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Abstract

mellitus (DM2) and led to clinically meaningful improvement in weight loss and glycemic parameters at 2 years. Sustainability of these responses at three years is reported
here.
Methods: VBLOC DM2 is a prospective, observational study of 28 subjects with
DM2 and body mass index (BMI) between 30 and 40 kg/m2. Safety and changes in
weight, glycemic parameters and other risk factors with vBloc therapy are assessed.
Mixed models are used to report continuous outcome variables.
Results: After three years of therapy, mean percentage of excess weight loss was 21%
(95% CI, 14 to 28) or 7% total body weight loss (95% CI, 5 to 9). Hemoglobin A1c
decreased by a mean of 0.6 percentage points (95% CI, 0.2 to 1.0) from a baseline of
7.8%. Fasting plasma glucose declined by a mean of 18 mg/dL (95% CI, 2 to 34) from
a baseline of 151 mg/dL. The most common adverse events continued to be heartburn,
constipation and neuroregulator site pain which were mostly mild to moderate in severity as noted in earlier reports.
Conclusions: Three years of treatment with vBloc therapy resulted in durable improvements in weight loss and glycemic control. vBloc was shown to have favorable
safety through 3 years.
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Introduction
It is estimated that there are 347 million people worldwide with DM2[1], and its prevalence will likely continue to
grow[2]. Recent data from the Centers for Disease Control and
Prevention estimate that the lifetime risk for acquiring DM2 has
increased dramatically in the last two decades to 40.2% for men
and 39.6% for women[3]. Obesity, defined as BMI over 30 kg/m2,
has been acknowledged as the most significant risk factor for developing DM2. Multiple studies and converging views of major
societies on the treatment of diabetes have strongly suggested
that weight loss (of as little as 2.5 kg) significantly reduces the
chances of developing DM2[4,5].
Risk of potential complications and permanent anatomical alter ations make bariatric surgery an option of last resort
for many obese patients with DM2 even though current bariatric surgical interventions such as sleeve gastrectomy, gastric
bypass, and biliopancreatic diversion have been shown to have
a significant effect on glycemic control and diabetes[6]. Diabetes drugs are efficacious treatments for most patients; however, as the disease progresses, patients may require an expensive
drug regimen, and often need injectable insulin. The long-term
cardiovascular safety profile of these medications is unclear. A
weight loss treatment that is durable but less risky than conventional bariatric weight loss surgery would be an appealing option
for many patients with obesity who have DM2.
The vagus nerve has long been known to play an important role in food intake and weight regulation. It has been
shown that vagotomy induces weight loss[7]. However, this procedure is irreversible, it can cause unwanted side effects and
compensatory mechanisms can evolve over time[8]. A method
of controlled intermittent vagal blockade would be desirable.
To address this, a technology was created which uses electrical
signals to temporarily and reversibly block conduction through
the anterior and posterior sub-diaphragmatic vagal trunks (vBloc
therapy).
A randomized, sham-controlled, double-blind, clinical
trial of vBloc therapy for moderate to severe obesity in 239 participants showed statistically superior weight loss compared to
a sham control with a low rate of complications at one year[9].
Recently, it was reported that these results were durable through
2 years and correspondingly demonstrated approximately 50%
remittance of pre-diabetes and metabolic syndrome among
participants who presented with the syndromes at baseline[10].
Participants also reported sustained significant improvements in
quality of life and 50% reduction in their hunger compared to
baseline[10]. The VBLOC DM2 study is a prospective feasibility
study during which 28 obese participants with DM2 received
vBloc therapy. Clinically significant reductions in weight were
demonstrated through two years of this trial[11]. Of note, improvements in glycemic parameters were observed within weeks
of vBloc therapy initiation[12] and were maintained through two
years. Given the importance of sustained improvement in glycemic parameters for the diabetic patient, the major focus of this
report is to present data through three years.

