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sity was reported over the past three decades. 
A recent global systematic analysis stated 
that the proportion of adults with a BMI of 
25 or greater increased from 28.8% in 1980 
to 36.9% in 2013 for men, and from 29.8% to 
38.0% for women.4 These trends are similar 
in developed and developing countries, and 
among children and adolescents. The declara-
tion of the WHO members to halt the rise in 
obesity by 2025 shows of a great ambition,5 
and should be embedded in a visionary health 
care system, with attention for preventive 
measures on societal level, and lowering the 
threshold for therapeutic interventions for the 
individual, whether a conservative or invasive 
treatment is applicable. Bariatric surgery has 
demonstrated to be the most effective and du-

Worldwide, the prevalence of obesity has 
risen dramatically over the past de-

cades. On society level, the health care system 
is burdened heavily with this problem, since 
obesity is associated with increased rates of 
non-communicable diseases, such as hyper-
tension, diabetes mellitus type 2, coronary 
heart disease, stroke, dyslipidemia, cancer, 
psychological problems and eventually mor-
tality.1 Projections for the near future suggest 
that the trends in obesity will lead to declines 
in life expectancy.2 The World Health Organi-
zation (WHO) signalized already in 2000 the 
trends in the global epidemic of obesity, and 
developed prevention and management strat-
egies.3 So far no country was found where a 
decrease in prevalence of overweight or obe-
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reported, including gastric mucosal damage 
and small bowel obstruction after balloon 
migration, necessitating surgical interven-
tion. After withdrawal from the market, the 
Orbera intragastric balloon was launched 
(Apollo Endosurgery, Austin, TX, USA). 
This endoscopically placed silicone balloon 
can be filled with 450 to 700 mL saline and 
methylene blue dye to ensure early detection 
of leakage, by changing the color of the urine. 
Normally, after 6 months the balloon has to 
be endoscopically removed. The Heliosphere 
BAG (Helioscopie, Vienne, France) is a simi-
lar balloon system, to be filled with 950 mL 
of air, instead of fluid.

The ReShape Duo (ReShape Medical, San 
Clemente, CA, USA) is a combination of 2 
independent balloon systems, which can be 
filled with 450 mL saline and methylene blue 
per balloon during an endoscopy session. An 
extraction after 6 months is also recommend-
ed.

The Spatz Adjustable Balloon System 
(Spatz Medical, Great Neck, NY, USA) is a 
special variant, allowing endoscopic adjust-
ment of the instilled volume of saline. It is 
approved for 12 months of implantation.

To skip the endoscopic placement of a bal-
loon, the Obalon gastric balloon was devel-
oped (Obalon Therapeutics Inc, Carlsbad, 
CA, USA). A large gelatin capsule contains 
a balloon, with a thin catheter to a self-seal-
ing valve. After swallowing the capsule, the 
balloon will be freed in the stomach, and 
the catheter will allow the inflation of gas. 
Maximally 3 capsules can be ingested, and 
all balloons must be endoscopically removed 
after 12 weeks. The Elipse balloon (Allurion 
Technologies, Wellesley, MA, USA) was not 
only developed to be ingested without the 
need for endoscopic placement, retraction is 
not necessary. This balloon is also placed in a 
capsule, which will be digested in the stom-
ach, and the balloon will be filled with 550 
mL of saline through a catheter. After a cer-
tain period of months, the balloon will empty 
and spontaneously be excreted through the 
bowel.

To specifically delay gastric emptying, the 

rable treatment option in the morbidly obese 
patient.6 Despite its evidence based efficacy, 
less than 1% of obese patients will apply for 
surgery.7 The reasons for this are divers, in-
cluding hospitalization costs, patient reluc-
tance, access to health care, surgical morbid-
ity or mortality risk. The role of less-invasive 
therapies and innovative devices can be situ-
ated in the gap between solely lifestyle modi-
fication and surgery for the obese patient, in 
the preoperative work-up of the super-obese 
patient, in patient groups that are currently 
excluded for surgery, such as children and 
adolescents, and in the treatment of obesity as 
a chronic disease, for instance failed bariatric 
surgery. This review will focus on emerging 
technologies and new devices for the bariatric 
patient, which are currently used in clinical 
practice or in an development stage. Having 
more safe and reliable treatment options, and 
improving the outcome of bariatric surgery as 
an entity is the final goal to fight the obesity 
pandemic.

