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INTRODUCTION
ith prevalence of type 2 diabetes and
Wmetabolic dysfunction-associated steatotic
liver disease (MASLD) rising in parallel,
there is an increased need for alternatives to
surgical and pharmacological treatments for these
conditions.! Pharmacologic therapy can achieve
good results in many patients, but for those
with side effects, rising costs, or difficulty with
adherence, the main alternative is bariatric surgery
(which comes with significant cost and risk).!”
Duodenal mucosal resurfacing (DMR) offers a
less invasive alternative to bariatric surgery without
the side effects and inconvenience of medication
for patients with type 2 diabetes and MASLD."
The duodenum is targeted in DMR because it
is a major site of nutrient sensing and signaling
in the gastrointestinal tract.>** The combination
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of bile acids, lipases, and incretin hormones help
to control glucose levels in the blood and liver.
Bariatric surgeries that bypass the duodenum or
regulate the flow of nutrients into the duodenum
show rapid improvements in glycemic control,
making the duodenum a plausible site contributing
to metabolic dysfunction.!’

DMR is an endoscopic procedure that targets
the superficial mucosa of the descending and
inferior duodenum.® The ablation of the mucosa
is thought to reset the nutrient sensing and improve
glycemic control." There is complete regrowth of
the mucosa with minimal scarring and collagen
deposition, suggesting the metabolic benefits are
not structural.'?

DMR is still under investigation, but early
human feasibility studies and safety data show
promising evidence. There have been consistent
decreases in HbAlc and improved insulin
sensitivity at follow-up, though these have not been
studied long term.'> As MASLD is closely linked to
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insulin resistance and type 2 diabetes, DMR is being
investigated as a potential adjunctive treatment with
GLP-1 agonists and lifestyle modifications.'* Early
evidence suggests that DMR has been associated
with a decrease in liver lipid measurements, but
this is still investigational.'* There are also multiple
different technologies for DMR that are emerging,
but have not been compared head-to-head.

Physiology and Pathophysiology
of the Duodenum

Altered nutrient sensing pathways in the duodenum
have been implicated in the development of insulin
resistance and fatty liver disease, forming the basis
for duodenal mucosal resurfacing as a targeted
endoscopic intervention. Following a meal, there
is a rise in the concentration of nutrients in the
duodenum that are subsequently absorbed in the
small bowel and released into the bloodstream.

Lipids are initially digested by lipases
released by the stomach and pancreas, with a
small contribution from salivary lipases. The
presence of fatty acids and monoglycerides in the
duodenum triggers the release of CCK from I-cells.
CCK stimulates contraction of the gallbladder and
release of bile acids into the duodenum.? Bile acids
help to emulsify the lipids, providing more surface
area for lipases, and they also trigger the release
of glucagon-like peptide-1 (GLP-1) from L-cells.’
GLP-1 helps to stimulate the release of insulin from
the pancreas while also delaying gastric emptying
and contributing to satiety, acting as a negative
feedback mechanism.*

Digestion of carbohydrates starts with
salivary lipase, but this enzyme is quickly
deactivated in stomach acid. The majority of
carbohydrate digestion occurs in the small bowel
via a combination of pancreatic amylase and
brush border enzymes. Production and release of
pancreatic amylase is stimulated by CCK. Starches
and sugars are broken down into monosaccharides
and are absorbed across enterocytes.’

The main regulation of carbohydrate
absorption is through nutrient sensing that adjusts
the number of glucose transporters (SGLT-1 and
GLUT-2) on the surface of enterocytes. The main
nutrient sensors are TIR2 and T1R3 which are
sweet taste receptors located on enterocytes and
enteroendocrine cells. Activation of T1R2 and
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T1R3 increases GLUT-2 insertion into the apical
membrane and SLGT-1 expression. In addition,
it activates GLP-1 and GLP-2 levels to decrease
the rate of gastric emptying. SLGT-1 also acts as
a carbohydrate sensor that increases GLUT-2 and
stimulates GLP-1 release.?

Systemic glucose levels are regulated through
insulin and glucagon. Insulin is released following
meals and it stimulates the uptake and storage of
glucose. Glucagon opposes the action of insulin
and is released during fasting to raise blood glucose
levels.®

In patients with type 2 diabetes and metabolic
dysfunction-associated steatotic liver disease
(MASLD) there is an exaggerated nutrient sensing
response caused by mucosal hypertrophy, altered
chemosensory receptor activity, and increased
nutrient transporter expression. This impairs the
regulation of glucose output from the liver and
decreases sensitivity to insulin.” These signaling
changes are thought to contribute to the development
and progression of type 2 diabetes and MASLD and
form the basis for DMR. DMR aims to normalize
these signaling pathways in the duodenum to
augment the disease progression. DMR is thought
to improve the signaling in the duodenum through
ablating the tissue with dysfunctional signaling to
act as a “reset” for the mucosa.

