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Abstract: Type 2 diabetes (T2D) is one of the most significant and fast-growing health challenges of
the 21st century. Despite the variety of available glucose-lowering agents, many patients do not attain
or maintain adequate glycaemic control. Bariatric surgery demonstrates a profound anti-diabetic
effect, which is almost immediate and weight-loss independent. The significant improvement in
diabetes after bariatric surgery together with the endoscopic accessibility of the duodenum has led
to the development of new metabolic endoscopic procedures that capitalise on the importance of
the proximal small bowel in glycaemic control. Clinical trials have shown a clear efficacy signal,
and now, several devices are undergoing evaluation as primary T2D treatments. Establishing where
these procedures fit into the treatment algorithms for T2D and how they can be combined with
modern pharmacotherapies is needed in a rapidly changing landscape. Ultimately, through metabolic
endoscopy, gastroenterologists are on the cusp of providing safe and effective treatments for the
multidisciplinary management of T2D.
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1. Introduction

Type 2 diabetes (T2D) is one of the most significant and fast-growing health challenges
of the 21st century. In 2021, it was estimated that 1 in 11 adults in Europe were living with
diabetes, and the UK prevalence of diabetes was 8.2% [1]. Collectively, T2D accounts for a
total healthcare expenditure of >180 billion within Europe alone [1]. The upsurge in T2D is
primarily driven by the rising rates of obesity, with an estimated 90% of patients with T2D
being overweight or obese [2]. This is concerning given that diabetes is a chronic, multi-
system disease associated with many long-term complications including blindness, chronic
kidney disease, limb amputation, cardiovascular disease, and stroke [3]. Unfortunately,
there is no simple fix to one of the biggest epidemics in human history. T2D is due to
a complex interaction of genetic, metabolic, and environmental risk factors. Modifiable
risk factors, including high body mass index (BMI), lower physical activity, and poor diet,
are central to its development [4]. Obesity is the strongest risk factor for T2D because it
promotes insulin resistance, which describes a process in which cells become less responsive
to insulin. This causes pancreatic beta cells to secrete increasing quantities of insulin that
ultimately leads to beta cell dysfunction and long-term complications. The management of
T2D therefore requires holistic multi-modal multidisciplinary care.

Gastrointest. Disord. 2024, 6, 180–190. https://doi.org/10.3390/gidisord6010013 https://www.mdpi.com/journal/gastrointestdisord

https://doi.org/10.3390/gidisord6010013
https://doi.org/10.3390/gidisord6010013
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com
https://orcid.org/0000-0003-2058-3162
https://orcid.org/0000-0002-3563-4973
https://doi.org/10.3390/gidisord6010013
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com/article/10.3390/gidisord6010013?type=check_update&version=3


Gastrointest. Disord. 2024, 6 181

Despite the variety of available glucose-lowering agents and the important advances
in oral and injectable medications, many patients do not attain or maintain adequate
glycaemic control. In fact, many patients eventually require escalation to insulin that can
result in a perpetuating cycle of weight gain and increasing insulin dose. Therefore, despite
an increase in the number of available anti-diabetic agents, the disease remains a major
public health burden. We know from major diabetic studies that intensive control results
in lower levels of glycated haemoglobin (HbA1c) and a lower risk of both microvascular
and macrovascular complications [5,6]. However, many patients are unable to achieve
these tight glycaemic targets and struggle to lose and maintain weight loss long-term. This
is particularly true among patients with obesity, defined as a BMI ≥ 30 kg/m2 (a lower
threshold of 27.5 kg/m2 is recommended for South Asian and Chinese populations), as
the estimated annual rate of weight normalisation among obese individuals is less than
1% [7]. In Europe, just over 50% of patients were reported to achieve HbA1c levels < 7.0%
(53 mmol/mol), but over 25% of this population were on insulin [8]. Data from the DiRECT
study showed that diabetes can be reversed after 12 months of an intensive low-calorie
diet in 46%, which was correlated with the degree of weight loss (WL) [9]. However, we
know that these types of dieting programmes, which have been promoted widely, can
achieve short-term WL, and hence improved diabetic control. The problem is that for
the vast majority, these diets will ultimately result in weight regain, often within the first
year [10–12]. In fact, restrained eating and exercise for weight control are predictors of
weight gain [13]. If dietary interventions and pharmacotherapy are proving suboptimal in
many patients, we need to look at alternative methods of controlling blood glucose levels
that include bariatric surgery and, more recently, metabolic endoscopy.

A growing area of interest is metabolic and bariatric endoscopy. This is a novel
subspeciality of endoscopy that is performed by upper gastrointestinal surgeons, gastroen-
terologists, and/or bariatric surgeons. It encompasses a wide range of procedures that
are primarily grouped as weight loss procedures (i.e., bariatric endoscopy) or metabolic
procedures (i.e., metabolic endoscopy). Bariatric procedures include intragastric balloons,
intragastric implants, and gastroplasty devices that are primarily aimed at weight loss by
targeted manipulation of the gastric anatomy and physiology. Metabolic procedures, which
are discussed within the review, are principally focused on the small bowel to treat T2D. In
essence, these procedures have been developed to mimic the beneficial metabolic effects
observed after gastric bypass surgery when nutrients are diverted away from the proximal
small bowel. These effects are weight-independent and highlight the proximal small bowel
as a potential key regulator in metabolic health.

In this narrative review, we outlay the most up to date information on the safety and
efficacy of metabolic endoscopy for the management of T2D. We provide an overview of
emerging duodenal technologies and collate results from recently reported clinical trials
in the field of duodenal mucosal ablation. In addition, we provide novel insight into the
proposed mechanism of these procedures and the future direction of the subspeciality
including its limitations. For a broader overview assessing both metabolic and bariatric
endoscopic procedures, we point the reader to an excellent overview article [14].

2. Bariatric Surgery, Type 2 Diabetes, and the Proximal Small Bowel

Bariatric surgery is the most effective treatment for patients with severe obesity
leading to sustained WL, reduced mortality, and improvement in obesity-associated co-
morbidities [15]. The two main procedures are Roux-en-Y gastric bypass (RYGB) and laparo-
scopic sleeve gastrectomy (LSG); both are associated with sustained long-term WL [16–18].
Bariatric surgery is also an excellent treatment option for T2D, particularly following RYGB.
Bariatric surgery is associated with multiple physiological changes including altered gut
hormones, microbiome changes, and enhanced bile acid delivery [19]. These changes
collectively result in WL and improved whole-body insulin sensitivity. In fact, the im-
provements in diabetes after RYGB are almost immediate and weight independent, which
underscores the importance of the proximal small bowel as a critical signalling centre. The
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exact mechanism of improved glucose control is currently uncertain. Hypotheses suggest
either enhanced delivery to the distal small bowel (i.e., hindgut hypothesis) and/or the
removal of an unknown inhibitory mechanism stimulated by proximal intestinal nutrient
exclusion (i.e., foregut hypothesis) [20]. Either way, subsequent randomised controlled tri-
als (RCT) have confirmed that surgical interventions that bypass the proximal small bowel
are associated with a high, albeit heterogenous, rate of T2D remission that is reversible
on re-exposure of nutrients via the remnant stomach [21–24]. Unfortunately, bariatric
surgery is unable to address the magnitude of the T2D crisis due to resource and scalability,
operative risks, irreversibility, patient selection, and patient preference.