Inducing stretch on the gastric wall

One of the most frequent used strategies in 
weight loss surgery is increasing the restric-
tion capacities at the level of the stomach, 
such as placing the laparoscopic adjustable 
band, the sleeve gastrectomy or the accom-
plishing of a small gastric pouch in the Roux-
en-Y gastric bypass (RYGB). The induction 
of early satiety and the stretch on the small 
gastric reservoir alters gastric emptying and 
induces orexigenic hormones.8 This principle 
forms the base of the intragastric restrictive 
devices.

Space occupying devices

In 1985, the first endoscopically placed 
intragastric balloon for the treatment of obe-
sity was introduced with the Garren-Edwards 
gastric bubble. Unfortunately, this balloon 
failed to demonstrate efficacy in a prospec-
tive, double-blind, randomized trial, fol-
lowing 59 obese patients over a 9-month 
period.9 Also, serious adverse events were 
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profile.10 Almost all study protocols combine 
Orbera balloon therapy with lifestyle modifi-
cation or pharmacotherapy. Decreases were 
also noted in the incidence of comorbidities, 
such as type 2 diabetes mellitus, hypertri-
glyceridemia, hypercholesterolemia, hyper-
tension, osteoarthropathy, obstructive sleep 
apnea, and nonalcoholic steatohepatitis after 
6 to 18 months, even up to 3 years after the 
Orbera balloon insertion.11-14

The role of the Orbera balloon as bridge 
therapy to bariatric surgery has carefully 
been examined in super-obese patients. A de-
creased operative time, fewer intraoperative 
adverse events, and shorter hospital stay were 
reported in 2 matched case-control studies15-16 
although others notice no additional advan-
tage compared with a preoperative profes-
sional weight loss program17.

In a review of 8500 patients, pain and nau-
sea are frequently described adverse effects 
after Orbera balloon implantation (33.7%), for 
which medical treatment can be prescribed. 
18.3% of patients report GERD, and 12% suf-
fer from gastric erosion. Early removal of the 
balloon was necessary in 7.5% of the patients. 
Balloon migration was reported in 1.4% of 
cases with small bowel obstruction in 0.3%, 
and gastric perforation in 0.1% of the subjects 
(mostly after previous gastric surgery).18 A 
nonrandomized study comparing the Helio-
sphere BAG (N.=13) with the Orbera balloon 
(N.=19), revealed better weight loss results in 
the Orbera balloon group, but one mortality in 
the Orbera group 13 days after placement.19 
Balloon extraction was reported to be more 
difficult in the Heliosphere BAG patients.

The efficacy concerning weight loss of the 
ReShape Integrated Balloon System was in-
vestigated in the REDUCE pivotal trial with 
326 obese patients randomized in the balloon 
group, or in the sham endoscopy group. Both 
groups were supported with dietary measures 
and exercise program during a period of three 
months, in which a 27.9% EWL was seen in 
the balloon group, and 11.3% EWL in the con-
trol population. Complications included bal-
loon deflation (6%) without migration, early 
retrieval for nonulcer intolerance (9%), and 

TransPyloric Shuttle (BAROnova Inc., Go-
leta, CA, USA) was designed. This system 
contains two bulbs, of which the larger one 
will prevent migration through the pylorus, 
and the smaller connected bulb will advance 
into the pylorus and the duodenum. Each peri-
staltic movement of the stomach will seal the 
pylorus, slowing down gastric emptying, and 
inducing early and prolonged satiety.

The space-occupying capacities of a bal-
loon, can be mimicked with a pill containing 
hydrogel particles that are released from the 
Gelesis100 capsule (Gelesis, Boston, MA, 
USA). These particles will expand in the 
stomach by absorbing water and enhancing 
satiety through the volume effect. Prelimi-
nary results show that Gelesis100 is expected 
to reduce weight with 4.5% over 3 months 
combined with dietary measures, according 
to information on the producer’s website. 
Unpleasant side-effects described in patients 
were bloating, flatulence, abdominal pain, 
and diarrhea correlating with the dose of the 
product.

Pressure on the gastric cardia can induce 
satiety, and this can be also mimicked with the 
Full Sense Device (BFKW LLC, Grand Rap-
ids, MI, USA). This modified covered gastro-
esophageal stent has a cylindrical esophageal 
component and a gastric disk which can be 
placed and removed endoscopically.

