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A novel approach for diabetes: recent
evidence on endoluminal liners

Héctor Romero-Talamas' & Stacy A Brethauer*

B Two modern pandemics, obesity and diabetes, are considered the most significant causes of morbidity
and mortality in the 21st century.

There is a strong association between obesity and diabetes and they need to be managed in tandem for
many patients.

B Bariatric surgery has proven to be the only durable effective therapy for patients with severe obesity and
related comorbidities.

Practice Points
| |

B Procedures that bypass the foregut and deliver the nutrients directly to the distal bowel have a favorable
metabolic effect on glucose homeostasis.

B Several novel endoscopic therapies are available for the treatment of morbid obesity. Only the
endoscopic duodenal-jejunal liner has been designed to replicate the effect of the surgical
duodenal-jejunal bypass.

B Although promising, the endoscopic duodenal-jejunal liner is still an investigational device.

SUMMARY  The obesity-diabetes pandemic is a devastating contemporary public
health issue that for decades has been steadily on the rise. As knowledge and experience
have been progressively acquired, numerous strategies and techniques for its management
have arisen. Currently, only surgical treatment offers significant and durable results in
terms of weight loss, and remission or improvement of comorbidities. With the objective
of offering less invasive alternatives, several endoscopic devices have been introduced.
Only the endoscopic duodenal-jejunal liner effectively simulates the bypass component of
certain bariatric procedures. Initially designed for weight loss, this endoluminal artifact later
proved to also provide a powerful metabolic effect. Although it is still in an investigational
phase, the device is a promising tool for the treatment of obesity.

In the last few decades, increasing recognition has 235 kg/m?in the presence of associated comor-
been given to the obesity pandemic. The 1991  bidities [1]. Individuals that meet these criteria
NIH consensus conference statement on gas- have an increased risk of associated morbidity
trointestinal (GI) surgery for severe obesity has  and mortality and are, therefore, offered surgical
defined morbid obesity as a BMI of 240 kg/m? or  therapy, the only durable therapy for this disease
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that is currently available. The mean BMI for
the global citizen has been increasing steadily
since 1980. The dimension of the disease has
reached such an alarming point that by 2008,
502 million adults in the world were obese [2],
and even though different strategies have been
implemented to stop this trend, no country has
developed an effective preventative or treatment
system to combat this illness (3]. During the same
time period, the prevalence of diabetes world-
wide has followed a similar pattern. It is now
estimated that the number of adult diabetic sub-
jects doubled from 1980 to 2008, affecting more
than 300 million individuals [4]. A total of 60%
of these cases are directly attributable to weight
gain [5]. This emphasizes the close relationship of
these two pathological entities in the modern era.

As would be expected, the appearance and
growth of these public health issues have led to
the development of numerous innovations and
strategies intended for their management. Bar-
fatric surgery has proven to be a safe and effec-
tive therapy for the morbidly obese, producing
durable weight loss and control of obesity-related
comorbidities [6]. The most recent evidence shows
that obese patients with poorly controlled Type 2
diabetes mellitus (T2D) who undergo a bariatric
procedure achieve significantly better glycemic
control than those that receive intensive medical
therapy [7]. While complication rates and mortal-
ity after bariatric surgery are extremely low in the
modern era, there is still a widely held perception
that bariatric surgery is risky and should only
be utilized as a last resort. Major complication
rates after bariatric surgery occur in less than
5% of patients and postoperative mortality rates
in large population studies are reported as 0.3%
or less [8.9]. These rates are far less than many
other elective operations today and are consistent
with commonly performed procedures, such as
laparoscopic cholecystectomy and elective hip
arthroplasty [10,11].

Regardless of the current safety data, many
physicians are reluctant to refer patients for
bariatric surgery and many patients are not
interested in this option. It is, therefore, nec-
essary that innovative, less invasive approaches
are developed to manage both obesity and dia-
betes. The ideal intervention would, therefore,
produce similar metabolic effects to surgery
without the risk of surgical complications. In
an effort to produce this technology, several
endoscopic devices have been developed, aim-
ing to mimic the complex effects of the bariatric
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operations. In this article, the authors will focus
on the novel endoscopic devices that were
designed to modify the physiology of the GI
tract, providing an effective endoscopic option
for the management of diabetes mellitus.

