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Abstract
Background Weight regain following bariatric surgery is not uncommon. Safe, effective weight loss treatment up to 1 year has
been reported with the closed-loop gastric electrical stimulation (CLGES) system. Continuous recording of eating and activity
behavior by onboard sensors is one of the novel features of this closed-loop electrical stimulation therapy, and may provide
improved long-term weight maintenance by enhancing aftercare.
Methods Four centers participating in a 12-month prospective multicenter randomized study monitored all implanted partici-
pants (n = 47) up to 24months after laparoscopic implantation of a CLGES system.Weight loss, safety, quality of life (QOL), and
cardiac risk factors were analyzed.
Results Weight regain was limited in the 35 (74%) participants remaining enrolled at 24 months. Mean percent total body weight
loss (%TBWL) changed by only 1.5% between 12 and 24 months, reported at 14.8% (95% CI 12.3 to 17.3) and 13.3% (95% CI
10.7 to 15.8), respectively. The only serious device-/procedure-related adverse events were two elective system replacements due
to lead failure in the first 12 months, while improvements in QOL and cardiovascular risk factors were stable thru 24 months.
Conclusion During the 24 month follow-up, CLGESwas shown to limit weight regain with strong safety outcomes, including no
serious adverse events in the second year. We hypothesize that CLGES and objective sensor-based behavior data combined to
produce behavior change. The study supports CLGES as a safe obesity treatment with potential for long-term health benefits.
Trial registration ClinicalTrials.gov identifier: NCT01448785
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Introduction

Although bariatric surgery has been shown to be an effective
treatment for weight loss and diabetes management, many
patients do not wish to undergo a surgical procedure, despite
meeting BMI and comorbidity qualifications. A recent paper
surveyed potential candidates for bariatric surgery and found
that the most common reason for not being interested in sur-
gery was fear of complications from surgery [1]. This finding
emphasizes the importance of new options for obesity treat-
ment that are safer and have less negative side effects than
current bariatric surgery, but provide clinically significant
and longer-term weight loss than lifestyle modifications alone
and pharmaceutical options. Gastric electrical stimulation
(GES) is a reversible surgical option that offers support for
long-lasting behavioral changes and is less invasive than con-
ventional bariatric surgery options. Previously published data
on weight loss with GES for the treatment of obesity are en-
couraging and do not preclude the possibility of successful
treatment with second generation devices [2]. VBLOC
Maestro® (Enteromedics) is a commercially available system
which directly applies electrical stimulus to the abdominal
branches of the vagus intending to block neural transmission,
and recently reported significantly better weight loss at
18 months than a sham control with intensive lifestyle therapy
[3]. The accepted success criteria for conventional bariatric
therapy is > 50% EWL based on American Society of
Metabolic & Bariatric Surgery (ASMBS) Medical
Guidelines [4], but the FDA approval of the VBLOC
Maestro® system supports that lesser efficacy is acceptable
if the system produces significantly less safety risk, and pro-
duces less adverse events such as nausea, vomiting, GERD,
and micronutrient deficiencies. The AMBS guidelines also
suggest that success should Bprobably be related to factors
other than mere weight loss, such as improvement or resolu-
tion of comorbidities, decreasedmortality, enhanced quality of
life, and positive psychosocial changes [4]. The closed-loop
gastric electrical stimulation (CLGES) abiliti® system is a
second generation system, with an onboard food intake sensor
that detects food intake and triggers the electrical stimulation
therapy, so that it is delivered when most effective, and avoids
potential desensitization from continuous therapy delivery.

In addition, the CLGES system’s food sensor and three-
axis accelerometer-based activity sensor collect objective data
on the patients eating and exercise behavior 24 h/day. The data
can be used at follow-ups and uploaded at home to an internet
site. The objective sensor data allows the patient to self-mon-
itor, which has been shown to be very effective in behavior
modification, and can also be used by the clinician at follow-
up to support a program of lifestyle modification [5].

In this study, we present 24month weight loss maintenance
and safety with CLGES from four centers during a safety
monitoring period following a 12-month randomized

multicenter trial comparing CLGES to laparoscopic adjustable
gastric band [6]. In addition, changes in cardiovascular risk
factors and quality of life were analyzed over the 24 month
period.