3. Targeting the Proximal Small Bowel with Endoscopy

The significant improvement in glycaemic control after bariatric surgery together with
the endoscopic accessibility of the duodenum led to the development of the new non-
pharmacological, non-surgical treatments for T2D. These endoscopic treatments, which are
collectively known as ‘metabolic endoscopy’, involve the use of novel devices to target the
duodenum to mimic the anti-diabetic effect of gastric bypass surgery.

3.1. Implantable Bypass Liners

The duodenal jejunal bypass liner, known as EndoBarrierTM (Morphic Medical, Boston,
MA, USA; formerly GI Dynamics Inc.), is an early device that involves the endoscopic
placement of a 60 cm fluoropolymer sleeve with fluoroscopic guidance into the proximal
small bowel. The sleeve terminates in the proximal jejunum with nutrients from the stom-
ach passing through the sleeve and bypassing the duodenum. In 2015, a meta-analysis
among nine prospective trials showed that EndoBarrierTM led to a reduction in HbA1c
by −1.7% (95% CI: −2.5 to −0.86; p < 0.001) and −1.5% (95% CI: −2.2 to −0.78; p < 0.001)
at 24 and 52 weeks, respectively [25]. Unfortunately, safety concerns were raised during
the US-based ENDO trial due to a high rate of hepatic abscesses (7 patients; 3.5%) leading
to early discontinuation and the loss of its CE mark [26]. More recently, registry data
from the Association of British Clinical Diabetologists has shown that among 1022 treated
patients, there is a significant reduction in HbA1c (−1.3%; SD 1.5) between baseline and
device removal at one year. Serious adverse events (SAEs) occurred in 4.2% with 11 liver ab-
scesses [27]. Although these safety issues raise concerns, the experience with EndoBarrierTM

showed that the small bowel can be targeted by endoscopy with clear evidence of an effi-
cacy signal. Furthermore, research into the safety and efficacy of EndoBarrierTM continues
with the randomised, double-blind, sham-controlled STEP-1 trial currently recruiting in
the US (NCT04101669).

3.2. Duodenal Mucosal Ablation

To prevent the issues that arise when a device is left in situ, researchers explored
the possibility of targeting the duodenal mucosa through endoscopic ablation. Thermal
ablation is a common therapeutic strategy in Barrett’s oesophagus whereby the abnormal
columnar mucosa is destroyed and subsequently regenerates with normal squamous cells.
Duodenal mucosal resurfacing (known as ‘DMR’) is a procedure that selectively ablates the
duodenal mucosa through hydrothermal ablation. The first in-human study on 39 patients
with T2D showed a clinically significant reduction in HbA1c following a single procedure
with the RevitaTM system (Fractyl Laboratories Inc., Lexington, MA, USA), although it was
associated with three cases of duodenal stenosis that were successfully treated with balloon
dilatation [28]. We subsequently performed an open-label prospective study in patients
on oral hypoglycaemic agents and showed a reduction in HbA1c by 10 ± 2 mmol/mol
(p < 0.001) at 24 weeks, which appeared sustained at 24 months with only one procedure-
related adverse event (transient febrile illness) [29,30]. The follow-up randomised, double-
blind, sham-controlled, multicentre trial involving 108 patients from Europe and Brazil
showed no significant difference in the combined mean reduction in HbA1c (p = 0.15) [31].
However, when stratifying for high fasting glucose (>10 mmol/L), HbA1c reduction
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with DMR was significant (–14.2 vs. −4.4; p = 0.002), and a post-hoc analysis showed a
significant difference when separating the European cohort (−6.6 vs. −3.3; p = 0.033). There
was one device-related SAE secondary to a jejunal perforation from manipulation of the
endoscope, which required surgical repair. Mild AEs were common with hypoglycaemia
observed in 25% and abdominal pain in 26.8%. REVITALISE-1 is the follow-up randomised,
double-blind, sham-controlled trial that is currently recruiting in the USA and Europe
(NCT04419779). The aim is to determine whether DMR can effectively eliminate the need
for exogenous insulin among patients with insulin-requiring T2D that we know has an
enormous impact on cost, quality of life, and morbidity.

3.3. Emerging Duodenal Ablation Technologies

Although DMR is still in its infancy, it remains an attractive option because it pro-
vides a minimally invasive treatment that targets insulin resistance—the root cause of T2D.
The device has a high technical barrier, but as more accessible devices become available
it could become a realistic, scalable option. The two important aspects of a duodenal
ablation device are how to deliver the catheter into the proximal small bowel and the
technology for delivering ablation. Wire-guided over-the-scope (OTS) delivery is a stan-
dard endoscopic technique but increases procedure time and difficulty with the need for
fluoroscopy. A through-the-scope (TTS) system allows passage of the device through the
working channel of the endoscope that increases ease, and ultimately, scalability. New
ablation technologies with both OTS and TTS techniques are emerging that involve the use
of laser, electroporation, or steam to selectively ablate the duodenal surface (Table 1).

Table 1. Emerging duodenal ablation technologies for type 2 diabetes.

Procedure Technology Delivery Study Design Target
Population No.

HbA1c
Reduc-
tion
(mmol/mol)

Off
Insulin
(%)

Serious
Adverse
Events
(%)

Follow-Up
(Weeks)

Duodenal mucosal
resurfacing with
the REVITA system
(Fractyl health)

Hydrothermal Over-the-
scope

REVITA-1 [32] Open
label

OAD 36 10.0 - 2.2 24

REVITA-1
(extension) [29]

Open-
label

OAD 27 9.0 - 0.0 108

REVITA-2 [31] RCT

OAD
(treatment)

56 10.4 - 3.6 24

OAD
(control)

52 7.1 - 0.0 24

GLP-1/DMR [33] Open
label

Insulin 16 4.4 53 0.0 78

REVITALISE-1 RCT Insulin 560 - - - 48

Duodenal Mucosal
Regeneration with
the ReCET
procedure
(Endogenex)

Electroporation Over-the-
scope

REGENT-1 (US) Open
label OAD 20 - - - 48

REGENT-1
(AUS)

Open
label

OAD or
insulin

- - - - 48

EMINENT-1 [34] Open
label

Insulin 14 6.6 86 0.0 24

EMINENT-2 RCT Insulin 32 - - - 24
Duodenal mucosal
ablation with
Radiofrequency
vapor ablation
(AQUA medical)

Steam Through-
the-scope STEAM T-2DM Open

label ≥1 OAD 30 - - - 24

Duodenal
submucosal laser
ablation with
DiaGone (Digma
Medical)

Laser Through-
the-scope

First-in-human
[35]

Open
label OAD 9 13.5 - 0.0 24

DMR—Duodenal mucosal resurfacing; GLP—Glucagon-like peptide 1 agonist; OAD—Oral anti-diabetic drug
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Duodenal 
submucosal laser 
ablation with 
DiaGone (Digma 
Medical) 