Classification

Traditionally, bariatric procedures have been
classified in three broad categories: restrictive,
malabsorptive or mixed. This terminology has
largely fallen out of favor as it is overly simplistic
and does not represent our current knowledge
of these operations. While some procedures
only produce gastric restriction (gastric band-
ing), other procedures, such as sleeve gastrec-
tomy, reduce gastric volume and also produce
gut hormone changes that effect hunger, satiety
and glucose homeostasis. In gastrojejunal bypass
(GJB), a diverting route between the stomach
and the distal bowel is created after surgical
exclusion of the duodenum has been achieved.
This allows food to have early contact with this
portion of the intestine. Gastric bypass adds a
restrictive component to the bypass of the proxi-
mal bowel that is responsible for many of the
metabolic effects of the operation. Biliopancre-
atic diversion and duodenal switch procedures
cause nutrient malabsorption, but also have a
restrictive component and metabolic mecha-
nisms that affect diabetes. For this review, we
will limit the endoluminal categories to gastric
restriction and metabolic types of procedures.

Mechanisms

Two operations have taught us about the meta-
bolic consequences of bypassing the proximal
gut: the GJB and the Roux-en-Y gastric bypass
(RYGB). The GJB has been clinically tested,
mostly in small studies of low-BMI patients,
with a relatively short follow-up. The major-
ity of these studies have shown significant
improvement in patient glycemic status [12-14].
This effect is achieved through a weight loss-
independent mechanism. This phenomenon is
supported by the absence of significant weight
loss but also by other factors, such as the lack
of improvement in insulin resistance [14] and
the moderate increase in serum C-peptide that
occurs a few months after the operation [13].
However, the positive impact that RYGB has
on T2D has been repeatedly demonstrated in
clinical studies over the last 20 years. Several
authors have reported high rates of partial or
total remission [6,7.15,16]. This is particularly true
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for individuals with diabetes of shorter dura-
tion [16]. Similar to the duodenal—jejunal bypass
(DJB), patients who undergo RYGB can have
normalization of their glycemic status within a
few days of the operation; even before consid-
erable weight loss takes place (15]. This weight
loss-independent effect has been the focus of
much research to find targets of therapy that
do not require surgery. In 2004, Rubino and
Marescaux, published a study involving non-
obese, diabetic rats who underwent GJB [17].
In this study, glucose tolerance improved when
nutrient flow was excluded from the duodenum
and proximal jejunum. This occurred without
weight loss. The findings of this study provided
evidence that exclusion of nutrient flow through
the duodenum and proximal bowel plays a role
in glucose homeostasis after these procedures.
Incretins, such as gastric inhibitory peptide and
GLP-1, are key factors in the rapid changes in
glucose control after bypass procedures. Rubi-
no’s foregut theory proposed that, by bypass-
ing the proximal part of the intestine, an ‘anti-
incretin’ mechanism present in diabetic patients
is then turned-off [18). However, the hindgut
theory suggests that improvement in glycemic
parameters results from an early stimulation
of the distal bowel that, in turn, promotes the
early, exaggerated secretion of GLP-1 from the
L cells in the distal ileum [19]. Newer operations,
such as the sleeve gastrectomy, seem to produce
metabolic changes through a hindgut effect [20].
The two mechanisms are not mutually exclusive
and both are likely to contribute to the overall
effects that are seen clinically. To further eluci-
date the relative contribution of each, however, a
number of experimental models for selective gut
stimulation have been designed [21-24]. In one of
these studies, the authors assigned a number of
Goto—Kakizaki rats to receive one of the three
designed operations. The first group underwent
a DJB to effectively exclude the passage of food
through the proximal bowel. The second group
was submitted to a standard gastro-jejunostomy
with the purpose of allowing the food to come
in contact with the distal bowel in an early
phase without entirely bypassing the proximal
segment. Finally, the third group received an
ileal bypass to avoid the passage of the bolus at
the level of the distal bowel. As expected, the
animals that underwent the DJB showed signifi-
cantly better glucose homeostasis in the postop-
erative period even when no differences in food
intake, body weight or nutrient absorption was
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seen among all groups. Interestingly, when sur-
gical exclusion of the foregut was added to the
animals in the gastro-jejunostomy group, the
previously unchanged glycemic status rapidly
improved. The same phenomenon was inversely
observed when surgical restoration of duodenal
transit was performed in the DJB group [22).
An interesting experimental study by Rubino
et al. was also based on the concept of duode-
nal exclusion [25]. The design included three
groups of Goto—Kakizaki rats assigned to surgi-
cally receive an endoluminal duodenal sleeve, a
fenestrated equivalent or a sham procedure. The
group that received the nonfenestrated endolu-
minal sleeve showed significant improvement of
glucose tolerance over the other two groups that
were subjected to pair-feeding. These rudimen-
tary models were used to establish the princi-
ples that later led to the development of current
endoluminal technology [25]. Although these
findings strongly support the role of the proxi-
mal bowel in the improvements in T2D after
bypass procedures, other metabolic pathways
that implicate different neuro—hormonal jeju-
nal signaling processes have been proposed as
primary glucose-regulating mechanisms [26-28].
These newly recognized mechanisms are clear
evidence that the physiology of glucose control
in subjects that have undergone a bypass pro-
cedure is extremely complex and multifacto-
rial. They also provide solid proof that glucose
regulation occurs, at least partially, independent
of weight loss. Despite the increasing amount
of available data, the conclusions from these
experimental studies are heterogeneous and
more precise mechanistic studies are necessary.

