulcers (2.0%), balloon displacement
(1.4%), small bowel obstruction (0.3%), perforation
(0.1%), and death (0.08%), were rare, and among these
complications, perforations only occurred in patients with
a history of gastric surgery. All deaths (four patients) were
secondary to perforation or aspiration. Therefore, for
patients who are planning to undergo gastroscopic
bariatric treatment, individualized and detailed risk
assessments are necessary.[7]
Reshape duo balloon

The ReShape Duo balloon is a two-balloon device that is
placed and retrieved through a gastroscope; the two
balloons are connected by a soft silicone rod in the middle.
Each balloon is filled with 450mL of a methylene blue and
physiological saline mixture, and after 6 months in the
stomach, the device is removed with a gastroscope. If one
of the balloons leaks or ruptures, the methylene blue will
change the color of urine, and the leaking balloon can be
removed while the other balloon can be retained to
prevent device displacement. The two-balloon design
prevents premature failure of the device, better conforms
to the curvature of the human stomach, and improves
patient tolerance.[47]

The ReShape Duo two-balloon device significantly
reduces the incidence of serious adverse events such as
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displacement, obstruction, and perforation compared
with the Orbera balloon device, but the incidence of
common postoperative adverse reactions such as abdomi-
nal pain, nausea, vomiting, gastroesophageal reflux
disease, gastric ulcer, and mucosal erosion is still relatively
high.[7]
Obalon balloon

The Obalon balloon device consists of a capsule and a
catheter. The capsule contains folded and compressed
balloons, each with a capacity of approximately 250 mL,
and is swallowed directly into the stomach. Gas is then
injected into the balloons under X-ray observation.
According to the patient’s tolerance, three balloons are
swallowed at once or individually and removed by
gastroscopy within 6 months. Obalon balloons are small
in size, independent of each other, and contain gas, which,
compared with liquid-filled balloons, reduces irritation to
the patient, improves safety, and is more advantageous for
adolescent obese patients.[45,48] Common adverse reac-
tions are similar to those of other balloon devices, mainly
nausea and mild abdominal pain, and serious adverse
events are rare. However, leaking occurs more easily with
gas-filled balloons than with liquid-filled balloons, and
leaking balloons must be removed by gastroscopy, which
is a disadvantage of the Obalon balloon.

In addition to the previous three classic IGB devices, many
balloon devices are in development with the aim of
reducing complications while improving the efficiency of
weight loss. These devices have not been certified by the US
FDA or European Certification Group, and their clinical
applications are still limited.[45,49] IGB procedures are
minimally invasive and simple to perform, but similar to
surgical bariatric surgery, there is no perfect procedure;
therefore, research is ongoing.

For many obese patients, IGB procedures are a low-cost
opportunity to cultivate good diet and exercise habits
during the period of IGB placement, thus providing a basis
for other weight loss strategies to be successful. However,
the time of IGB placement to assist patients with weight
loss is generally <6 months. After the balloon is removed,
a considerable number of patients regain weight. Of
course, due to the minimally invasive nature of the IGB
procedure itself, IGB insertion can be repeated if the
patient is willing to pay for the procedure.
Endoscopic sleeve gastroplasty

ESG is a minimally invasive and incisionless procedure for
bariatric treatment. Since the use of ESGwas first reported
in 2013,[50] an increasing number of clinical results have
confirmed its effectiveness and durability for weight loss in
obese patients.[51] In ESG, the Overstitch system (Apollo
Endosurgery, Inc.) is typically used to make a series of
intermittent or continuous full-thickness sutures in the
stomach from the antrum to the cardia to reduce
the gastric cavity by creating more gastric folds.
The procedure is named after the postoperative shape
of the stomach, which resembles that with surgical SG. To
further improve or maintain the effect of weight loss, ESG
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can be repeated if necessary or performed as an effective
revision for surgical weight loss surgery.[52,53] Other than
the control of caloric intake, the pathophysiological
mechanisms of ESG still need to be further explored.[54] A
meta-analysis of 1859 obese patients who underwent ESG
showed that at 6 months, 12 months, and 24 months after
surgery, the average %TWL was 14.86%, 16.43%, and
20.01%, respectively, and the average %EWL was
55.75%, 61.84%, and 60.40%, respectively.[55] The
incidence of pooled serious adverse events was 2.26%,
mainly gastrointestinal bleeding and perigastric effusion,
which accounted for 1%, and no procedure-related
mortality was reported.