Laser 
Through-
the-scope 

First-in-human 
[35] 

Open 
label OAD 9 13.5 - 0.0 24 

DMR—Duodenal mucosal resurfacing; GLP—Glucagon-like peptide 1 agonist; OAD—Oral anti-diabetic drug 

Electroporation is a process in which an external electric field is generated around a 
cell that causes cellular disruption and increased permeability. At high levels, this will 
result in irreversible cell death [36]. This type of non-thermal ablation technique is cur-
rently being investigated as part of the ReCETTM procedure (Endogenex Inc., Plymouth, 
MN, USA). The safety and feasibility of electroporation is being investigated in both the 
US (NCT05014204) and Australia (NCT04725890) as part of open-label clinical trials in pa-
tients on oral hypoglycaemic agents or insulin therapy. ReCETTM is still a relatively ad-
vanced procedure requiring wire-guided placement of the catheter. Concurrently, the EM-
INENT study in the Netherlands has been investigating the use of electroporation in com-
bination with a glucagon-like peptide 1 (GLP-1) agonist among patients with insulin-re-
quiring T2D. Previously, the same group showed that the combination of DMR and the 
GLP-1 agonist Liraglutide led to the elimination of exogenous insulin in >50% of patients 
that was maintained at 18 months [33]. On follow-up, there were 21 suspected treatment-
related AEs that were predominantly mild GI symptoms with no SAEs. A recently pre-
sented abstract showed that the combination of ReCETTM and empirical semaglutide ena-
bled 86% (n = 14) of patients with insulin-requiring T2D to remain off insulin at one year 
with no device-related SAEs and a single episode of hypoglycaemia [34]. However, be-
cause semaglutide was given empirically at two weeks post-procedure, it is difficult to 
draw any conclusions on the independent effect of electroporation for the elimination of 
insulin. EMINENT-2 is currently undergoing recruitment (NCT05984238), which is a ran-
domised, sham-controlled trial, comparing ReCETTM/semaglutide against sham/semag-
lutide.  

Another method of duodenal ablation involves the use of steam and radiofrequency 
energy. A radiofrequency vapor ablation (RFVA) catheter (AQUA Medical Inc., Santa Ana, 
CA, US) is currently being investigated for the treatment of patients with T2D on oral 
hypoglycaemic agents within a first-in-human trial (NCT05887635). During the proce-
dure, radiofrequency energy is used to convert water into heated water vapor that can 
then be delivered to tissue to induce thermal ablation. The device was first shown to be 
effective in the setting of Barrett’s oesophagus [37] and its TTS system negates the need 
for an advanced endoscopy suite with access to fluoroscopy. 

Finally, laser ablation using DiaGone™ (Digma Medical, Petah Tiqva, Israel) is an-
other TTS device that is being investigated for the treatment of T2D. This procedure uses 
precise lasers to target the duodenal submucosa to modulate the neurohormonal axis of 
the gastrointestinal tract. Early data in abstract form showed that the procedure was tech-
nically successful in 100% (n = 18) and resulted in an average HbA1c reduction of 13.5 
mmol/mol at six months post-procedure among nine included patients with no adverse 
events [35,38]. However, the full paper has yet to be published with the six- and twelve-
month follow-up. 

3.4. Anastomotic Devices 
Several procedures have been developed that create an anastomosis between the 

proximal and distal small bowel with the use of self-assembling magnets. The new anas-
tomosis helps to redistribute the flow of nutrients in a similar manner to the 

Completed
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Electroporation is a process in which an external electric field is generated around
a cell that causes cellular disruption and increased permeability. At high levels, this will
result in irreversible cell death [36]. This type of non-thermal ablation technique is currently
being investigated as part of the ReCETTM procedure (Endogenex Inc., Plymouth, MN,
USA). The safety and feasibility of electroporation is being investigated in both the US
(NCT05014204) and Australia (NCT04725890) as part of open-label clinical trials in patients
on oral hypoglycaemic agents or insulin therapy. ReCETTM is still a relatively advanced
procedure requiring wire-guided placement of the catheter. Concurrently, the EMINENT
study in the Netherlands has been investigating the use of electroporation in combination
with a glucagon-like peptide 1 (GLP-1) agonist among patients with insulin-requiring
T2D. Previously, the same group showed that the combination of DMR and the GLP-1
agonist Liraglutide led to the elimination of exogenous insulin in >50% of patients that was
maintained at 18 months [33]. On follow-up, there were 21 suspected treatment-related
AEs that were predominantly mild GI symptoms with no SAEs. A recently presented
abstract showed that the combination of ReCETTM and empirical semaglutide enabled
86% (n = 14) of patients with insulin-requiring T2D to remain off insulin at one year with
no device-related SAEs and a single episode of hypoglycaemia [34]. However, because
semaglutide was given empirically at two weeks post-procedure, it is difficult to draw
any conclusions on the independent effect of electroporation for the elimination of insulin.
EMINENT-2 is currently undergoing recruitment (NCT05984238), which is a randomised,
sham-controlled trial, comparing ReCETTM/semaglutide against sham/semaglutide.

Another method of duodenal ablation involves the use of steam and radiofrequency
energy. A radiofrequency vapor ablation (RFVA) catheter (AQUA Medical Inc., Santa Ana,
CA, USA) is currently being investigated for the treatment of patients with T2D on oral
hypoglycaemic agents within a first-in-human trial (NCT05887635). During the procedure,
radiofrequency energy is used to convert water into heated water vapor that can then be
delivered to tissue to induce thermal ablation. The device was first shown to be effective
in the setting of Barrett’s oesophagus [37] and its TTS system negates the need for an
advanced endoscopy suite with access to fluoroscopy.

Finally, laser ablation using DiaGone™ (Digma Medical, Petah Tiqva, Israel) is another
TTS device that is being investigated for the treatment of T2D. This procedure uses precise
lasers to target the duodenal submucosa to modulate the neurohormonal axis of the gas-
trointestinal tract. Early data in abstract form showed that the procedure was technically
successful in 100% (n = 18) and resulted in an average HbA1c reduction of 13.5 mmol/mol
at six months post-procedure among nine included patients with no adverse events [35,38].
However, the full paper has yet to be published with the six- and twelve-month follow-up.