Available devices

Of the available novel endoscopic devices being
developed to treat obesity, only two were specifi-
cally designed to mimic the metabolic effects of
a gastric bypass and thus are considered suitable
for the treatment of T2D. The EndoBarrier™
(GI Dynamics Inc., MA, USA), an endoscopic
duodeno—jejunal liner (EDJL), has been the
most widely tested device in humans in this area.
A second device, the Valentx® (ValenTx Inc.,
CA, USA) is still at a very early stage of devel-
opment. This endoluminal sleeve is implanted
endoscopically with laparoscopic assistance. The
Valentx has been designed to mimic both the
restrictive and malabsorptive components of the
RYGB, but in its current form requires laparo-
scopic assistance for placement (Figure 1). The
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Figure 1. The Valentx® (ValenTx Inc., CA, USA) is an endoluminal gastrointestinal
sleeve that is designed to be restrictive and malabsorptive. Implantation is
performed endoscopically, assisted by laparoscopy. The device is anchored at

the level of the gastroesophageal junction to allow bypassing of the stomach,
duodenum and part of the jejunum.

Image courtesy of ValenTx Inc. (CA, USA).

first human study suggests that it is a safe device
that will offer good results in terms of weight
loss [29].

® EndoBarrier

The EndoBarrier is a thin and flexible liner made
of a fluoro-polymer that is impermeable to nutri-
ents (Figure 2). This endoluminal ‘sleeve’ mea-
sures 60 cm in length and is intended to cover
the duodenum and the proximal segment of the

Figure 2. The EndoBarrier™ (Gl Dynamics Inc., MA, USA) is an endoscopic
duodenal-jejunal liner designed to mimic the metabolic effect of the

duodenal-jejunal bypass.

Image courtesy of GI Dynamics Inc. (MA, USA).
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jejunum. The device is placed endoscopically
and is anchored at the level of the duodenal
bulb by deploying a self-expandable metallic
stent that is integrated in the proximal aspect
of the liner (Figure 3). This placement of the
device allows the biliopancreatic secretions to
transit freely from the papilla outside of the bar-
rier without coming into contact with ingested
nutrients until they both have reached the end of
the liner. This is an especially attractive choice
for patients who are interested in the benefits
of a bariatric operation but are unwilling to
undergo an operation. Currently, the EndoBar-
rier is considered a temporary therapy, designed
to be used continually for up to 12 months. Tri-
als with longer placement of the device are being

planned.

® |[mplantation & explantation technique
The device is placed using a standard endo-
scope under sedation or general anesthesia.
After a guidewire is placed into the duode-
num, the device is placed in the lumen over
the wire and the sleeve is advanced distally
into the jejunum using a pushing device under
fluoroscopic guidance. The anchoring system
is then deployed to secure the proximal end
of the liner in the duodenal bulb. With some
experience, the procedure can be performed in
less than 30 min. For explantation, an endo-
scopic grasper is advanced through the work-
ing channel and is used to pull on one of the
drawstrings attached to the stent anchoring
mechanism. This maneuver collapses the self-
expanding anchor system to allow its place-
ment inside a retrieval chamber on the end of
the endoscope [30-32].