DMR Techniques, Devices,
and Procedural Details

Hydrothermal DMR

Hydrothermal DMR starts with the injection of a
saline solution into the duodenal submucosa to lift
the submucosa. This provides a barrier to prevent
damage to the underlying muscularis propria and
creates an even surface to ablate. Hydrothermal
DMR uses a Revita catheter (Fractyl Health, Inc,
Burlington, MA, USA) that has three submucosal
injectors and a 2 cm balloon on the end. The
balloon uses heated water to ablate the surface of
the mucosa. The water inside the balloon reaches
80°C and ablates the surface of the mucosa for 10
seconds. The mucosa only requires one ablation
before being advanced to the next segment of the
duodenum until 10 cm of the duodenum has been
treated. The ablation induces coagulative necrosis
in the mucosal cells which form the most superficial
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0.6mm of the duodenal wall. The muscularis
propria lies at 1.0mm depth, and the ablation is not
strong enough to disrupt that layer. The treatment
is performed distal to the major duodenal papilla
to ensure its safety.® (Figure 1)

Prior to performing DMR, an upper endoscopy
is required to evaluate the patient’s anatomy and
exclude diseases of the mucosa such as duodenitis
with ulcers, celiac disease, etc. Other conditions that
may be contraindications to DMR include strictures,
varices, and gastroduodenal ulcers, in addition to
those previously mentioned. It is recommended that
the wall of the duodenum be marked contralaterally
to the major duodenal papilla to provide a proximal
margin for treatment. A 0.035” guidewire should
be passed to the proximal jejunum to act as a guide
for the DMR catheter. Fluoroscopy can be utilized
to ensure that the placement of the guidewire is
correct. The Revita catheter can be placed over the
guidewire and positioned just distal to the major
duodenal papilla. For direct visualization during
the procedure, an endoscope can be positioned in
the duodenum just proximal to the balloon on the
catheter. The gross appearance of the duodenum
should be evaluated following the procedure to
ensure the entire segment has been ablated. There
are five ablation cycles to complete one treatment
of 10cm of the duodenum.

Following the procedure, patients are generally
discharged the same day or after an overnight
hospitalization. Patients are prescribed a diet
after the procedure that slowly advances from
clear liquids to solid foods over two weeks during
healing of the mucosa.’ After the two-week diet
progression, patients should be counseled on
important dietary changes that can help manage
glucose control.”

The ideal candidate for DMR is between age 28
and 75 with type 2 diabetes and a HbA 1c between
7.5% and 10%, a body mass index (BMI) between
24-40 kg/m? and preserved intrinsic insulin
production. There are several contraindications for
DMR including type 1 diabetes, low endogenous
insulin production, previous gastrointestinal
surgery that prohibits access to the duodenum,
history of acute and chronic pancreatitis, history of
duodenal inflammatory disease such as Crohn’s or
Celiac disease, or anticoagulant therapy that cannot
be discontinued. It is important that endogenous
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insulin production is maintained because the goal
of DMR therapy is to improve insulin sensitivity,
and those without endogenous insulin production
may not benefit from the procedure."

Laser Duodenal Ablation

An emerging alternative to Hydrothermal DMR 1is
Laser Duodenal Ablation using the Digma System
(Digma Medical Ltd., Givat Shmuel, Israel). The
Digma system consists of a control console and
a single use catheter that is compatible with the
working channel greater than 3.7 mm. The catheter
uses a polyethylene terephthalate (PET) balloon
that inflates to distend the duodenum. A continuous
wave 5-15 W laser then delivers a focused beam
to the duodenum, ablating 6 cm of the mucosa
circumferentially per ablation cycle. The treatment
starts at the duodenojejunal flexure and moves
proximal, with up to seven ablations in three to
four positions, ablating a total of 24 cm of the
duodenal mucosa.'?

Irreversible Electroporation (IRE)

Mucosal Ablation

Irreversible Electroporation (IRE) is an alternative
to thermal ablation and uses pulsed electrical fields
to create pores in cell membranes and induce
apoptosis. The pulsed electrical fields of IRE also
induce the renewal of the duodenal mucosa. The
combination therapy is called recellularization via
electroporation therapy (ReCET), performed using
the Endogenex system (Endogenex Inc, Plymouth,
Minnesota, USA). To perform ReCET, a guidewire
is placed into the jejunum endoscopically. The
position is confirmed using fluoroscopy and then
the Endogenex catheter is introduced over the
guidewire to the 2" section of the duodenum.
The ablation is performed proximally to distally,
starting just distal to the major duodenal papilla.
The catheter ablates 2 cm and two-thirds of the
circumference of the duodenum at a time. The total
segment of the duodenum that is treated is 10 cm."