Early satiety can also be induced by slow-
ing down the duodenal transit -altering the 
satiety hormone levels- through placing the 
SatiSphere (Endosphere, Columbus, OH, 
USA) which is a memory wire covered by 
several mesh spheres, into the distal stomach 
and duodenum.

Results

Different studies report on the safety and ef-
ficacy of all intragastric restriction devices. In 
a meta-analysis of 1683 patients, the % exces-
sive weight loss (%EWL) with the Obera bal-
loon at 12 months was 25.44%, with a mean 
difference in %EWL over controls of 26.9% 
(P≤0.01) and ≤5% incidence of serious ad-
verse events, which was an acceptable safety 
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along the lesser curvature and uses vacuum to 
position the gastric wall. A similar type of sta-
pler device is the ACE stapler (Boston Scien-
tific Corporation, Natick, MD, USA) to place 
8 plications in the fundus, and 2 in the antrum.

Endolumenal gastric plication instead of 
the sleeve gastroplasty, can be accomplished 
with the Primary Obesity Surgery Endolume-
nal (POSE; USGI Medical, San Clemente, 
CA, USA) platform to place transmural tissue 
anchor 8 to 10 plications in the gastric fundus 
and in parts of the distal gastric body.

Unlike the previously mentioned proce-
dures, gastric restriction can also be obtained 
by implanting a diaphragm in the resized 
stomach. Implantation of the Transoral En-
doscopic Restrictive Implant System (TERIS; 
Barosense, Menlo Park, CA, USA) is a re-
strictive intervention making a small gastric 
pouch by placing 5 anchors in the plicated 
stomach wall, and attaching this diaphragm 
to it.

Results

The feasibility and safety of the gastric su-
turing techniques are under review in differ-
ent ongoing prospective trials. So far, 2 small 
studies with 20 and 10 obese patients evalu-
ated the ESG intervention, and reported a % 
EWL of 30 and 40% at 6 months, respective-
ly.25, 26 Another study at the Mayo clinic fol-
lowed 25 patients undergoing the ESG, with 
reported 53%, 56%, 54%, and 45% of EWL 
after 6, 9, 12, and 20 months respectively.27 
Three patients had serious adverse events (a 
perigastric inflammatory collection, a pulmo-
nary embolism, and a small pneumothorax), 
but made full recoveries.

A study of transoral gastroplasty in 64 pa-
tients using the EndoCinch device reported a 
58.1% EWL after 1 year, and no serious ad-
verse events.28 Moreover, in 21 adolescents 
(age 13-17) with an average BMI of 36.2 kg/
m², a decrease of the excessive weight was 
seen towards 67.3% EWL after 1 year and 
61.5% EWL after 1.5 year.29 After the modi-
fication towards the RESTORe, a two-center 
trial was set up including 18 patients. No sig-

gastric ulcers and erosions (35%) positively 
evolving after device adjustment (10%).20 
Serious adverse events were observed: one 
esophageal mucosal tear, one contained cer-
vical esophageal perforation and one post-
retrieval aspiration pneumonitis.

Evidence about other intragastric balloons 
is poor. Two non-controlled studies evaluated 
the effect of the Spatz Adjustable Balloon sys-
tem in 94 patients, where % EWL at 1 year 
was reported to be 46%.21, 22 The TransPyloric 
Shuttle was also tested for 3 or 6 months in a 
small non-controlled trial,23 including 20 pa-
tients with BMI 36.0 kg/m². Three-month pa-
tients ended up with 25.1% EWL, and 6-month 
patients with 41.0% EWL. Early device re-
moval was necessary in 2 patients caused by 
gastric ulceration.

Results of the SatiSphere in 21 patients 
were compared to 10 control patients, show-
ing 6.7 kg weight loss in the SatiSphere group 
versus 2.2 kg weight loss after 3 months in the 
controls.24 In 10 individuals, a device migra-
tion was observed, and in 2 patients emergent 
surgery was necessary.