Research Design and Methods

Participants

The study design and the patient inclusion/exclusion criteria
have been described previously [6]. The study was a random-
ized, multicenter trial, with the primary endpoints pertaining
to the 12-month safety and efficacy of CLGES versus the
laparoscopic adjustable gastric band. All patients signed an
informed consent that specified a monitoring period with bi-
monthly visits for the CLGES group for another 2 years fol-
lowing the 12-month study period. The protocol was ap-
proved by the ethics committees at each of the nine
European centers that participated in the study. The main in-
clusion criteria for participants was a BMI > 40 kg/m2 or a
BMI between 35 and 40 kg/m2 with an existing comorbidity.
Participants with Hba1c ≥ 7.0 without insulin treatment were
excluded in order to limit the potential for non-device-related
medical issues. Participants had to have a > 5-year history of
obesity and no previous bariatric surgery. The study is regis-
tered at ClinicalTrials.gov (identifier NCT01448785).

Treatment and Follow-up

Following a pre-screening based on the Three-Factor Eating
Questionnaire (TFEQ) [7], the participants underwent medical
screening, and those that met the criteria were randomized 2:1
to CLGES or LAGB therapy. The screening and treatment of
both groups was described in detail previously [6], but for the
purposes of this report, the treatment of the CLGES group will
be briefly described.

Those randomized to the CLGES group underwent an en-
doscopic gastric stimulation sensitivity test, where electrical
stimulation is delivered through an endoscopically placed
electrode, and gastric symptoms are reported on a visual scale
by the patient. If the symptoms induced by the GES met the
pre-specified criteria then the participant proceeded to system
implantation. The abiliti system is laparoscopically implanted,
and the components include a lead and a subcutaneously
placed implantable pulse generator (IPG). Proximally placed
on the lead is a stimulation electrode which is sutured to the
anterior lessor curvature at the Bgoose foot^ where the nerve
of Latarjet terminates in three main branches. At the distal end
of the lead is the transgastric sensor probe which is placed
through the gastric wall in the body of the stomach. Once
the system is activated and the sensor probe detects food in-
take, the electrical stimulation therapy is triggered based on a
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control algorithm run by the microprocessor housed in the
IPG. There is also a three-axis accelerometer in the IPG used
to record physical activity 24 h/day. The IPG is implanted in a
subcutaneous pocket in the lower left quadrant of the abdo-
men, and the lead is tunneled to the subcutaneous pocket and
attached to the connectors on the IPG header.

Two weeks after implant, the participants returned to the
clinic for programming and activation of their CLGES thera-
py. A second sensitivity test is performed with the implanted
system, where the therapy parameters are adjusted and the
patient records their symptoms on a visual scale. Based on
this testing, the therapy is programmed so that moderate stim-
ulation is delivered on detection of food intake during allowed
predetermined meal and snack times, and stronger stimulation
meant to stop food intake is delivered during periods outside
these allowed times. The average duration of therapy received
by the trial participants was approximately 3 h/day, dependent
on number of food intakes detected and programmed therapy
duration. At each follow-up, the therapy parameters could be
adjusted depending on patient feedback and weight loss prog-
ress. Participants received diet and exercise counseling at the
time of discharge from the hospital and at each visit, according
to standard post-surgical protocols for bariatric patients. In the
CLGES group, the dietary and exercise counseling was sup-
plemented by the sensor-based records of the patient’s eating
and activity behavior downloaded from the device.

Data Collection and Analysis

Follow-up visits occurred at 2 weeks, monthly until 6 months,
and bimonthly thereafter to 12 months. After the final study
visit at 12 months, regular bimonthly follow-up visits were
requested for the CLGES group to maintain stimulation ther-
apy until battery depletion or for 24 additional months, which-
ever came first. This 24-month period was specified in the
protocol as a monitoring period, and during these visits device
assessment, adjustment of therapy parameters, and download
of sensor data record was done, as well as medical evaluation
which included vitals and weight recording, review and record
of changes in concomitant medication, and review and record
of any adverse events. Laboratory assessments and impact of
weight on quality of life-Lite (IWQOL-Lite) [8] questionnaire
were administered at baseline, 6 and 12months, and also at 18
and 24 months. Subgroups with comorbidities at baseline
were defined and analyzed separately to determine if improve-
ment or resolution of comorbidity occurred. Diabetes sub-
group was defined as HbA1c ≥ 6% [9] and dyslipidemia sub-
groups were defined as total cholesterol > 200 mg/dl, HDL
cholesterol < 40 mg/dl in men and < 50 mg/dl in women,
LDL cholesterol > 130 mg/dl or triglyceride > 150 mg/dl [10].