Mechanism of Action

DMR ablates the mucosa and is thought to provide
a reset for the signaling of enterocytes back to a
healthier phenotype.'* This procedure allows for
regrowth of the mucosa with minimal scarring

(continued on page 26)
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and has shown significant decreases in HbAlc and
blood glucose at follow-up.'? The mechanism of
resulting decrease in HbA 1c and blood glucose is
uncertain, but is thought to be related to changes
in enteroendocrine signaling. In follow-up
histological evaluation, there was no change in the
density of L and K cells after DMR, which are a key
source of GLP-1 and GIP." This could mean that
the mechanism of DMR alters hormonal signaling
or cellular function rather than enteroendocrine
cell number. There do not appear to be any
structural changes to the mucosa, suggesting that
the metabolic benefits of DMR are not mediated
by structural damage or by inflammation."

Western blot molecular analysis showed
increased expression of PDZK1 and GATA®6,
which are involved in epithelial differentiation and
nutrient signaling.'* This supports the hypothesis
that DMR provides a reset for the duodenal
mucosa which improves glucose homeostasis and
downstream metabolic signaling.

Following DMR, there are significant decreases
in insulin, glucagon and C-peptide levels in the
blood. There are also significant decreases in
postprandial glucose and glucagon concentrations.'?

DMR is being investigated as a potential
adjunctive therapy for non-alcoholic steatohepatitis
(NASH) as there are limited treatment options
beyond lifestyle modifications and pharmacologic
therapy with agents such as GLP-1 agonists.
Bariatric surgery is an option for some patients
with NASH, but there are higher levels of surgical
complications and morbidity in patients with
cirrhosis, most of whom would be denied surgical
therapy on these grounds.'® Current studies indicate
there is improved glycemic control following
DMR, but further studies are needed to show if
there is a benefit in NASH.'

Combination Therapy with

GLP-1 Receptor Agonists

With DMR acting locally to increase insulin
levels in the blood and GLP-1 receptor agonists
acting systemically to increase insulin secretion,
the combination has potential to reduce insulin
dependance and enhance glycemic control in patients
with type 2 diabetes.> > Early clinical studies have
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Figure 1. 1a. Endoscopic view of duodenum before

performing hydrothermal DMR
Images courtesy of Dr. Sigh Pichamol Jirapinyo

combined hydrothermal duodenal ablation with
liraglutide or irreversible electroporation with
semaglutide. All three studies included patients
between ages 28 and 75 with type 2 diabetes on
basal insulin with an HbA lc less than 8.0%.'3!¢17
The primary endpoint of all studies was the number
of patients following DMR that were able to stay
off of basal insulin with adequate glycemic control
defined as an HbA1c of less than 7.5%. Of the 16
patients that underwent hydrothermal DMR with
liraglutide, 11 of them (69%) had adequate control
at 6 month follow up.'®'” At 18 month follow up,
8 patients (53%) remained off insulin therapy.'® A
total of 14 patients underwent IRE with a range of
electroporation doses from one 600V treatment to
two 750V treatments."* At 12 month follow up, 12
patients (86%) did not require insulin therapy, with
the two patients needing basal insulin having only
one 600V dose of electroporation. '

Safety and Adverse Events

Overall Safety Profile in Trials

DMR is generally well tolerated, with studies
reporting mostly mild adverse events including
nausea and abdominal pain following the
procedure.”!* In animal studies, there were no
adverse events following the procedure, with only a
mild inflammatory response noted in the duodenal
mucosa. Histologically, the mucosal healing
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Figure 1b. The Revita DMR catheter as viewed
endoscopically during a DMR procedure

process was completed within six weeks. Some
animals displayed increased collagen deposition
in the submucosa of the treated region, but they
displayed no functional limitations.”

In the first in human study of DMR with 29
patients, there were no adverse events reported
during the procedure. Postprocedural adverse
events were limited, with three patients out of
the 29 experiencing duodenal stenosis following
the ablation, that were treated using endoscopic
dilation. The duodenal stenosis was determined to
be caused by inadequate submucosal lift.” There
was complete regrowth of the mucosa observed
at three months following the procedure in all 29
patients. There were 11 patients out of 29 that had
evidence of low-to-intermediate fibrosis.’

