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Abstract

Background The aim of this study was to demonstrate feasi-
bility and safety of a new electric duodenal stimulation system
(EDS, BALANCE) in humans. Secondary objectives were to
evaluate the effect on glycemic control and weight loss in
patients with obesity and type 2 diabetes mellitus (T2DM).
Methods In an open-labeled, prospective, single-arm, non-
randomized multicenter study, 12 obese T2DM patients with
amean HbAlc of 8.0 % received laparoscopic implantation of
the BALANCE duodenal stimulating device. Adverse events,
changes in glycemic control, cardiovascular parameters, and
weight were collected. The follow-up period after implanta-
tion was 12 months.
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Results Device related severe adverse events did not occur.
Mean HbA1c decreased by 0.8 % (p=0.02) and mean fasting
blood glucose level (FBG) was reduced by 19 % (p=10.038)
after the 12 months. Mean HDL level increased from 44 to
48 mg/dl (p=0.033).

Conclusions EDS 1is a feasible and safe procedure. Positive
effects on T2DM and some cardiovascular parameters (HDL,
weight) were seen. However, further prospective randomized
blinded studies are needed in order to evaluate the potential of
this new minimally invasive method.

Keywords Electric duodenal stimulation - Duodenal pacer -
Obesity - Type 2 diabetes mellitus

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic disease with
many severe complications. More than a third of a billion
people are affected worldwide. In the next two decades, the
global prevalence is expected to rise by about 75 % especially
in Asian countries [1].

As early as in 1987, Walter Pories et al. were able to show
that Roux-en-Y gastric bypass (RYGB) has a beneficial effect
on diabetes [2]. Newer data confirm an overall remission rate
of as high as 78.1 % depending on the definition used for
diabetes remission [3].

Patients usually become euglycemic 10 days or less after
surgery. Therefore, weight loss itself seems to play only a
minor role in diabetes improvement and additional weight-
independent mechanisms are likely. Rubino and Gagner pos-
tulated that bypassing the duodenum and proximal jejunum
avoids secretion of anti-incretin factors and an earlier arrival
of food in the ileum induces higher incretin levels. Both lead
to an improvement of blood glucose levels [4, 5].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-015-1774-8&domain=pdf

370

OBES SURG (2016) 26:369-375

Intestinal electrical stimulation (IES) can affect gastric pas-
sage [6]. Electric stimulation has also been shown to reduce
food intake, decrease blood glucose levels, and induce weight
loss in animals [7, 8]. Moreover, Khawaled et al. demonstrat-
ed a decrease of gastric emptying and an increase of intestinal
flow in rats treated with duodenal electrical stimulation [9].

The hypothesis underlying our study was that an implanted
electric duodenal stimulation system (EDS, BALANCE sys-
tem) is able to mimic the effects of a gastric bypass through
electrical stimulation of the duodenal wall and lead to similar
effects in humans as seen in rats [9]. It was our aim to inves-
tigate the feasibility and safety of the EDS implanted in
humans. Moreover, as a secondary objective, it was our inten-
tion to evaluate the BALANCE system’s effects on glycemic
control and weight loss in patients with obesity and type 2
diabetes mellitus.

Methods

The study was approved by local ethics committee (PV 3033).
All procedures performed were in accordance with the ethical
standards of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent was
obtained from all individual participants included in the study.
Primary objectives were to evaluate feasibility, safety, and
technical performance. Secondary objectives were to investi-
gate a potential effect on glucose control, body weight, and
cardiovascular risk parameters (LDL, HDL, triglycerides, and
blood pressure) in obese patients with T2DM. Inclusion and
exclusion criteria are listed in Table 1.

The study was designed in a multicenter, open-label, single
arm, non-randomized fashion. Patients were recruited from
three different centers. All centers used the same standardized
study protocol. The number of intention to treat was 12. Visits

Table 1  Inclusion and exclusion criteria

included baseline screening, laparoscopic implantation of the
device, nine follow-up appointments, and laparoscopic ex-
plantation (Table 2). Baseline screening and follow-up visits
consisted of physical examination, collection of blood sam-
ples, and additional patient data concerning concomitant med-
ications and adverse events. Pregnancy tests were performed
at each visit for women of child-bearing potential.

Patients

Twelve patients were included in the study. Each patient had
to be on a stable antidiabetic mediation for at least 3 months
prior to study inclusion. Medication is shown in Table 3. Ac-
cording to the protocol, antidiabetic medication was not
changed during the study. Patients were advised not to change
eating habits or physical activity levels to rule out possible
effects of lifestyle modification.