3.4. Anastomotic Devices

Several procedures have been developed that create an anastomosis between the
proximal and distal small bowel with the use of self-assembling magnets. The new anasto-
mosis helps to redistribute the flow of nutrients in a similar manner to the gastrointestinal
reconstruction seen in bariatric surgery. These devices include the Incisionless Anasto-
motic System (GI Windows, Westwood, MA, USA), Magnet Anastomosis System (GT
Metabolic Solution, St Michael, MN, USA), and Magnamosis magnetic compression device
(magnamosis). Early pilot data show that at 12 months, the reduction in HbA1c after the
incisionless anastomotic system is 1.9% [39], and after the magnet anastomotic system,
2.0% [40]. However, results must be taken in context as both pilots only assessed outcomes
for four patients and these procedures require laparoscopic assistance for the optimal
placement of the magnet. Although no device-related SAEs occurred, mild gastrointestinal
adverse events were common, and one magnet had to be retrieved endoscopically. In
addition, to highlight the increased risk of adding procedures, one patient had damage to
the gastric serosa by a laparoscopic trocar. Therefore, while efficacy is clear, we appear to
have lost the concept of endoscopy being a minimally invasive procedure that mitigates
against the risk of surgery, not an add-on therapy that may enhance risk and cost.
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4. Drug Therapy and Endoscopy

Collectively, these new metabolic devices form part of a wider subspeciality of gas-
troenterology known as ‘metabolic and bariatric endoscopy’ as we discussed in the in-
troduction. These one-off interventions are highly attractive for patients who want to
mitigate the risks of bariatric surgery, but are also intolerant to, or want to avoid, long-term
medication. New pharmacological agents including GLP-1 receptor agonists and combined
GLP-1/gastrointestinal peptide agonists are highly effective obesity and diabetic treat-
ments [41,42]. However, they involve weekly injections, are associated with side effects,
have supply and cost issues, and rely on patient concordance [43]. In addition, real-world
efficacy data may be lower than clinical trials, and up to 45% discontinue therapy after
one year [43]. We must remember that duodenal mucosal ablation is not a primary weight
loss procedure, and therefore it may complement, rather than replace, pharmacotherapy
in those wanting to avoid bariatric surgery or achieve a more profound glycaemic effect.
Nevertheless, as more scalable devices become integrated into routine clinical care, these
could even be combined with a ‘same-sitting’ bariatric endoscopic procedure, such an
endoscopic sleeve gastroplasty (ESG), which may have the potential to avoid the need for
pharmacotherapy all together.

Modern diabetes management should be about combining metabolic interventions
(e.g., metformin, duodenal ablation) with weight loss interventions (e.g., GLP-1 receptor
agonist, ESG) to drive remission. We need to be able to identify the most suitable patients
for the most suitable interventions, which will likely require stratification based on BMI,
co-morbidities, and patient choice. Ultimately, the field of metabolic health is headed
towards combination therapy, similar to treatments for both cancer and autoinflammatory
conditions, as we look to obtain diabetes remission and weight normalisation as realistic
biological endpoints.

5. Discussion

T2D is a complex disease with a myriad of treatment options available. The increasing
interest in metabolic endoscopy means that gastroenterologists are well placed to offer
endoscopic therapy as part of a broader treatment paradigm under the umbrella of the
MDT. Duodenal bypass liners helped us understand that a minimally invasive endoscopic
procedure can provide an effective treatment for T2D with HbA1c reduction between
1.3–1.7% at 3–12 months after explantation. However, the high rate of adverse events is
notable given that we should be trying to mitigate against the risks of surgery. This is
important when the 2020 report from the UK National Bariatric Surgery Registry showed
bariatric surgery was associated with an overall complication rate of 2.4% and in-hospital
mortality of 0.04% [44]. This has led to a growing interest in duodenal mucosal ablation,
which provides a one-off, minimally invasive endoscopic procedure with subsequent
regeneration of the duodenal mucosal surface. Although early data from the first in-human
study with the REVITA device showed three cases of duodenal stenosis, more recent
data across multiple ablation technologies confirms both good, and comparable, safety
data with SAEs in 0–3.6%. This is especially true considering that ablation therapy for
Barrett’s oesophagus, which is the standard of care for dysplastic tissue, is associated with
a stricture rate of 5.6–10.2% [45,46]. Across all ablation techniques, duodenal mucosal
ablation is associated with a reduction in HbA1c of 9.0–13.5 mmol/mol among patients on
oral hypoglycaemic agents over variable follow-up. However, the first RCT in this area did
not meet the primary outcome. On the surface, this highlights the need for more evidence
to determine the true effect of these ablation devices. Results from both REVITALISE-
1 and EMINENT-2 will help answer this question, which is currently lingering in the
field. Nevertheless, these trials show the true nature of T2D, and the difficulties clinicians
and patients face with the need for life-long pharmacotherapy with implications on cost,
concordance, and side effects that may partly explain the improvements seen in the sham
group of the RCT. If the true effect of the procedure can be clearly defined, then a device
that can reduce a patient’s ‘pill burden’ is highly appealing.
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One of the interesting differences between duodenal mucosal ablation and duodenal
bypass liners is the improved efficacy with the latter device. Duodenal liners enable 60 cm
of proximal small bowel to be bypassed, whereas duodenal ablation targets 9–15 cm of the
post-ampullary duodenum. We know from meta-analysis data among patients undergoing
RYGB that the length of the biliopancreatic limb correlates with the degree of weight loss
and diabetic resolution [47]. Therefore, it is theorised that ablating a longer segment of
small bowel could enhance the effect on glycaemia, but achieving a longer ablation is more
endoscopically challenging. This raises the question that, in the context of an optimised
circumferential mucosal ablation of the duodenum, there is likely to be a maximum gly-
caemic effect that this procedure can achieve that may be around 10 mmol/mol. Currently,
there are very limited data investigating why we see this perceived benefit from duodenal
mucosal ablation. Data from duodenal bypass liners show that the procedure can improve
insulin sensitivity [48], but there is no clear evidence to support changes in incretins and
no studies have assessed meal-stimulated incretin effects [26,49]. Therefore, in the absence
of a marked incretin response, the improvement in glycaemic control could be related
to how the proximal small bowel handles dietary glucose with subsequent changes to
the gut–liver axis and a reduction in hepatic gluconeogenesis. However, many of these
hypotheses are inferred from studies investigating bariatric surgery, which we know is
associated with alterations in bile acid metabolism, the microbiome, utilisation of intestinal
glucose, the incretin response, and hepato-portal glucose sensing [20,50,51]. To enhance our
knowledge in the field, future endoscopy trials need to attempt to answer these questions
surrounding the perceived mechanism of action and potentially unlock key mechanisms in
glucose regulation.

Another important interest is the use of combination therapy with two recent trials
showing the value of adding a GLP-1 agonist to duodenal mucosal ablation. Among two
small cohorts involving 30 insulin-requiring patients with T2D, 53–86% were able to remove
the need for exogenous insulin following duodenal mucosal ablation with DMR or ReCET
after the addition of liraglutide or semaglutide, respectively. At present, it is difficult to
discern how much independent influence the ablation device has over the improvement
in glycaemic control, especially with the rising use of more powerful anti-obesity and
diabetic agents. However, it does highlight how the procedure could be added into a
treatment algorithm for these patients at a time point when there is more likelihood of
reversibility before the inevitable beta-cell depletion and dependence on exogenous insulin.
Mechanistically, the current absence of a marked incretin response to duodenal endoscopic
therapy means the addition of the incretin GLP-1 could have a synergistic effect similar to
the benefits seen with dual pharmacotherapy [52,53]. Instead of focusing on combining
drug and endoscopic therapy, one question is whether duodenal mucosal ablation could be
combined with an endoscopic bariatric procedure (e.g., gastroplasty) to provide a ‘same-
session’ metabolic and weight loss intervention. Although still experimental, these types
of treatment choices can become quite complex and need to consider the cost, availability,
experience, patient-related co-morbidities, and ultimately patient choice. In the face of
these complex choices, multidisciplinary-led care is essential to ensure both safety and
efficacy for patients.