In the <10 years since the use of ESG was first reported,
the effectiveness, safety, and durability of ESG for weight
loss have attracted the attention of researchers. Recent
research shows that, compared with dietary exercise
adjustment and IGB procedures, the weight loss effect of
ESG is more obvious and longer lasting.[56,57] Compared
with surgical bariatric procedures such as LSG, ESG has
a slightly lower weight loss effect but is safer and more
cost-effective.[58,59] Moreover, compared with LAGB, the
%TWL of ESG is higher and longer lasting, with fewer
complications.[6]

Recently, the results of a prospective study cohort with a
5-year follow-up after ESG (currently the longest
follow-up after ESG) were reported.[60] This study
included 216 obese patients. The average %TWL was
15.6%, 14.9%, and 15.9% at 1 year, 3 years, and 5
years after surgery, respectively. In addition, 90% and
61% of obese patients maintained >5% and 10% TWL,
respectively, at 5 years after the procedure. However,
due to the complicated control of ESG equipment and
higher skill requirements for endoscopy, many endo-
scopists worry that the learning curve is too long and are
hesitant to perform ESG, which may affect the further
promotion of ESG.

To further improve the effectiveness and safety of ESG,
researchers are continuing to explore different aspects of
the procedure, such as simplifying surgical methods,
improving the strength of sutures, and combining other
treatments.[61-63] A study published in 2020 demonstrated
that treatment with ESG combined with liraglutide greatly
improved the effect of weight loss under the premise of
ensuring safety.[5] Although the research and development
history of ESG are still short, a number of studies have
shown the great potential of this procedure for weight
reduction.
Endoscopic duodenal-jejunal bypass liners (EndoBarrier)

The EndoBarrier (GI Dynamics, Inc., Lexington, MA,
USA) is a duodenojejunal bypass liner that extends a 60
cm tubular mantle from the bulb of the duodenum to the
upper end of the jejunum. In addition to preventing chyme
from contacting the small intestine and reducing digestion
and absorption, this liner speeds up the passage of food
through the proximal small intestine and inhibits the
secretion of hormones related to insulin resistance, thus
leading to a weight loss effect.
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A multicenter randomized controlled trial involving 77
patients indicated that the %EWL of the experimental
group and the diet control group were 32.0% and
16.4%, respectively, and the blood glucose control effect
was satisfactory at 6 months after surgery.[64] This
procedure improves type 2 diabetes and dyslipidemia
more effectively than reducing weight, suggesting that it
may be a better choice for patients with type 2 diabetes
with mild to moderate obesity. However, this device has
the risk of displacement and intestinal obstruction after
placement. In addition, possible complications include
hepatic abscess, upper gastrointestinal bleeding, chol-
angitis, and pancreatitis, and a small number of patients
even have intolerable pain and need to have the device
removed. A recent multicenter double-blind clinical trial
(ENDOMETAB) was terminated early due to a higher-
than-expected incidence of hepatic abscess-related ad-
verse events, and related clinical studies were also
halted.[65]

This procedure is still in the preliminary development and
practice stage in China and abroad, and further
optimization of the device to reduce adverse reactions
(such as hepatic abscesses, device displacement, and
abdominal pain) may be the greatest obstacle that needs
to be overcome.
Other endoscopic techniques in research

Other gastroplasty methods include transoral gastro-
plasty, the transoral endoscopic restrictive implant system,
ACE stapler, and primary obesity surgery endoluminal
(POSE). However, these methods are limited by poor
operability, unsatisfactory results, and a high risk of
complications, and have gradually been replaced by ESG
in recent years.