® Data on endoluminal barrier

The initial feasibility studies for the placement of
the endoscopic duodenal sleeve were conducted
in a porcine model in 2008 [33,34]. Each experi-
ment evaluated a safety and feasibility at differ-
ent time points. They were able to demonstrate
that implantation and explantation were safe in
an animal model (34]. However, the implanted
device developed anchoring malfunction on sev-
eral occasions while in place for a longer period
of time and this prompted modifications of the
anchoring system. No significant morbidity or
tissue damage was observed [33]. After initial
safety and feasibility were effectively demon-
strated, these studies set the stage for a number
of human trials.
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® Human studies

Early experience & preliminary data

The first reported case of successful placement
of the endoluminal duodenal-jejunal liner in the
USA was published in 2007. The authors reported
no complications related to the procedure and
the patient tolerated the device without com-
plaints for a total of 3 months. Significant weight
loss was observed after this time (9.09 kg) [30].
The first human prospective series was presented
soon after that and involved 12 patients (seven
females and five males) with a mean BMI of
43 kg/m?. Four patients in this initial trial had
T2D. A total of ten individuals tolerated the liner
for 12 weeks. The two premature device retriev-
als took place 9 days after the implantation and
occurred because of abdominal pain. In the
remaining subjects, several episodes of nausea,
vomiting and abdominal pain were observed,
especially during the first week. However, no
severe complications were reported. The inves-
tigators observed that there was normalization of
blood glucose in three of the four diabetic sub-
jects that occurred 24 h after implantation [31].
In an effort to add a restrictive mechanism to
the liner, a similar study with the addition of
a ‘restrictor’ orifice to slow the transit time was
conducted in ten patients with an average BMI
of 40.8 + 4 kg/m?. As before, the device was
left in place for 12 weeks. The ‘restrictor’ was a
4 mm wide inlet situated proximally in the liner.
Using scintigraphic studies, the team showed a
significant delay in gastric emptying, however,
the majority of the patients experienced nausea,
vomiting and abdominal pain, which required
endoscopic dilation of the restrictive orifice. The
average excess weight loss percentage (EWL%)
at 12 weeks was 40 = 3% [35]. Finally, during
this early experience phase, a small-randomized
study (EDJL vs sham) evaluating the effect of
the EDJL on T2D was published with promising
results [36]. The study included 18 obese subjects
(BMI230-<50 kg/m?) subjects with T2D of less
than 10 years duration, an HbAlc 27-<10% and
a fasting glucose <240 mg/dl. Although origi-
nally planned for 24 weeks, the treatment period
was extended to 52 weeks for safety analysis. The
baseline caloric intake of all individuals was
determined by a survey and then maintained
for the first 2 weeks after the endoscopy. After
this period, all patients received counseling on
adequate dieting and lifestyle. By week 1, the
EDJL arm experienced a difference in glucose
levels of -55 + 21 mg/dl while the patients in the

REVIEW

Figure 3. Anatomical configuration of the EndoBarrier™ (Gl Dynamics Inc., MA,

USA). Notice the anchoring system at the duodenal bulb.

Image courtesy of GI Dynamics Inc. (MA, USA).

sham group had an increase of 42 + 30 mg/dl. At
week 24, the change in HbAlc was -2.4 + 0.7%
in the intervention group versus a -0.8 = 0.4%
in the sham group. A total of 30% of the EDJL
group suffered from upper abdominal pain
and 10.8% from nausea. There were no major
complications.