The question remains: if the efficacy of duodenal mucosal ablation can be robustly
confirmed, then where does it sit within the treatment algorithm of T2D? We envisage three
treatment strategies where it could be used: (1) reduction in oral hypoglycaemic burden,
(2) elimination of exogenous insulin, (3) high-risk new-onset T2D. This last category is
perhaps the most controversial, but given that the number one research priority for patients
is whether T2D can be reversed or even cured [54], we feel there is a strong incentive to treat
high-risk new-onset T2D with a more intensive treatment strategy that will undoubtedly
involve combination therapy. To achieve this, new treatment algorithms would need to be
structured within multidisciplinary teams due to both the complexity of metabolic disease,
and the vast array of treatment options available to patients. Metabolic endoscopy still has
its limitations that should not be overlooked. While the efficacy of duodenal bypass liners
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has been confirmed in RCTs, the rates of adverse events mean it remains an unattractive
option, and the independent effect of duodenal mucosal ablation needs to be further
confirmed in high-quality clinical trials. Furthermore, if many anti-diabetic agents have
prognostic implications, then these endoscopic procedures may become add-on therapy,
rather than upfront replacement. Finally, patient selection remains a big challenge with
little understanding of when and what patients should be offered and who will respond.
Although many unknowns remain, the rising prevalence of T2D coupled with the increasing
availability of novel endoscopic interventions means this exciting new subspeciality will
remain for the foreseeable future.

6. Conclusions

With the rapid evolution of metabolic endoscopy, gastroenterologists will undoubtedly
play a role within the diabetic MDT and the evolving treatment paradigm of T2D. Duodenal
ablation technologies are some of the most exciting because they offer a minimally invasive,
one-off intervention, with low adverse effects and efficacy akin to a single anti-diabetic
agent in early clinical data. Anastomotic devices are still in their infancy and need to
be further refined to make them a truly feasible option. We watch with interest the re-
emergence of duodenal bypass liners that show reasonable real-world safety and efficacy
data, but concern will always remain around the safety of devices left in situ. Within the
field of metabolic endoscopy, many issues still exist including their unknown mechanisms,
patient selection, efficacy of combination therapy, cost, and training. However, what
is certain is that through metabolic endoscopy, gastroenterologists are on the cusp of
providing safe and effective treatments for people living with type 2 diabetes.

Author Contributions: Conceptualization, B.C.N. and R.H.; Methodology, B.C.N.; Data curation,
B.C.N., A.P. and A.T.; Writing—original draft preparation, B.C.N.; Writing—review and editing,
B.C.N., A.P., A.T., R.M., A.M., G.J., C.M., J.M. and R.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to it being a clinical review article.

Informed Consent Statement: Not applicable.

Data Availability Statement: This manuscript was developed from research articles within the
published literature that are all readily available online.

Conflicts of Interest: R.H. declares educational grants to support research infrastructure from Cook
medical, Odin Vision, Pentax medical, Endogastric Solutions, Apollo Endosurgery, Medtronic, and
Aqua Medical. The remaining authors (B.C.N., A.T., A.P., R.M., A.M., G.J., C.M. and J.M.) declare no
conflicts of interest.

References
1. IDF Diabetes Atlas. International Diabetes Federation. 2021. Available online: https://diabetesatlas.org (accessed on

14 August 2023).
2. Gatineau, M.H.; Holman, C.; Outhwaite, N.; Oldridge, H.; Christie, L.; Ells, A.L. Adult Obesity and Type 2 Diabetes; Public Health

England: London, UK, 2014.
3. Harding, J.L.; Pavkov, M.E.; Magliano, D.J.; Shaw, J.E.; Gregg, E.W. Global trends in diabetes complications: A review of current

evidence. Diabetologia 2019, 62, 3–16. [CrossRef] [PubMed]
4. Galicia-Garcia, U.; Benito-Vicente, A.; Jebari, S.; Larrea-Sebal, A.; Siddiqi, H.; Uribe, K.B.; Ostolaza, H.; Martin, C. Pathophysiology

of Type 2 Diabetes Mellitus. Int. J. Mol. Sci. 2020, 21, 6275. [CrossRef] [PubMed]
5. Holman, R.R.; Paul, S.K.; Bethel, M.A.; Matthews, D.R.; Neil, H.A. 10-year follow-up of intensive glucose control in type 2

diabetes. N. Engl. J. Med. 2008, 359, 1577–1589. [CrossRef] [PubMed]
6. Group, A.C.; Patel, A.; MacMahon, S.; Chalmers, J.; Neal, B.; Billot, L.; Woodward, M.; Marre, M.; Cooper, M.; Glasziou, P.; et al.

Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. N. Engl. J. Med. 2008, 358, 2560–2572.
[CrossRef]

https://diabetesatlas.org
https://doi.org/10.1007/s00125-018-4711-2
https://www.ncbi.nlm.nih.gov/pubmed/30171279
https://doi.org/10.3390/ijms21176275
https://www.ncbi.nlm.nih.gov/pubmed/32872570
https://doi.org/10.1056/NEJMoa0806470
https://www.ncbi.nlm.nih.gov/pubmed/18784090
https://doi.org/10.1056/NEJMoa0802987


Gastrointest. Disord. 2024, 6 188

7. Fildes, A.; Charlton, J.; Rudisill, C.; Littlejohns, P.; Prevost, A.T.; Gulliford, M.C. Probability of an Obese Person Attaining Normal
Body Weight: Cohort Study Using Electronic Health Records. Am. J. Public. Health 2015, 105, e54–e59. [CrossRef]

8. Stone, M.A.; Charpentier, G.; Doggen, K.; Kuss, O.; Lindblad, U.; Kellner, C.; Nolan, J.; Pazderska, A.; Rutten, G.; Trento, M.; et al.
Quality of care of people with type 2 diabetes in eight European countries: Findings from the Guideline Adherence to Enhance
Care (GUIDANCE) study. Diabetes Care 2013, 36, 2628–2638. [CrossRef] [PubMed]

9. Lean, M.E.J.; Leslie, W.S.; Barnes, A.C.; Brosnahan, N.; Thom, G.; McCombie, L.; Peters, C.; Zhyzhneuskaya, S.; Al-Mrabeh, A.;
Hollingsworth, K.G.; et al. Durability of a primary care-led weight-management intervention for remission of type 2 diabetes:
2-year results of the DiRECT open-label, cluster-randomised trial. Lancet Diabetes Endocrinol. 2019, 7, 344–355. [CrossRef]