Materials and Methods
Study Design
The VBLOC DM2 study is a prospective, open-label,
www.ommegaonline.org
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single-arm investigation with the objective of evaluating the
safety and efficacy of vBloc therapy in participants with obesity
and DM2. There were no formal endpoints for this investigation
and it was not powered to detect any effect size. The sample
size of 28 subjects was deemed sufficient to establish performance of the study device and to compare performance results
with those from previous investigations based on the precision
of the %EWL estimate. Precision is defined as the half-width of
the confidence interval surrounding the mean %EWL. Assuming
a standard deviation of 18 units, 28 subjects provide an estimate
of %EWL with 7% precision (with 95% confidence).
Efficacy measures of interest were improvements from
baseline in percentage excess weight loss (%EWL), BMI, fasting
plasma glucose and hemoglobin A1c (HbA1c). Changes in systolic and diastolic blood pressure were measured also, although
participants with hypertension were not prospectively enrolled.
All adverse events (AEs) that occurred in the trial were captured.
The clinical site investigators attributed the AEs as either related
or not related to the device, procedure, therapy algorithm or unknown and recorded their severity as mild, moderate or severe.
An independent Clinical Events Committee adjudicated the relatedness of each serious adverse event (SAE). Ethics committee
approval was obtained at all investigative sites prior to conduct
of the study. Informed consent was obtained from all individual
participants included in the investigation prior to their participation in the study. Five sites from Australia, Mexico, Norway and
Switzerland initially participated in this study.
Inclusion and Exclusion Criteria
Participants were eligible for inclusion if they had DM2
for 12 years or less, were aged 25 to 60 years, had a HbA1c between 7% and 10% inclusive, a BMI between 30 and 40 kg/m2,
and had not responded to a diet or exercise program. The most
notable exclusion criteria were type 1 diabetes mellitus, clinically significant hiatal hernia, significant weight loss in the last year
(> 10% TBL), use of a weight loss drug within the last 3 months
or smoking cessation within the last 6 months. Exclusion criteria
relevant to diabetes were use of GLP-1 receptor agonists and/or
insulin dependence (short-term insulin use during perioperative
period was allowed). A full list of inclusion and exclusion criteria have been reported previously[11].
Intervention
All participants received a Maestro Rechargeable System. The implantation procedure has been described previously
in detail[13]. Briefly, the two leads of the Maestro Rechargeable
System are placed laparoscopically around the anterior and posterior abdominal vagal trunks. The leads are exteriorized after
which a rechargeable neuroregulator is connected to the leads
and placed in a subcutaneous pocket on the lateral chest wall.
Participants recharge the battery of the neuroregulator transcutaneously with a mobile charger and transmit coil every few days
for about 30 minutes.
The neuroregulator was programmed to deliver 5000
Hz with a current amplitude of 3 to 8 mA for at least 12 hours
each day. The therapy amplitude goal was 6 mA. Device parameters (i.e., amplitude and hours of therapy delivered per day)
were adjusted if needed to minimize adverse events related to
sensations of therapy and maximize weight loss.
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Visit Schedule and data collection
Participants were seen every week in the first month,
every other week through month 3, and then monthly in the first
year. Between years one and two participants were seen every
other month and then quarterly between the second and third
year. No specific diets or exercise regimens were prescribed prior to implant or during the study. However, at each visit participants received 15 minute individual weight management counseling sessions, which consisted of education on strategies for
weight loss through exercise, healthy eating and goal tracking.
Adverse events, weight and medication changes were recorded
at every visit. Glycemic parameters and triplicate blood pressure
values were measured at baseline, 1, 4, and 12 weeks, and 6, 12,
18, 24, 30 and 36 months. Waist circumference at the iliac crest
(NHANES III Protocol) was measured at baseline and annually. Only the patient’s primary care physician made decisions to
change any medication regimen.

least 5%, 7.5% and 10% TBL, respectively.

Statistical Analysis
Descriptive statistics are used to summarize baseline
demographics and medical history information. Means and standard deviations or confidence intervals are used to summarize
continuous variables and frequencies and percentages are used
to summarize categorical variables.
Longitudinal mixed-effects regression models with unstructured covariance structures and random intercepts for each
subject are used to assess changes in continuous parameters.
Time was treated categorically in the model so as not to impose
a specific functional form to the trajectory over time. Importantly, all observed values were included in the mixed models[14].
Analyses of the clinical data were performed in SAS version 9.3.
Weight loss was assessed using two methods: 1) Percentage of
excess weight loss (%EWL), which is calculated as: %EWL =
100%* [weight loss / excess body weight at implant (using BMI
25 kg/m2 as normal)] and 2) Percentage of total body weight loss
(%TBL).