All adverse events (AE) were recorded, and the site inves-
tigator determined the type and severity of each adverse event
and the relation to the device or procedure. The device- or

procedure-related AE are reported here. The rating criteria
were similar to those used in LAGB pre-market approval stud-
ies [11, 12]. They were classified as (a) mild when easily
tolerated, possibly requiring the prescription of a new phar-
maceutical or nutritional advice, (b) moderate when they in-
terfered with usual activities requiring an unscheduled visit or
an adjustment of the stimulation, and (c) severe when they
required a re-hospitalization or a surgical or endoscopic
intervention.

All data, collected at each investigative site by dedicated
staff designated by the sponsor, were entered in a computer
database for later analysis by the site investigators and the
sponsor’s clinical department. A field clinical engineer
assigned to the study sites assisted the investigative staff
throughout the study.

Statistics

Descriptive statistics for all efficacy and safety endpoints in-
clude the number of observations, means ± standard devia-
tions and ranges for continuous variables, crude event rates,
and rates per patient-year for recurrent events, counts, and
percentages for categorical variables and two-sided 95% con-
fidence intervals (CI). Excess weight was calculated as the
difference between the weight at the time of device implant
and the ideal body weight corresponding to a BMI of 25 kg/
m2. The effect of CLGES therapy on comorbidities, and qual-
ity of life was analyzed comparing baseline to 6, 12, 18, and
24 month averages with one-way ANOVA tests. A P value <
0.05 was considered significant. The SAS statistical package,
version 9.3 (SAS Institute Inc., Cary, NC) and Minitab®
17.1.0 (Minitab Inc., State College, PA) were used for these
analyses.

Results

Study Population

A CONSORT diagram through 24 months for the two Italian
and two Spanish centers reporting is shown in Fig. 1, includ-
ing reasons for attrition prior to 24 months. The primary end-
points for comparison of CLGES and LAGBwere complete at
12 months. Following the end of the study at 12 months the
CLGES group entered a 24-month safety monitoring period in
order to obtain long-term safety data in this new therapy sys-
tem, while the LAGB patients were completed. There is no
difference in the baselinemean age, weight, and BMI of the 76
women and 30 men included in the total CLGES group at
baseline (39 ± 11 years, 121 ± 21 kg, and 42 ± 5 kg/m2) and
that of the 38 women and 9 men in the Spanish and Italian
cohort reporting here (38.3 ± 12 years, 115 ± 19 kg, and 42 ±
6 kg/m2).
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Thirty-five (74%) participants remained enrolled in the
study at 24 months, and 32 (91%) of those enrolled attended
the 24 (± 2)-month visit analysis.

Weight Loss

An important measure of weight loss, percent total body
weight loss (%TBWL) was 14.8% (95% CI 12.3–17.3) at
12 months, and remained clinically significant at 24 months
averaging 13.3% (95%CI 10.7–15.8) (Fig. 2). The percentage
change in TBWL between 12 and 24 months was 1.5%, meet-
ing the published definition for weight maintenance of < 3%
[13]. The %EWL of the population averaged 40.8% (95% CI
33.9 to 47.7) at 12 months, with some weight regain at
24 months (average %EWL 34.3, 95% CI 27.3 to 41.3). The
percent of participants achieving > 20% EWL at 24 months
was 76.4 (56.5–86.4%). The distribution of weight loss for the
study population is shown in Fig. 3, where each participant
still enrolled in the study at 24months is represented by a solid
bar and patients withdrawn by 24 months by hatched bars,
indicating their last measured %EWL. There were four pa-
tients that were withdrawn prior to 24 months based on

dissatisfaction with weight loss and/or a loss of the feeling
of satiety formerly provided by the CLGES. In order to con-
firm that these withdrawals did not produce a bias in the 24-
month results, including their weight loss at the time of with-
drawal (20.1, 56.1, 34.9, and 36.4%) in the analysis increases
the average %EWL at 24 months to 35.6%. The %EWL using
intent-to-treat including all 47 implanted participants with last
measurement carried forward imputation yields an average
%EWL of 31.4% (95% CI 24.8 to 38.0).