10. Ge, L.; Sadeghirad, B.; Ball, G.D.C.; da Costa, B.R.; Hitchcock, C.L.; Svendrovski, A.; Kiflen, R.; Quadri, K.; Kwon, H.Y.;
Karamouzian, M.; et al. Comparison of dietary macronutrient patterns of 14 popular named dietary programmes for weight and
cardiovascular risk factor reduction in adults: Systematic review and network meta-analysis of randomised trials. BMJ 2020, 369,
m696. [CrossRef]

11. Koliaki, C.; Spinos, T.; Spinou, M.; Brinia Mu, E.; Mitsopoulou, D.; Katsilambros, N. Defining the Optimal Dietary Approach for
Safe, Effective and Sustainable Weight Loss in Overweight and Obese Adults. Healthcare 2018, 6, 73. [CrossRef]

12. Wing, R.R.; Hill, J.O. Successful weight loss maintenance. Annu. Rev. Nutr. 2001, 21, 323–341. [CrossRef]
13. Hill, A.J. Does dieting make you fat? Br. J. Nutr. 2004, 92 (Suppl. S1), S15–S18. [CrossRef]
14. Norton, B.C.; Telese, A.; Papaefthymiou, A.; Aslam, N.; Makaronidis, J.; Murray, C.; Haidry, R. Metabolic and Bariatric Endoscopy:

A Mini-Review. Life 2023, 13, 1905. [CrossRef] [PubMed]
15. Gloy, V.L.; Briel, M.; Bhatt, D.L.; Kashyap, S.R.; Schauer, P.R.; Mingrone, G.; Bucher, H.C.; Nordmann, A.J. Bariatric surgery versus

non-surgical treatment for obesity: A systematic review and meta-analysis of randomised controlled trials. BMJ 2013, 347, f5934.
[CrossRef] [PubMed]

16. O’Brien, P.E.; Hindle, A.; Brennan, L.; Skinner, S.; Burton, P.; Smith, A.; Crosthwaite, G.; Brown, W. Long-Term Outcomes After
Bariatric Surgery: A Systematic Review and Meta-analysis of Weight Loss at 10 or More Years for All Bariatric Procedures and a
Single-Centre Review of 20-Year Outcomes After Adjustable Gastric Banding. Obes. Surg. 2019, 29, 3–14. [CrossRef] [PubMed]

17. Shoar, S.; Saber, A.A. Long-term and midterm outcomes of laparoscopic sleeve gastrectomy versus Roux-en-Y gastric bypass: A
systematic review and meta-analysis of comparative studies. Surg. Obes. Relat. Dis. 2017, 13, 170–180. [CrossRef] [PubMed]

18. Aminian, A.; Kashyap, S.R.; Wolski, K.E.; Brethauer, S.A.; Kirwan, J.P.; Nissen, S.E.; Bhatt, D.L.; Schauer, P.R. Patient-reported
Outcomes After Metabolic Surgery Versus Medical Therapy for Diabetes: Insights From the STAMPEDE Randomized Trial. Ann.
Surg. 2021, 274, 524–532. [CrossRef] [PubMed]

19. Mulla, C.M.; Middelbeek, R.J.W.; Patti, M.E. Mechanisms of weight loss and improved metabolism following bariatric surgery.
Ann. N. Y. Acad. Sci. 2018, 1411, 53–64. [CrossRef] [PubMed]

20. Batterham, R.L.; Cummings, D.E. Mechanisms of Diabetes Improvement Following Bariatric/Metabolic Surgery. Diabetes Care
2016, 39, 893–901. [CrossRef]

21. Courcoulas, A.P.; Belle, S.H.; Neiberg, R.H.; Pierson, S.K.; Eagleton, J.K.; Kalarchian, M.A.; DeLany, J.P.; Lang, W.; Jakicic, J.M.
Three-Year Outcomes of Bariatric Surgery vs Lifestyle Intervention for Type 2 Diabetes Mellitus Treatment: A Randomized
Clinical Trial. JAMA Surg. 2015, 150, 931–940. [CrossRef]

22. Mingrone, G.; Panunzi, S.; De Gaetano, A.; Guidone, C.; Iaconelli, A.; Nanni, G.; Castagneto, M.; Bornstein, S.; Rubino, F.
Bariatric-metabolic surgery versus conventional medical treatment in obese patients with type 2 diabetes: 5 year follow-up of an
open-label, single-centre, randomised controlled trial. Lancet 2015, 386, 964–973. [CrossRef]

23. Madsen, L.R.; Baggesen, L.M.; Richelsen, B.; Thomsen, R.W. Effect of Roux-en-Y gastric bypass surgery on diabetes remission
and complications in individuals with type 2 diabetes: A Danish population-based matched cohort study. Diabetologia 2019, 62,
611–620. [CrossRef] [PubMed]

24. Shimizu, H.; Eldar, S.; Heneghan, H.M.; Schauer, P.R.; Kirwan, J.P.; Brethauer, S.A. The effect of selective gut stimulation on
glucose metabolism after gastric bypass in the Zucker diabetic fatty rat model. Surg. Obes. Relat. Dis. 2014, 10, 29–35. [CrossRef]
[PubMed]

25. Abu Dayyeh, B.K.; Kumar, N.; Edmundowicz, S.A.; Jonnalagadda, S.; Larsen, M.; Sullivan, S.; Thompson, C.C.; Banerjee, S. ASGE
Bariatric Endoscopy Task Force systematic review and meta-analysis assessing the ASGE PIVI thresholds for adopting endoscopic
bariatric therapies. Gastrointest. Endosc. 2015, 82, 425–438. [CrossRef]

26. Ruban, A.; Ashrafian, H.; Teare, J.P. The EndoBarrier: Duodenal-jejunal bypass liner for diabetes and weight loss. Gastroenterol.
Res. Pract. 2018, 2018, 7823182. [CrossRef]

27. Ryder, R.E.J.; Laubner, K.; Benes, M.; Haluzik, M.; Munro, L.; Frydenberg, H.; Teare, J.P.; Ruban, A.; Fishman, S.; Santo, E.; et al.
Endoscopic Duodenal-Jejunal Bypass Liner Treatment for Type 2 Diabetes and Obesity: Glycemic and Cardiovascular Disease
Risk Factor Improvements in 1,022 Patients Treated Worldwide. Diabetes Care 2023, 46, e89–e91. [CrossRef] [PubMed]

28. Rajagopalan, H.; Cherrington, A.D.; Thompson, C.C.; Kaplan, L.M.; Rubino, F.; Mingrone, G.; Becerra, P.; Rodriguez, P.; Vignolo,
P.; Caplan, J.; et al. Endoscopic Duodenal Mucosal Resurfacing for the Treatment of Type 2 Diabetes: 6-Month Interim Analysis
From the First-in-Human Proof-of-Concept Study. Diabetes Care 2016, 39, 2254–2261. [CrossRef] [PubMed]