Baseline characteristics are presented in Table 4. Mean age
was 46.6 years, 33 % were male. Mean body mass index
(BMI) and weight at baseline were 43 kg/m* and 131.8 kg,
respectively. Mean HbA 1¢ at baseline was 8.4 %.

BALANCE System

The duodenal pacer (BALANCE system) consists of the im-
plantable device and external parts (Fig. 1). The implantable
device contains one bipolar lead connected via two electrodes
to an implantable pulse generator (IPG). The external parts of
the system consist of a wireless wand that receives and trans-
mits data from the IPG to a remote control and a computer
system.

Implantation Procedure

Both electrodes were implanted laparoscopically and under
endoscopic control into the subserosal layer of the anterior

Inclusion criteria Exclusion criteria

> Diabetes mellitus type 2

> HbAlc 7to 10 %

> Fasting Blood Glucose 126 to 200 mg/dL. > Prior pancreatitis

> Age 18 to 65 years > Pregnancy

> Body mass index (BMI) 30 to 45 kg/m?

> Stable anti-diabetic therapy for at least
3 months

> Able and willing to perform
self-monitoring of plasma glucose

> Motivated to participate this study

abdominal trauma

> Diabetes mellitus type 1
> High risk of general anesthesia or surgery

> Planning to become pregnant during the study
> Prior intraabdominal GI tract surgery or a major

> Prior implanted electrical stimulation devices

> Motility disorders of the GI tract or medications
known to affect gastric motility

> History of peptic ulcer disease

> Severe diabetic complications (retinopathy
or nephropathy)

> Metabolic or endocrine disorders

> Having received another investigational
agent within 30 days prior to screening

> Current or recent alcohol or drug abuse

> Past or present psychiatric condition that
may impair his or her ability to comply with
the study procedures

> History of volvulus

> History of any known GI adhesions

> Any serious health condition (like cancer, cardiac > Deficiencies of vitamins (B12)

diseases, immunodeficiency disorders, liver
disease, pulmonary disease, renal insufficiency,

> Known celiac disease or inflammatory bowel
disease

coagulopathy or a major depressive disorder)
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Study protocol and follow-up visits

Table 2

Long-term follow-up

Primary safety follow-up

Month 2 Month 3 Month 4 Month 5 Month 6 Month 8 Month 10 Month 12 Explant
+7 days +7 days +7 days +7 days +7 days +7 days +7 days +7 days

Week 4

Implant

Screening and baseline
=30 to —2 days

+7 days

Medication check

Physical examination

Assessment of adv.

events
Clinical laboratory

X
X

Clin Chemistry
Hematology

HbAlc

X

Pregnancy test

XXX

o

XXX

Vitamins

MTT

SBGM
CGM

Uper Gl-endoscopy

Assessment eligibility

criteria

duodenal wall 2 cm behind the pylorus for a length of approx-
imately 1 cm. Electrodes were placed in parallel with a 1-cm
gap in between and secured by hemoclips at the distal end.
The lead was fixed by an additional suture as seen in Fig. 2.
Following lead implantation, the IPG was implanted into a
subcutaneous pocket and electrodes were connected. After the
implantation procedure, the system was tested by measuring
the impedance of the electrodes. Electrical activity was record-
ed from the tissue to verify proper contact and stimulation
ability. Each device was checked and adjusted at every fol-
low-up. The device was activated 4 weeks after implantation.

Explantation Procedure After 12 Months of Follow-Up

After completion of the 12-months follow-up visit, device and
leads were explanted laparoscopically.

Replacement Surgery

The device contains a sealed battery inside the IPG which was
calculated to support the device in self activation mode for the
whole study. Due to incompliance of the first two patients,
who missed activating the device several times, activation
mode was changed into an automated continuous mode. This
resulted in a shorter battery life. As a consequence, battery had
to be replaced in all participating patients once throughout the
study. Replacement was performed in an outpatient setting
and under local anesthesia.

Statistical Analysis

The mean values were tested for changes over time by using a
Wilcoxon-signed-rank test. A significance level of a=0.05
was used for all tests.

Results
Implantation

The implantation procedure took about 30-45 min in all of the
12 patients. There were no intraoperative complications. One
patient developed a postoperative wound infection. Secondary
wound closure was performed under local anesthesia.