In follow up clinic visits, there were transient
and mild adverse events immediately following
the procedure, most commonly abdominal
pain, diarrhea, hyperglycemia, hypoglycemia,
nasopharyngitis, and headache.'” On follow-
up endoscopy 30 days after the procedure, the
duodenum exhibited complete healing. After 30
days of healing, the most common adverse events
were hypoglycemia and abdominal pain.!® There
were no reported duodenal strictures and one
instance of jejunal perforation that was caused by
manipulation of the endoscope.'® There were also
no clinical signs of pancreatitis, malabsorption,
anemia, or infection.'’
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Figure 1c. Appearance of the duodenum after DMR
procedure

Long-Term Safety

Long-term safety profiles are still being developed,
as DMR is an emerging/experimental procedure.
After two years following DMR, trials indicate that
the procedure was well tolerated with no device
or procedure related serious adverse effects.'® Of
the 46 patients that were followed, there were
two reported adverse events that could have been
linked to the procedure including one patient with
constipation and one patient with general malaise
and vitamin B12 deficiency.'” A larger sample size
and a longer follow-up will be necessary, as data
is very limited.

Comparative and Alternative Therapies

Bariatric Operations and Foregut Surgeries
Roux-en-Y gastric bypass and sleeve gastrectomy
are bariatric surgical procedures that improve
glycemic control and decrease weight in patients
with type 2 diabetes and obesity."” A Roux-en-Y
gastric bypass is a restrictive and malabsorptive
bariatric surgical procedure than involves
bypassing the majority of the stomach and the
whole duodenum to reduce food intake to promote
weight loss.?*?! A sleeve gastrectomy involves
removing 80% of the stomach along the greater
curvature to promote early satiety and decrease
the release of the hormone ghrelin that stimulates
hunger signals.*
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Bariatric surgeries such as the Roux-en-Y
gastric bypass and sleeve gastrectomy are indicated
for people with a BMI of 35 kg/m? or greater or a
BMI of 30 kg/m?* with type 2 diabetes.'® Gastric
bypass has been shown to provide long-term control
of type 2 diabetes with decreased antidiabetic
medicine use and higher rates of type 2 diabetes
remission.” There is a possibility of severe adverse
events following gastric bypass surgery including
bleeding, infection, and bowel leaks following
the procedure. There can also be long-term issues
afterwards such as dumping syndrome, nutritional
deficiencies, gallstones, ulcers, and strictures.?*

While DMR aims to control blood glucose,
Roux-en-Y gastric bypass and sleeve gastrectomy
provide glycemic control while also controlling
weight. Roux-en-Y gastric bypass causes greater
weight loss than sleeve gastrectomy, but they
provide similar improvements in glycemic
control.'® Roux-en-Y gastric bypass can also help
control symptoms of acid reflux. Both procedures
encourage caloric restriction which aids in glycemic
control, but they also alter nutrient flow, absorption,
and incretin hormone release.'® Altered nutrient
flow and incretin hormone release are also thought
to be the basis for DMR."

Pharmacologic Therapies
Pharmacologic therapies to provide glycemic
control in patients with type 2 diabetes are
alternatives or supplements to DMR that act
through a variety of metabolic pathways. GLP-1
receptor agonists such as semaglutide and GLP-
1/GIP agonists such as tirzepatide mimic the
naturally occurring incretin hormone GLP-1 that
is released from L-cells and GIP released from
K-cells. Semaglutide and tirzepatide augment
insulin and glucagon secretion while also slowing
gastric emptying and decreasing caloric intake.?
Slowed gastric emptying and decreased caloric
intake result in decreased HbAlc and significant
weight loss.”” These medications augment the
same hormonal pathways that are hypothesized
to decrease HbA1c levels in DMR."* Both bariatric
surgery and pharmacologic treatment cause weight
loss, while weight changes following DMR
have been modest and not always statistically
significant.'®?¢ There is variability between cohorts
and further studies would need to be completed to
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quantify the weight changes following DMR. It
seems likely that, if widely implemented, DMR
would often be used alongside GLP-1 agents.

Conclusion: Evidence Gaps,
Limitations, and Research Priorities

As DMR is still an emerging and, to some extent,
experimental procedure, clinical trial data is
extremely limited. There is a need for trials in
more patients to establish significant safety data
for the procedure as well as examine the outcomes
of'a larger cohort. Trials have had varied inclusion
criteria including HbAIc range, insulin use, and
BMI. By standardizing the patient population,
it allows for greater pooling of the data and
comparison of results between trials.

Establishing long term safety and efficacy of
DMR is difficult with trials for long term follow-
up limited to 2 years and cohorts of less than 50
patients. Additional long-term follow-up data need
to become available, and additional studies need
to be done to increase the sample size.

The significant uncertainty about the
mechanism of DMR needs to be investigated.
By understanding the exact mechanism by which
DMR improves metabolic outcomes, the procedure
can be refined to be as least invasive as possible
as well as more targeted. This can help determine
the ideal candidate, the most effective treatment
length as well as treatment frequency. Long term
adverse events and metabolic changes need to be
further elucidated.

Head-to-head comparisons between
hydrothermal ablation and IRE have not been
performed at this time but having trials of this
type would help to clarify safety profiles of each
modality. This could help direct further device
development and provide future guidelines for
treatment. W
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