Endoscopic gastric suturing devices

The endoscopic sleeve gastroplasty (ESG) 
is a gastric volume reduction therapy in which 
8 to 14 endoluminally placed full-thickness 
sutures are placed starting from the prepy-
loric region to the gastroesophageal junction 
with the OverStitch suturing device (Apollo, 
Endosurgery, Austin, TX, USA), apposition-
ing the anterior and posterior gastric wall but 
without performing a plication. Similarly, the 
EndoCinch and RESTORe device (Davol, 
Murray Hill, NJ, USA) are a superficial- and 
full-thickness endoscopic suturing system re-
spectively, which use suction to position tis-
sue in a hollow capsule, and then suture the 
tissue with a needle going through the cap-
sule.

To perform a transoral gastroplasty with 
staplers, the TOGA or TransOral GAstroplas-
ty device (Satiety Inc, Palo Alto, CA, USA) 
can be used. This flexible endoscopic stapler 
is capable of full-thickness tissue apposition 
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more favorable results after 6 months, with 
an average weight loss of 10.6 kg in treated 
patients.40 Revision of the gastric bypass with 
full-thickness stitches showed 20.0% EWL at 
2 years, and 19.2% EWL at 3 years.41

The POSE was specifically adapted for 
revision of gastric bypass, called ROSE (Re-
vision Obesity Surgery Endolumenal). This 
allows plication of the gastric pouch or the 
gastrojejunostomy, and was successfully ap-
plied to 97% of cases without having seri-
ous procedural complications in 116 patients 
investigated in a multicenter trial.42 When 
gastrojejunal aperture decreased to 10 mm, 
patients experienced a 24% EWL after 6 
months.

StomaphyX is a similar full-thickness 
plication platform (EndoGastric Solutions, 
Redmond, WA, USA), and was investigated 
in different studies proving to be safe and 
feasible, and revealing a 11.5% EWL after 6 
months and 19.5% EWL after 12 months.43, 44 
A randomized controlled trial of StomaphyX 
versus sham procedure for revision of failed 
gastric bypass, led to early termination of the 
study as the primary endpoint, which was 
decrease of the pre-RYGB excess weight by 
15% or more excess BMI within one year, 
was not met in more than 50% of the enclosed 
subjects.45 Handling pouch dilation in failed 
VBG, showed to be safer with endolumenal 
pouch reduction with Stomaphyx compared 
to revision of gastric bypass, but less effec-
tive in terms of weight results.46

Vagal neuromodulation

Vagal nerve signaling has been linked to 
the delay in gastric emptying and experiences 
of hunger and satiety, and is thought to have 
a role in energy metabolism and upper gas-
trointestinal tract function. The vBloc neu-
rometabolic therapy (EnteroMedics, St Paul, 
MN, USA) is delivered by a pacemaker-like 
device called the Maestro Rechargeable Sys-
tem. This laparoscopically implanted device 
delivers high frequency, low energy electrical 
impulses to the vagal nerve, on the anterior 
and posterior side of the stomach.

nificant complications were noted, and 1-year 
% EWL was 27.7%.30 Unfortunately, follow-
up endoscopy showed partial or complete re-
lease of the plication in 13 patients.

TOGA was studied in 21 patients (mean 
BMI 43.3 kg/m²) and showed no serious ad-
verse events, an average of 24.4% EWL after 
6 months, but staple line gaps in 13 patients 
during follow-up31. A multicenter study of 67 
patients reported 41.3 to 52.2% EWL after 
one year and improvements in hyperlipidemia 
and glycemic regulation,32 while a smaller se-
ries of 29 patients showed 14.9% total body 
weight loss.33

Early results of 17 patients undergoing an 
endoscopic gastroplasty with the ACE stapler, 
showed self-limiting nausea and vomiting af-
ter the procedure, a 34.9% EWL and 6-9 pli-
cations on endoscopic control after one year.34

A prospective trial including 45 obese pa-
tients after the POSE procedure, revealed 
49.4% EWL at 6 months.35 Long-term follow-
up of 147 patients up to 1 year after the POSE 
procedure, showed a sustained % EWL of 
44.9% 36 and an improved glucose homeosta-
sis with positive influences on satiation pep-
tides (ghrelin, PYY).37

A small pioneer study including 13 patients 
with TERIS described %EWL of 22.2% af-
ter 3 months, one gastric perforation, and two 
cases of pneumoperitoneum.38