Safety and Performance

Device-related severe adverse events did not occur. All pa-
tients described an intraabdominal prickle during the first ac-
tivation of the BALANCE system. However, these symptoms
were not reported again during the course of the study. Nine
patients reported a reduced maximum meal size and a softer
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Table 3 Baseline characteristics ]
and demographic data Patient number ~ Age (years)

Gender ~ BMI (kg/m?)  Weight (kg) BP (mm Hg)  HbAlc (%)

46
49
33
29
67
48
51
47
47
46
57
40

O 00 3 O U A W N —

—_ =
No= O

M 40.1 130 150/100 11.1
F 38 106 130/90 8.4
F 45.1 138 142/87 8.7
M 424 145 120/90 9.7
F 36.5 108.7 195/105 7.1
F 43.6 126.7 165/95 7.4
F 424 107.2 140/95 8.3
F 45 127 180/90 8

F 45.7 140 128/88 7.3
M 42.7 143 150/78 8.6
M 449 147 126/78 72
F 49.2 163 116/76 8.8

stool under stimulation. Sporadic episodes of diarrhea and
vomiting during the follow-up period occurred in six patients.

Intestinal electrical activity was recorded at all required
follow-up visits indicating normal functionality of the device.

Stimulation mode and stimulation parameters (frequency
and amplitude) were checked and adapted by BetaStim
technicians.

According to the protocol, the first two patients were
trained to activate IES manually prior to eating. Battery life
was calculated expecting short prandial activation periods.
However, read out of the device in the first two patients re-
vealed that manual activation was not performed reliably. Rea-
sons for non-adherence were not related to pain or negative
sensations associated with the device Therefore, activation
mode was changed into an automatic continuous mode for
patients 3—12 which resulted in a shorter battery life. As a
consequence in all nine patients included in the analysis, the
battery had to be replaced once during the study.

Effectiveness
Effects on glycemic parameters were assessed by monitoring

HbAIC, fasting blood glucose (FBG), and C-peptide without
any change in nutritional or physical exercise behavior and

Table 4 Antidiabetic

medication Antidiabetic Number of
medication patients
Metformin 5
Sulfonyl urea 2
Exenatide 1
Insulin 4

Each patient was on a stable dose for at
least 3 months prior to inclusion and med-
ication was not changed throughout the
study

@ Springer

also without any change in diabetes medications. Cardiovas-
cular parameters and weight were also investigated.

The device was implanted in 12 patients. The first two
patients were excluded from analysis due to lack of adherence
in activating the system prior to meals. One patient withdrew
consent from the study in order to undergo bariatric surgery.
Therefore, nine patients were included in statistical analysis.

Changes in Glycemic, Metabolic,
and Cardiovascular Parameters

Results are summarized in Table 5 and Fig. 3. HbAlc de-
creased from 8 % (£1.12) to 7.2 % (+0.97) at the end of the
study (p=0.02).

Average fasting blood glucose reduced from of 173 mg/dl
(+40.61) at screening to 140 mg/dl (£28.33) at month 12 (p=
0.038). Mean reduction in fasting blood glucose was 33 mg/
dl. Initial C-peptide level was 4.3 mg/dl (£2.74) ruling out
type 1 diabetes. At month 12, C-peptide level had dropped
to 3.67 mg/dl (£1.87) (p=0.336).

Mean LDL and triglyceride levels did not change signifi-
cantly. HDL increased by 4 mg/dl (from 43.78 mg/dl (£10.54)
at screening to 47.89 mg/dl (£10.71) at month 12) (p=10.033).
Mean body weight loss was 4 kg. Body weight decreased
from 131.56 to 127.56 kg (£17.39, p=0.084).

Mean systolic blood pressure at the beginning of the study
was 149.56 mmHg (£25.67) and reduced to 139.56 mmHg
(+23.35) (p=0.213).

Discussion

In this first-in-man study, safety and feasibility of a
laparoscopically implantable duodenal electric pacer was
demonstrated. The implantation procedure is short, i.e.,
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Fig. 1 The components of the
duodenal pacer “BALANCE
system”: left implantable pulse
generator (IPG) and bipolar lead
with two electrodes; right remote
control and laptop

around 3045 min, and safe and can be performed at an out-
patient setting. No device-related major adverse events oc-
curred during the follow-up period.

The main adverse events were episodes of transient diar-
rhea and vomiting and some patients described fullness and
limited meal sizes. Reduced meal sizes occurring with the
BALANCE system could be the result of a decreased gastric
emptying as shown in the preclinical rat model [9]. Also, Liu
et al. demonstrated delayed gastric emptying and decreased
water intake through an endoscopically placed feeding tube in
healthy volunteers under IES conditions [10]. Or findings are
in line with results from retrograde gastric electric stimulation
studies, which have shown a delayed gastric emptying, lower
food intake, and weight loss in animal models and in humans
[6, 11-14].

A softer stool under EDS conditions might be caused by
intestinal malabsorption. In rats, malabsorption of fatty acids
under IES has been described [15]. This may result in diarrhea
in humans. However, since our patients did not receive stan-
dardized test meals or stool analyses, this remains speculative
[16-18].