29. Van Baar, A.C.G.; Devière, J.; Hopkins, D.; Crenier, L.; Holleman, F.; Galvão Neto, M.P.; Becerra, P.; Vignolo, P.; Rodriguez Grunert,
L.; Mingrone, G.; et al. Durable metabolic improvements 2 years after duodenal mucosal resurfacing (DMR) in patients with type
2 diabetes (REVITA-1 Study). Diabetes Res. Clin. Pract. 2022, 184, 109194. [CrossRef] [PubMed]

https://doi.org/10.2105/AJPH.2015.302773
https://doi.org/10.2337/dc12-1759
https://www.ncbi.nlm.nih.gov/pubmed/23628621
https://doi.org/10.1016/S2213-8587(19)30068-3
https://doi.org/10.1136/bmj.m696
https://doi.org/10.3390/healthcare6030073
https://doi.org/10.1146/annurev.nutr.21.1.323
https://doi.org/10.1079/BJN20041135
https://doi.org/10.3390/life13091905
https://www.ncbi.nlm.nih.gov/pubmed/37763308
https://doi.org/10.1136/bmj.f5934
https://www.ncbi.nlm.nih.gov/pubmed/24149519
https://doi.org/10.1007/s11695-018-3525-0
https://www.ncbi.nlm.nih.gov/pubmed/30293134
https://doi.org/10.1016/j.soard.2016.08.011
https://www.ncbi.nlm.nih.gov/pubmed/27720197
https://doi.org/10.1097/SLA.0000000000005003
https://www.ncbi.nlm.nih.gov/pubmed/34132694
https://doi.org/10.1111/nyas.13409
https://www.ncbi.nlm.nih.gov/pubmed/28868615
https://doi.org/10.2337/dc16-0145
https://doi.org/10.1001/jamasurg.2015.1534
https://doi.org/10.1016/S0140-6736(15)00075-6
https://doi.org/10.1007/s00125-019-4816-2
https://www.ncbi.nlm.nih.gov/pubmed/30734055
https://doi.org/10.1016/j.soard.2013.01.021
https://www.ncbi.nlm.nih.gov/pubmed/23507630
https://doi.org/10.1016/j.gie.2015.03.1964
https://doi.org/10.1155/2018/7823182
https://doi.org/10.2337/dc22-1952
https://www.ncbi.nlm.nih.gov/pubmed/36716004
https://doi.org/10.2337/dc16-0383
https://www.ncbi.nlm.nih.gov/pubmed/27519448
https://doi.org/10.1016/j.diabres.2022.109194
https://www.ncbi.nlm.nih.gov/pubmed/35032562


Gastrointest. Disord. 2024, 6 189

30. van Baar, A.C.G.; Haidry, R.; Rodriguez Grunert, L.; Galvao, M.P.N.; Bisschops, R.; Hayee, B.H.; Costamagna, G.; Deviere, J.;
Bergman, J. Duodenal mucosal resurfacing: Multicenter experience implementing a minimally invasive endoscopic procedure for
treatment of type 2 diabetes mellitus. Endosc. Int. Open 2020, 8, E1683–E1689. [CrossRef]

31. Mingrone, G.; van Baar, A.C.; Deviere, J.; Hopkins, D.; Moura, E.; Cercato, C.; Rajagopalan, H.; Lopez-Talavera, J.C.; White, K.;
Bhambhani, V.; et al. Safety and efficacy of hydrothermal duodenal mucosal resurfacing in patients with type 2 diabetes: The
randomised, double-blind, sham-controlled, multicentre REVITA-2 feasibility trial. Gut 2022, 71, 254–264. [CrossRef]

32. van Baar, A.C.G.; Holleman, F.; Crenier, L.; Haidry, R.; Magee, C.; Hopkins, D.; Rodriguez Grunert, L.; Galvao Neto, M.; Vignolo,
P.; Hayee, B.; et al. Endoscopic duodenal mucosal resurfacing for the treatment of type 2 diabetes mellitus: One year results from
the first international, open-label, prospective, multicentre study. Gut 2020, 69, 295–303. [CrossRef]

33. van Baar, A.C.G.; Meiring, S.; Smeele, P.; Vriend, T.; Holleman, F.; Barlag, M.; Mostafavi, N.; Tijssen, J.G.P.; Soeters, M.R.;
Nieuwdorp, M.; et al. Duodenal mucosal resurfacing combined with glucagon-like peptide-1 receptor agonism to discontinue
insulin in type 2 diabetes: A feasibility study. Gastrointest. Endosc. 2021, 94, 111–120. [CrossRef] [PubMed]

34. Busch, C.M.; Van Baar, A.S.; Holleman, F.; Nieuwdorp, M.; Bergman, J. Re-Cellularization Via Electroporation Therapy (Recet)
Combined with Glp-1ra To Replace Insulin Therapy in Patients with Type 2 Diabetes 6 Months Results of the Eminent Study.
Gastrointest. Endosc. 2023, 97, AB760. [CrossRef]

35. Mraz, M.; Marcovitch, I.; Lankova, I.; Kratochvilova, H.; Cinkajzlova, A.; Benes, M.; Korner, J.; Vlasakova, Z.; Spicak, J.;
Pelikanova, T.; et al. 1131-P: Endoscopic Duodenal Submucosal Laser Ablation for the Treatment of Type 2 Diabetes Mellitus:
Results of First-in-Human Pilot Study. Diabetes 2019, 68, 1131. [CrossRef]

36. Campelo, S.N.; Huang, P.H.; Buie, C.R.; Davalos, R.V. Recent Advancements in Electroporation Technologies: From Bench to
Clinic. Annu. Rev. Biomed. Eng. 2023, 25, 77–100. [CrossRef] [PubMed]

37. van Munster, S.N.; Pouw, R.E.; Sharma, V.K.; Meijer, S.L.; Weusten, B.; Bergman, J. Radiofrequency vapor ablation for Barrett’s
esophagus: Feasibility, safety and proof of concept in a stepwise study with in vitro, animal, and the first in-human application.
Endoscopy 2021, 53, 1162–1168. [CrossRef] [PubMed]

38. Benes, M.M.; Herschkovitz, I.A.; Haluzik, M. Tu1985 Endoscopic Submucosal Laser Ablation for the Treatment of Type 2
Diabetes–Preliminary First in Human Study Results. Gastrointest. Endosc. 2019, 89, AB643. [CrossRef]

39. Machytka, E.; Buzga, M.; Zonca, P.; Lautz, D.B.; Ryou, M.; Simonson, D.C.; Thompson, C.C. Partial jejunal diversion using an
incisionless magnetic anastomosis system: 1-year interim results in patients with obesity and diabetes. Gastrointest. Endosc. 2017,
86, 904–912. [CrossRef]

40. Gagner, M.; Abuladze, D.; Koiava, L.; Buchwald, J.N.; Van Sante, N.; Krinke, T. First-in-Human Side-to-Side Magnetic Compres-
sion Duodeno-ileostomy with the Magnet Anastomosis System. Obes. Surg. 2023, 33, 2282–2292. [CrossRef]

41. Jastreboff, A.M.; Aronne, L.J.; Ahmad, N.N.; Wharton, S.; Connery, L.; Alves, B.; Kiyosue, A.; Zhang, S.; Liu, B.; Bunck, M.C.; et al.
Tirzepatide Once Weekly for the Treatment of Obesity. N. Engl. J. Med. 2022, 387, 205–216. [CrossRef]

42. Wilding, J.P.H.; Batterham, R.L.; Calanna, S.; Davies, M.; Van Gaal, L.F.; Lingvay, I.; McGowan, B.M.; Rosenstock, J.; Tran, M.T.D.;
Wadden, T.A.; et al. Once-Weekly Semaglutide in Adults with Overweight or Obesity. N. Engl. J. Med. 2021, 384, 989–1002.
[CrossRef]

43. Weiss, T.; Yang, L.; Carr, R.D.; Pal, S.; Sawhney, B.; Boggs, R.; Rajpathak, S.; Iglay, K. Real-world weight change, adherence, and
discontinuation among patients with type 2 diabetes initiating glucagon-like peptide-1 receptor agonists in the UK. BMJ Open
Diabetes Res. Care 2022, 10, e002517. [CrossRef]

44. Small, P.; Walton, P.; Mahawar, K.; Kinsman, R. The UK National Bariatric Surgery Registry 3rd Report; Dendrite Clinical Systems:
Reading, UK, 2020.