Safety

Twenty participants (20/47, 43%) experienced a device-/proce-
dure-related adverse event during the 24 months following im-
plant (Table 1), for a total of 34 events, 94% being mild or
moderate. Ten participants experienced more than one adverse
event. The events that occurred in > 10% of patients were
back/shoulder pain which is thought to be due to the gastric
neural stimulation leading to referral of pain to the back and
shoulder, and painful stimulation, which were both treated with
stimulation parameter adjustment. The most common AE, mild

Fig. 1 The CONSORT diagram through 24 months for the study population
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or moderate Bback and shoulder pain^, had early onset
(5.4 ± 3.3 months) and resolved within (3.2 ± 6.5 months).

There were two severe adverse events (SAE) that occurred
between implant and 24 months were two elective surgical
device replacements in the first 12 months, due to lead failure.
No complications resulted from the revisions.

The events that occurred between 12 and 24 months were
13 mild and 1 moderate adverse event (41% of the 24 month
total). Nine of these events (64%) were patient complaints
related to stimulation delivered with no intake due to compro-
mised leads, the average onset month being 14.7 ± 4.6months.
The other events included back/shoulder pain rated as moder-
ate (1) and mild (1), nausea/vomiting (1), heartburn acidity
(1), and a pocket hematomawhich resolved without treatment.

There were seven elective device explants following study
withdrawal prior to 24 months due to autoimmune disease (1),
pregnancy (2), and patient dissatisfaction with weight loss (4).
These elective explants following withdrawal were not count-
ed as adverse events. In the case of the four due to dissatisfac-
tion with the therapy, the explant was performed with a con-
version to laparoscopic sleeve gastrectomy.

Changes in Cardiovascular Risk Factors and Quality
of Life

The changes in cardiovascular risk factors and quality of life
were analyzed through 24 months.
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In the participants (n = 10) who had pre-diabetes or diabe-
tes diagnosed at baseline, the HbA1c levels were lower at all
follow-ups through 24 months. The average % Hba1c was
reduced from a baseline level of 6.2 to 5.8% at 24 months,
though the statistical significance was lost (Fig. 4). For dys-
lipidemia, in the subgroup of patients who were diagnosed at
baseline with lipid levels meeting higher risk thresholds, there
were significant improvements at the follow-up visits through
24 months, except in triglyceride reduction (Fig. 5).

Participants had stable improvement in quality of life based
on QOL-lite score. The total QOL-Lite score improved by
50% from 52 (95% CI 44 to 61) at baseline, to 78 (95% CI
72 to 84), 77 (95% CI 71 to 83), and 81 (95% CI 74 to 87) at
12, 18, and 24 months, respectively.

Discussion

Participants with CLGES therapy maintained weight loss
through 24months. The system also continued to be very safe,
with no additional SAE reported following the two elective

device replacements prior to 12 months. Only 43% (95%CI
28.4 to 56.7) of subjects experienced an adverse event be-
tween baseline and 24 months, providing evidence that the
CLGES system is significantly safer at this 24-month

Table 1 Summary of device-/
procedure-related AE through
24 months

Adverse event Number
(%) of
patients

Number
of
Events

Onset
month
Ave ± SD

Resolved
month Ave
± SD

Mild N
(%)

Moderate
N (%)

Severe
N (%)

Stimulation with
no intakea

9 (19%) 9 14.8 ± 4.6 ongoing 9
(10-
0%)

0 0

Back/shoulder
pain

10 (21%) 13 5.4 ± 6.3 3.3 ± 6.5 11
(85-
%)

2 (15%) 0

Painful
stimulation

1 (2%) 1 3 13 0 1 (100%) 0

Pocket pain 3 (6%) 3 2.3 ± 0.9 4.5 ± 5.0 3
(10-
0%)

0 0

Heartburn/acidity 1 (2%) 1 20 1 1 0 0

Nausea/vomiting 2 (4%) 2 1, 6 < 1 2
(10-
0%)

0 0

No stimulation
with intakea

1 (2%) 1 20 8 1
(10-
0%)

0 0

Device
replacement
(broken lead)

2 (4%) 2 2, 10 < 1 0 0 2
(10-
0%)

Otherb 2 (4%) 2 0.25, 16 1 2
(10-
0%)

0 0

Total 34 29
(85-
%)

3 (9%) 2 (6%)

a Stimulation with no intake or no stimulation with intake occurred due to failure of the lead insulation or wire
which then caused a false detection or missed detection by the intake sensing circuit
b This category included two AE events rated Bmild^: belching post-operatively and a hematoma in the pocket
area at 16 months