Endoscopic intragastric botulinum toxin-A and gastric
electrical stimulation (GES) are currently under prelimi-
nary exploration as new endoscopic bariatric strategies
designed to affect gastric emptying. Preliminary results
suggest that these strategies are conducive to weight
control, but their detailed parameters, effectiveness, and
complications need to be evaluated and confirmed in
further studies.[66,67]

Duodenal mucosal resurfacing (Fractyl Laboratories,
Inc., Lexington, MA, USA) is a recent innovative
technique based on the EDJBL technique for the
treatment of type 2 diabetes under endoscopy. The
principle of duodenal mucosal resurfacing is to insert a
miniature balloon catheter into the duodenum with an
endoscope and then inject hot water into the catheter to
ablate the duodenal surface mucosa.[68] Although recent
research on this technology shows that its safety is
acceptable, the duration of its effect on type 2 diabetes
and weight improvement needs to be verified by long-
term clinical studies.[7]

The Endoluminal Bypass (ValenTx, Inc., Carpinteria, CA,
USA) technique is similar to that of the EndoBarrier. The
Endoluminal Bypass device has a 120 cm liner that mimics
the pathophysiological effect of RYGB. This device is still
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in the small-scale preliminary exploration stage, and its
clinical effect is not clear.[7]

Transoral outlet reduction has been applied to some
patients who experienced weight regain after a surgical
procedure, and compensatory dilation of the gastric cavity
was observed under endoscopy. Studies of the use of the
Overstitch system to shrink and suture the outflow tract to
safely and effectively reduce weight gain are ongoing.[7,69]

Some researchers have also attempted endoscopic sclero-
therapy and radiofrequency treatment on the expanded
outflow tract to reduce anastomosis and improve
compliance to achieve weight control.[70,71]
For Adolescents

In the past few decades, the prevalence of childhood
obesity, which is also often difficult to control solely by
diet and exercise, has risen sharply. For obese children,
there are hidden risks for rapid weight gain as adults. For
obese people who have been obese since childhood,
obesity-related comorbidities such as cardiovascular and
cerebrovascular diseases and diabetes have more extensive
and severe effects. An increasing number of studies
continue to support the benefits of early intervention
for severely obese adolescents.[72,73] Compared with
adults, the weight loss effects of adolescents undergoing
bariatric surgery are similar, with fewer complications and
greater safety. However, long-term deficiencies in
nutrients such as iron, vitamin B12, vitamin D, and
vitamin B1 are potential problems that may affect the
growth and development of adolescents.[73]

Due to the special growth and development status of
adolescents, consensus has not been reached on bariatric
surgery, and there are relatively few high-quality research
studies.[74] Currently, the most widely used surgical
bariatric procedures for children, adolescents, and adults
are SG and RYGB. Compared with RYGB, SG is simpler,
and the risk of nutrient deficiency is lower, and so the
advantages are more obvious.[75] Due to the higher
incidence of complications, BPD-DS and AGB have
gradually been withdrawn from mainstream use in recent
years and are currently not recommended for weight loss
in young people.[72] For adolescents, a minimally invasive
and reversible endoscopic bariatric strategymay be amore
worthwhile option than RYGB or SG. Preliminary
research suggests that IGBs and ESG have not only good
effects in obese adolescents but also lower incidences of
adverse reactions and smaller impacts on future growth
and development.[76,77]
Conclusion

The treatment of obesity through bariatric surgical
procedures has gradually progressed from open surgery
to minimally invasive and refined procedures. Although
there is still no perfect bariatric metabolic surgical
procedure, these procedures, including endoscopic pro-
cedures, are continuously progressing and improving.
Further advances will improve opportunities for obese
patients to lose weight and to prevent and treat obesity
multisystem comorbidities, which will also greatly reduce
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the pressure on national health and economic systems
caused by obesity and obesity-related comorbidities.
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