Besides the utility of using endoscopic su-
turing or plication devices as primary solu-
tion in obese subjects, they were considered 
as an attractive option for reinterventions on 
failed bariatric procedures. Gastrogastric fis-
tulas could be closed, or a voluminous gastric 
pouch or an increased diameter of a gastroje-
junostomy in a failed gastric bypass could be 
treated with endoscopic revision devices. The 
effectiveness of EndoCinch for performing a 
TORe (transoral outlet reduction) in revision 
of a gastric bypass was recently investigated. 
No major adverse events were reported, and 
early results revealed a total body weight loss 
of 3.8% in the TORe group compared to 0.3% 
in the control patients, and a 4.4 kg of weight 
loss after 6 months.39, 40 The full-thickness 
stitches with the OverStitch device showed 
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the duodenum and proximal jejunum. In this 
way, contact between food and biliopancreat-
ic secretions is delayed and allows food to en-
ter the midgut earlier. The principle of exclud-
ing the proximal small intestine will lead to 
weight loss mediated by changes in hormones 
that alter appetite, such as a postprandial in-
crease in peptide YY and ghrelin, a decreased 
cholecystokinin response, and lower fasting 
levels of leptin.53 The sleeve is removed by 
endoscopy after 12 months.

The gastro-duodeno-jejunal bypass sleeve 
(GJBS or EndoBypass System; ValenTx, Inc. 
Carpinteria, CA, USA) is a 120-cm device, 
attached at the level of the esophago-gastric 
junction. The sleeve is placed and removed 
endoscopically after 12 months. It tries to 
mimic the gastric restriction, and the proxi-
mal jejunal bypass of a standard Roux-en-Y 
gastric bypass.

Thermal ablation of the superficial duode-
nal mucosa using radiofrequency is the main 
principle of the Revita duodenal mucosal re-
surfacing procedures (Fractyl Laboratories, 
Cambridge, MA, USA). The idea of this en-
doscopic technique is to alter the enteroendo-
crine signaling in the duodenum, which can 
ameliorate type 2 diabetes control.

Self-Assembling MagnetS for ENdoscopy 
(SAMSEN, GI windows, Boston, MA, USA) 
is a procedure in which magnets are placed 
at the level of the endoscopically created gas-
trojejunostomy, thus enabling in the future 
and endoscopic single-anastomosis gastric 
bypass, without the exact measurement of the 
bypassed small bowel limb.

Results

The EndoBarrier procedure is well docu-
mented in different randomized controlled 
trials, often set up as a presurgical weight loss 
intervention in comparison with diet. All stud-
ies report on significantly better weight loss 
results, with 22% EWL after 3 months, 32.0% 
EWL after 6 months, and 47.0% EWL after 
12 months compared to control subjects,54-56 
and statistically significant improvements in 
blood pressure, hemoglobin A1c, and choles-

Results

The EMPOWER Study, a randomized 
controlled double-blinded trial performed 
in 2012, has proven a % EWL of 17% in 
the vBloc group (N.=192) after 12 months, 
but not statistically significant different to 
the control group (N.=102).47 More recently 
the group of Billington48-50 observed in the 
ReCharge trial a % EWL of 25.8% after 12 
months, of 24.4% after 15 months, of 23.5% 
after 18 months, and of 22% after 24 months 
of vBloc therapy (N.=162), which was signifi-
cantly better than the control group (N.=77). 
A better glycaemia control and lower systolic 
blood pressure were described, and the most 
common adverse events were mild or moder-
ate heartburn, implant site pain, and constipa-
tion.

Altering the absorption

The AspireAssist (Aspire Bariatrics, King 
of Prussia, PA, USA) is a type of percuta-
neous gastrostomy which is endoscopically 
placed, and allows aspiring stomach contents.

Results

A pilot study allocated 11 patients to As-
pireAssist therapy, and 7 patients to the con-
trol group. After one year, a combination of 
conservative measures (such as dietary and 
behavioral modification) led to an 18% reduc-
tion of the total body weight in the Aspire-
Assist group compared to 5.9% in the con-
trol patients51. More recent, a non-controlled 
study examined 22 patients for 6 months after 
placement of the aspiration therapy, diet and 
cognitive behavioral therapy, and reported 
40.8% EWL.52