45. Desai, M.; Saligram, S.; Gupta, N.; Vennalaganti, P.; Bansal, A.; Choudhary, A.; Vennelaganti, S.; He, J.; Titi, M.; Maselli, R.;
et al. Efficacy and safety outcomes of multimodal endoscopic eradication therapy in Barrett’s esophagus-related neoplasia: A
systematic review and pooled analysis. Gastrointest. Endosc. 2017, 85, 482–495. [CrossRef] [PubMed]

46. Qumseya, B.J.; Wani, S.; Desai, M.; Qumseya, A.; Bain, P.; Sharma, P.; Wolfsen, H. Adverse Events After Radiofrequency Ablation
in Patients With Barrett’s Esophagus: A Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 14, 1086–1095.
[CrossRef] [PubMed]

47. Kwon, Y.; Lee, S.; Kim, D.; ALRomi, A.; Park, S.H.; Lee, C.M.; Kim, J.H.; Park, S. Biliopancreatic Limb Length as a Potential
Key Factor in Superior Glycemic Outcomes After Roux-en-Y Gastric Bypass in Patients with Type 2 Diabetes: A Meta-Analysis.
Diabetes Care 2022, 45, 3091–3100. [CrossRef] [PubMed]

48. Obermayer, A.; Tripolt, N.J.; Aziz, F.; Hogenauer, C.; Aberer, F.; Schreiber, F.; Eherer, A.; Sourij, C.; Stadlbauer, V.; Svehlikova,
E.; et al. EndoBarrier Implantation Rapidly Improves Insulin Sensitivity in Obese Individuals with Type 2 Diabetes Mellitus.
Biomolecules 2021, 11, 574. [CrossRef] [PubMed]

49. Koehestanie, P.; Dogan, K.; Berends, F.; Janssen, I.; Wahab, P.; Groenen, M.; Muller, M.; de Wit, N. Duodenal-jejunal bypass liner
implantation provokes rapid weight loss and improved glycemic control, accompanied by elevated fasting ghrelin levels. Endosc.
Int. Open 2014, 2, E21–E27. [CrossRef] [PubMed]

50. Yin, M.; Wang, Y.; Han, M.; Liang, R.; Li, S.; Wang, G.; Gang, X. Mechanisms of bariatric surgery for weight loss and diabetes
remission. J. Diabetes 2023, 15, 736–752. [CrossRef] [PubMed]

51. Perez-Pevida, B.; Escalada, J.; Miras, A.D.; Fruhbeck, G. Mechanisms Underlying Type 2 Diabetes Remission After Metabolic
Surgery. Front. Endocrinol. 2019, 10, 641. [CrossRef]

https://doi.org/10.1055/a-1244-2283
https://doi.org/10.1136/gutjnl-2020-323608
https://doi.org/10.1136/gutjnl-2019-318349
https://doi.org/10.1016/j.gie.2020.12.021
https://www.ncbi.nlm.nih.gov/pubmed/33359437
https://doi.org/10.1016/j.gie.2023.04.1244
https://doi.org/10.2337/db19-1131-P
https://doi.org/10.1146/annurev-bioeng-110220-023800
https://www.ncbi.nlm.nih.gov/pubmed/36854260
https://doi.org/10.1055/a-1319-5550
https://www.ncbi.nlm.nih.gov/pubmed/33225431
https://doi.org/10.1016/j.gie.2019.03.1129
https://doi.org/10.1016/j.gie.2017.07.009
https://doi.org/10.1007/s11695-023-06708-x
https://doi.org/10.1056/NEJMoa2206038
https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.1136/bmjdrc-2021-002517
https://doi.org/10.1016/j.gie.2016.09.022
https://www.ncbi.nlm.nih.gov/pubmed/27670227
https://doi.org/10.1016/j.cgh.2016.04.001
https://www.ncbi.nlm.nih.gov/pubmed/27068041
https://doi.org/10.2337/dc22-0835
https://www.ncbi.nlm.nih.gov/pubmed/36455123
https://doi.org/10.3390/biom11040574
https://www.ncbi.nlm.nih.gov/pubmed/33919949
https://doi.org/10.1055/s-0034-1365222
https://www.ncbi.nlm.nih.gov/pubmed/26134609
https://doi.org/10.1111/1753-0407.13443
https://www.ncbi.nlm.nih.gov/pubmed/37442561
https://doi.org/10.3389/fendo.2019.00641


Gastrointest. Disord. 2024, 6 190

52. Li, C.; Luo, J.; Jiang, M.; Wang, K. The Efficacy and Safety of the Combination Therapy With GLP-1 Receptor Agonists and SGLT-2
Inhibitors in Type 2 Diabetes Mellitus: A Systematic Review and Meta-analysis. Front. Pharmacol. 2022, 13, 838277. [CrossRef]

53. Ji, L.; Chan, J.C.N.; Yu, M.; Yoon, K.H.; Kim, S.G.; Choi, S.H.; Huang, C.N.; Tu, S.; Wang, C.Y.; Paldanius, P.M.; et al. Early
combination versus initial metformin monotherapy in the management of newly diagnosed type 2 diabetes: An East Asian
perspective. Diabetes Obes. Metab. 2021, 23, 3–17. [CrossRef]

54. Finer, S.; Robb, P.; Cowan, K.; Daly, A.; Robertson, E.; Farmer, A. Top ten research priorities for type 2 diabetes: Results from the
Diabetes UK-James Lind Alliance Priority Setting Partnership. Lancet Diabetes Endocrinol. 2017, 5, 935–936. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fphar.2022.838277
https://doi.org/10.1111/dom.14205
https://doi.org/10.1016/S2213-8587(17)30324-8

	Introduction 
	Bariatric Surgery, Type 2 Diabetes, and the Proximal Small Bowel 
	Targeting the Proximal Small Bowel with Endoscopy 
	Implantable Bypass Liners 
	Duodenal Mucosal Ablation 
	Emerging Duodenal Ablation Technologies 
	Anastomotic Devices 

	Drug Therapy and Endoscopy 
	Discussion 
	Conclusions 
	References