Clinical trials

The EDJL has been primarily tested in South
America (Brazil and Chile), USA and Europe
(The Netherlands). So far, the best available data
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come from two prospective nonrandomized,
noncomparative trials and three randomized,
controlled trials. The first study enrolled 42 sub-
jects with a mean BMI of 43.7 + 5.9 kg/m?. In
three patients implantation was not achieved due
to anatomical problems (short duodenal bulb).
Twenty-four completed the 1-year follow-up, the
rest underwent early explantation due to anchor
dislodgement (n = 8), device obstruction (n = 3),
abdominal pain (n = 2), acute cholecystitis
(n = 1) and patient request (n = 1). Total weight
loss for completers at 52 weeks was 22.1 + 2.1 kg
(p < 0.0001) or a 47.0 + 4.4 EWL%. In the six
diabetic patients, the change in HbAlc was
-1.4 + 0.6% (p = 0.0525). No severe associ-
ated complications were observed [37]. A more
metabolic-focused trial was conducted with the
participation of 22 T2D subjects. This popula-
tion had a mean age of 46.2 + 10.5 years, a mean
BMI of 43.7 + 5.9 kg/m? and was followed for
52 weeks. The device was successfully implanted
in all patients. Only 13 patients completed the
l-year follow-up with device migration being
the main reason for explantation (n = 3). There
was one GI bleed that took place 4 weeks after
placement. In the completers’ group at 52 weeks,
change in fasting glucose was -37.1 + 11.8 mg/d],
-2.3 + 0.3% in HbAlc and -10.1 + 4.2 uU/ml
in insulin levels. All parameters reached statisti-
cal significance. Upper abdominal or back pain,
nausea and vomiting were frequent but usually
mild [38]. The first randomized controlled trial
tested the EDJL for short-term weight loss as
the primary end point. Two arms, the EDJL
(n = 25) and the control (n = 14) received base-
line counseling on diet and behavior modifi-
cation. A total of 80% were able to complete
the 3-month follow-up with the liner in place.
The treatment group had an EWL% of 22%),
in comparison with a 5% in the control group.
The early device removals occurred because of
upper GI bleeding (n = 3), migration (n = 1) and
obstruction (n = 1) [39]. A multicenter trial stud-
ied 41 morbidly obese patients, of whom 30 were
randomly allocated to the EDJL and 11 served
as controls. In four individuals, the device could
not be implanted for technical-anatomical rea-
sons and four individuals had to undergo early
explantation due to migration, dislocation of the
anchor, upper abdominal pain and obstruction.
All patients experienced at least one episode of
mild abdominal pain or nausea but these symp-
toms occurred more frequently in the first week
and then typically subsided. At 3 months, the
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mean EWL% was 19, compared with 6.9 in the
control group (p < 0.002). Six out of the eight
T2D patients in the EDJL arm were able to lower
the dosage of their oral antidiabetic medication
and insulin in 1 week [40]. The only multicenter,
randomized, sham controlled trial was published
in 2010. The study enrolled 41 patients distrib-
uted in two groups: the EDJL (n = 21) and the
sham (n = 26). Implantation was unsuccessful
in four individuals, three because of a short duo-
denal bulb and one because of endoscopist inex-
perience. All patients were counseled on their
diet. Thirteen (EDJL) and 24 (sham) patients
completed the 3-month follow-up. Early explan-
tations were necessary because of GI bleeding
(n = 3), nausea and vomiting (n = 2), and
abdominal pain (n = 2). At this point, the EDJL
group achieved an 11.9 + 1.4 EWL% versus a
2.7 2.0 EWL% in the sham arm (p < 0.05) [41].
Recently, Cohen ez al. published their experience
on the metabolic effects of this therapy in low
BMI patients. They enrolled 23 diabetic sub-
jects with an average BMI of 30 + 3.6 kg/m?
and a mean HbAlc of 8.7 + 0.9%, the device
was implanted in 20 patients. Patients were
kept on a liquid diet for the first week after
placement, and encouraged to continue a low
calorie diet for the rest of the 52-week trial.
Four early explantations occurred due to poor
compliance, abdominal pain and displace-
ment or migration. At 52 weeks, mean BMI
dropped to 28.5 = 3.3 kg/m?and mean HbAlc
to 7.5 + 1.6%. Mild-to-moderate GI symptoms
occurred in 13 subjects and metabolic (hypogly-
cemia), as well as nutritional disorders (iron defi-
ciency) occurred in 14 subjects [42]. Currently,
a large, multicenter trial is being conducted in
the USA to determine the percentage of change
in HbAlc after 1 year of implantation. Table 1
shows a summary of available clinical trials.

Conclusion & future perspective

Contemporary medicine has been largely defined
by the development and implementation of med-
ical technology. Obesity and diabetes, two of the
present major pandemics we face, have tradition-
ally been managed medically. In the last two
decades, surgery has become a more acceptable
option for the management of these diseases, but
there is still reluctance among referring physi-
cians and patients to accept surgery as an early
treatment option despite strong evidence favor-
ing the benefits over the risks in the majority of
patients. The need for less invasive options with a

future science group



A novel approach for diabetes: recent evidence on endoluminal liners

risk—benefit profile between medical and surgical
therapy is needed. For the treatment of diabetes,
there is only one device currently being tested
that could potentially meet this need. Current
evidence shows a moderate but consistent effect
on weight loss and the metabolic effects occur
soon after implantation of the device. The need
for early explantation (removal of therapy) has
been addressed by the device manufacturer with
improved patient tolerance, but there will be a
small percentage of patients who do not tolerate
the effects of this device. It is currently unclear
what the lasting effects of the device will be after
planned explantation, or how often the device
may need to be reimplanted to achieve long-term
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