Fig. 4 Trend in HbA1c % in subgroup of participants with pre-diabetes/
diabetes (n = 10). Statistical reduction (*) from baseline at 6, 12, and
18 months
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endpoint than the gastric band with a reported 78.7% (95%CI
73.5 to 84.0) experiencing an AE by 24 months [14], includ-
ing a 2.2% rate of revision. In the 24 months safety reporting
for vBLOC, 375 events were reported over 24 months [15],
resulting in an average of 1.5 events per patient-year, also a
significantly higher rate of adverse events than experienced
with the abiliti system [6]. Though the weight loss achieved
was only moderate relative to other bariatric procedures, the
mean 13.3% (95% CI 10.7 to 15.8) TBWL at 24 months
follow-up is clinically significant [16], and may be balanced
with the decreased safety risk. Based on the above factors
along with low side effects and lack of dietary restrictions with
this therapy, the most appropriate patients may be those with
one or more of the following characteristics: BMI < 50, higher
surgical risk, less willing to have invasive or aggressive pro-
cedures, and interested in a reversible procedure where they
have more control of their treatment.

We hypothesize the greater weight loss efficacy with
the CLGES system compared to that reported with other
GES systems is due to multiple factors, including the
closed-loop aspect of the system which avoids continuous
therapy delivery, the individually tailored therapy

parameters, and the sensor-based reporting of eating and
activity behavior.

The weight loss results are also better than the 12 and
27 month excess weight loss of 28.7 and 27.5%, respectively,
obtained in an early feasibility trial of the CLGES abiliti®
system involving three German centers [17]. One possible
reason that the patients lost more weight in the current study
is because the field personnel were trained in the use of the
sensor data at the clinical follow-up. Retrospective analysis of
the use of the programmer during follow-up sessions provides
quantitative evidence that when the patient and their clinician
viewed the activity and exercise data that was downloaded
from the IPG at each follow-up, it had a positive effect on
their weight loss. This analysis was possible because the pro-
grammer stores digital files that record when each window tab
was accessed, therefore the number of times the sensor data
window was viewed could be determined. The analysis
showed that the more frequently the clinician viewed the sen-
sor data with the patients, and made it part of their counseling
sessions, the better the weight loss was at that center. There
was a positive correlation between percent weight loss and
average number of sensor data views when analyzed by

Fig. 5 Trends in concentrations of blood lipids measured at baseline,
month 6, month 12, month 18, and month 24 in the participants who
had clinically high measurements at baseline. Chart A shows trend in
total cholesterol (n = 12 with > 150 mg/dl at baseline). Chart B shows
trend in triglycerides (i = 12 with > 150 mg/dl at baseline). Chart C shows

trend in high-density lipoproteins (HDL) (n = 17 including men with
HDL < 40 mg/dl and women with HDL < 50 mg/dl at baseline). Chart
D shows trend in low-density lipoproteins (LDL) (n = 12 with LDL >
130 mg/dl at baseline) (*p<.05)
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center. Multiple regression analysis showed that the relation-
ship between frequency of sensor data views and outcomewas
independent of the frequency of visit attendance. The power-
ful effect of being observed on behavior has been reported
[18], and also the value of self-monitoring for behavior change
[5], supporting that this aspect of the system could have a real
effect on patient outcome. In addition, Busetto et al. [19] an-
alyzed the behavior changes as measured by the onboard sen-
sors that occurred during the first year following system im-
plantation in this population. They concluded that there was
significant improvement in eating and activity seen in the
participants, and hypothesize that the feedback of the sensor-
based data may have produced the changes.

Limitations

Studies are needed to understand how to optimize both the
stimulation parameters and location in order to most effective-
ly modulate the vagal satiety signaling [20] in the clinical
setting, both acutely and with extended therapy. The implant-
able stimulator used in this study was early generation tech-
nology and some battery depletion began to occur around
24 months. It is expected that the next generation system
would have an extended battery life due to technological im-
provements and optimized programming.

Importantly long-term studies with an optimized system
are needed to determine sustainability of weight loss and ver-
ify safety with an implant of extended duration.

Conclusion

The performance of this system is encouraging given the clin-
ical benefits and the safety and reversibility of the procedure
and implanted system. The results warrant further study, par-
ticularly in the long term, and point to the utility of further
work to optimize GES systems for the treatment of obesity.
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