Unlike bariatric procedures in which adaption to the new
gastrointestinal anatomy may take several weeks or months,
our patients did not experience major side effects and a post-
operative modification in eating patterns is not required. The
majority of patients were not aware of the system except of a

Fig.2 The two BALANCE system leads attached to the duedenum wall

slight prickling during the first activation. The physician has
the ability to change the stimulation parameters (intensity,
frequency, and duration) by the wireless remote control non-
invasively, which may improve putative symptoms or meta-
bolic effects.

However, we experienced that a manual control (“on-off
mode”) of the system was not as effective as an automatic
continuous mode. The reasons for non-adherence were not
related to discomfort associated with the device. Likely, pa-
tients simply forgot to activate the system. One problem we
did not expect when we changed to the automatic mode was
the shorter battery life which resulted in the necessity for bat-
tery change in all nine patients.

In our study, the effectiveness of the BALANCE system in
improving glycemic parameters was demonstrated. The un-
derlying cause however is speculative. A combination of a
slower gastric emptying with a longer perception of satiety
and a decrease of duodenal transit time can be assumed. This
may be related to a suppression of ghrelin levels or other
intestinal hormones [19-22]. As in RYGB, undigested food
reaches distal parts of the intestine which triggers increased
incretin production. Unfortunately, glucagon-like peptide 1
(GLP-1) levels were not measured in our trial. Proof of this
conception is therefore missing.

The mean HbA 1¢ at baseline was 8 % and reduced to 7.2 %
after 12 months. At the same time, the average weight loss was

Table 5 Metabolic and cardiovascular parameters during the study

Mean pre SD+ Mean post SD+ p Number
HbAlc (%) 8.00 1.12 7.22 097 002 9
C-peptide 433 2.74 3.67 1.87 0336 9
(mg/l)
FBG (mg/dl) 173.00 40.61 140.33 28.33 0.038 9
LDL (mg/dl) 124.00 39.16 122.78 4029 0953 9
HDL (mg/dl)  43.78 10.54 47.89 10.71 0.033 9
TG (mg/dl)  209.11 91.35 191.67 7840 026 9
Weight (kg)  131.56 1520 127.56 17.39 0.084 9
BP (mmHg) 149.56 25.67 139.56 2335 0213 9
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Fig. 3 Significant changes were HbA1c

found in HbAlc, fasting blood
glucose (FBG), and HDL. Values
are at screening and at 12-month
follow-up

Post

4 kg. According to one study, a weight loss of 5 kg results in a
HbA1c reduction of 0.4 % in 1 year [23]. It is therefore likely
that further effects of duodenal stimulation are responsible for
the metabolic effect. The glucose-lowering effect is compara-
ble to commonly used antidiabetic medications such as DPP4
inhibitors or SGLT2 inhibitors. Glycemic control was not
monitored after explantation of the device. Therefore, the du-
rability of the effect remains unclear. Invasive therapeutic pro-
cedures in patients with a BMI<35 kg/m? are third- or forth-
line antidiabetic treatment and should only be considered if
conservative options fail to reach glycemic goals. However, in
patients with high demand for insulin, ineffective treatment, or
intolerance to oral antidiabetic therapies, minimal invasive
procedure like the BALANCE system of the Endobarrier®
device can be a therapeutic option. However, while being less
traumatic, none of the systems currently under investigation
reach the metabolic efficacy of bariatric surgery.

While mean LDL level was not affected during the study,
HDL increased by 4 mg/dl (from 44 mg/dl at screening to
48 mg/dl at month 12). However, it is unclear whether this
translates into a measurable clinical benefit. Weight loss oc-
curred in eight out of the nine patients during the study. Even
if weight loss was not significant in this small study group, this
effect is of importance since many other therapy options in
diabetes (i.e., insulin, sulfonylureas) lead to an increase of
body weight.

The major limitation of our study is the small number of
study participants. Therefore, metabolic effects are very pre-
liminary and need to be further investigated. In addition and
with regard to the small effect on body weight, the system
might be more sufficient in patients with a BMI<35. Howev-
er, when conducting the study protocol in 2009, local ethical
authorities did not approve the inclusion of patients not eligi-
ble for bariatric procedures according to national standards.

In summary, our preliminary results represent the first hu-
man trial of duodenal electrical stimulation in patients suffer-
ing from T2DM and obesity. The system is safe and surgical
handling is well feasible. A statistically significant effect of
the BALANCE therapy was found for glycemic control and
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HDL. As this study was designed as a feasibility study, it only
shows very preliminary data. Further prospective randomized
studies are needed to investigate underlying mechanisms, the
clinical relevance, and long-term effectiveness.
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