Exclusion of the duodenum 
and proximal jejunum

The EndoBarrier duodenal-jejunal bypass 
liner (GI Dynamics, Lexington, MA, USA) 
consists of an anchor placed in the duodenal 
bulb and a 60 cm polymer sleeve bypassing 
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bidities and risk of complications compared 
to other weight reduction measures.62, 63 In 
sleeve gastrectomy patients, mean % EWL at 
5, and 8 years was reported to be 61%, and 
52%, respectively, with low risks of short- and 
long term complications.64 In gastric bypass 
patients, mean % EWL was 60% at 7 years, 
with >50% resolution of comorbidities.65

A considerable amount of patients will not 
apply for surgery, for various reasons men-
tioned in the introduction section. The role of 
the endoscopist in adding therapeutic strate-
gies in the armentarium of the battle against 
obesity remains unclear. Our review aimed to 
gather evidence concerning the most valuable 
innovations in this field. Endoscopic bariatric 
interventions can provide minimally invasive 
treatment approaches for both primary and 
non-primary bridge obesity therapy. Although 
the idea of not undergoing a surgical interven-
tion might be tempting for many patients, we 
have to temper our enthusiasm until added 
value is proven. In this regard, further studies 
are needed concerning long term % EWL re-
sults and complication rates, resolution of co-
morbidities, reproducibility of the technique 
and randomized controlled trials revealing 
which patient group might benefit from con-
servative, endoscopic or surgical therapy. We 
have to take into account that endoscopic 
techniques are often more complex than pri-
mary bariatric surgery, with obese patients 
under general anesthesia undergoing special-
ized, heroic interventions with mean proce-
dure times up to 123-142 minutes when gas-
troplasties or plications are performed.30, 34, 38

Currently, evidence is available for Orbera 
intragastric balloon use in primary and 
nonprimary bridge obesity patient groups, 
leading to 25% EWL one year after implan-
tation.10 Promising results are reported using 
the duodeno-jejunal bypass liner, leading to 
35% EWL at 12 months, but randomized con-
trolled studies should report on further data. 
Serious adverse events were described 18, 57, 58 
and due to liver abscesses the EndoBarrier tri-
als were placed on hold by the FDA in the 
USA. Nevertheless, the American Society 
for Gastrointestinal Endoscopy consider the 

terol. A varying amount of patients, between 
13 and 38% of the investigated groups, re-
quired premature explantation of the device 
due to bleeding, migration, obstruction, pain, 
and anchor dislocation.57, 58 Note that as of 
March 2015, the EndoBarrier trials were 
placed on hold by the FDA in the USA due to 
4 cases of bacterial infection of the liver out 
of 325 enrolled study subjects.

The GJBS was studied in 12 patients, of 
which 2 underwent explantation of the device 
in the first month due to intolerance, and 4 oth-
ers had partial cuff detachment and uncom-
plete therapeutic effect.59 In 6 patients the % 
EWL after one year was 54%, and 14 months 
after explantation the % EWL remained 30%. 
In all 10 patients, the device was well toler-
ated for one year.

The Revita procedure and the SAMSEN 
technique are still in an early phase of inves-
tigation.

Conclusions

Worldwide, the problem of obesity has 
risen towards epidemic proportions, affect-
ing in large parts of the world more than 35% 
of the population.4 Besides prevention of de-
veloping overweight, the treatment of obe-
sity as a chronic disease and its associated 
comorbidities is of the utmost importance to 
add quality-adjusted life years in our popula-
tion, and decrease the impact on the costs for 
health care systems all over the world. Bariat-
ric surgery can be considered as a clinically 
effective and cost-effective intervention for 
the treatment of the moderately to severely 
obese patient in comparison to conservative 
measures.59, 60 Risk and cost benefit analysis 
suggest that surgical guidelines should even 
be reconsidered, with redefining the threshold 
for bariatric surgery to a BMI of 35 instead of 
40 kg/m2 and a BMI of 30 instead of 35 kg/m2 
with comorbidities.61 Despite the few avail-
able randomized controlled trials in the field 
of bariatric surgery, systematic reviews show 
favorable outcomes after laparoscopic gas-
tric bypass and sleeve gastrectomy in terms 
of weight loss results, resolution of comor-
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as safe.10 Despite all published small series, 
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Vagal nerve stimulation proved to be an 
interesting intervention in the ReCharge 
trial,48-50 with a % EWL of 25.8% after 12 
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In terms of % EWL and remission of co-
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