Figure 1: Estimated mean %EWL and %TWL and 95% CI through 3
years.

Glycemic Control
The changes in HbA1c were from a baseline of 7.8% ±
1.1%. Mean reductions in HbA1c over time are shown in Figure
2. As prior reports demonstrated[11,12], the mean estimated HbA1c
was significantly reduced by 1.0 percentage point (95% CI, 0.7
to 1.4) at one year post vBloc therapy initiation. The reduction
was 0.6 percentage points (95% CI, 0.2 to 1.0) by 2 years, which
remained unchanged through three years (Figure 2). The proportion of participants with an HbA1c of 7% or lower improved from
25% at baseline to 71% at 3 years; similar to that observed at 1
and 2 years.

Results
Subject Demographics and Disposition
Twenty-eight participants were enrolled in the study
and all received a Maestro Rechargeable System. Their mean
age was 51 ± 9 years, their mean BMI was 37 ± 3 kg/m2 and 17
participants were female (61%). At three years, 22 participants
(79%) remained enrolled in the study. Eighteen participants
(64%) attended the three-year visit.
Sixteen participants were on metformin only at baseline. Seven other participants were on metformin in combination
with other diabetes medications (such as sulfonylureas and thiazolidinediones) and 3 were on other diabetes medications without metformin. Two participants were on no baseline diabetes
medications.

Figure 2: Estimated mean HbA1c (%) and 95% CI through 3 years.

At 3 years, the mean estimated fasting plasma glucose
was significantly decreased by 18 mg/dL (95% CI, 2 to 34) from
151 mg/dL at baseline; similar to that reported for reductions at
1 and 2 years following vBloc therapy initiation[11] (Figure 3).

Weight Loss
The weight loss over time is shown in Figure 1. At three
years, weight loss was comparable to that at one and two years
with an estimated mean %EWL of 21% (95% CI, 14 to 28) or
7% TBL (95% CI, 5 to 9). For those participants who presented
for the 3 year visit, the mean %EWL was 24 ± 17% (SD) or 8 ±
6% TBL. Finally, 61%, 39% and 28% of participants achieved at
Tweden, K.S., et al.
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Discussion

Figure 3: Estimated mean fasting plasma glucose (mg/dL) and 95% CI
through 3 years.

Diabetic Medications
The change in use of diabetes medications from baseline remained relatively constant at 3 years compared to 2 years.
Of the 18 participants who attended their 3 year visit, 8 (44%)
had no change in either the number or dosage of medications
taken and 7 (39%) had a decrease in either the number or dosage
of medications taken including 4(22%) of the participants who
were able to stop taking diabetes medications. Three (17%) had
an increase in either the number or dosage of medications. None
of the participants at the 3 year follow up visit required insulin
therapy.
Other Findings of Medical Significance
At the 3 year visit, there was no significant change in
mean systolic and diastolic blood pressure from baseline. A significant decrease in waist circumference was demonstrated at 3
years with a mean reduction of 6.0 cm (95% CI, 3 to 9) from a
baseline of 120 cm.
Adverse Events and Surgical Interventions
As reported previously, there were two SAEs through
24 months[11]. There was one additional SAE reported between
2 and 3 years due to pain at the neuroregulator site. The event
was considered serious because it resulted in overnight hospitalization following an elective device explant procedure. The
SAE resolved following the explant of the device. Information
regarding adverse events (AEs) through 2 years has been reported previously[11]. The most frequently occurring were mild to
moderate heartburn, constipation, and neuroregulator site pain.
Between 2 and 3 years there was one additional AE related to
moderate heartburn.
No deaths, unanticipated adverse device effects, or
life-threatening complications occurred through 36 months.
Two surgical revisions occurred through 2 years, as reported
previously[11]. No additional revisions were required between 2
and 3 years. Six participants withdrew from the study prior to
the 3 year follow up visit. Four withdrawals were due to subject
decision, one lost to follow up, and one due to adverse event.
The subject withdrawal due to adverse event was for pain at the
neuroregulator site which resolved following explant of the device.
www.ommegaonline.org
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This investigation demonstrated that intermittent vagal
nerve blockade (vBloc) in participants with obesity and type 2
diabetes mellitus resulted in sustained, medically meaningful
weight loss and glycemic control through 3 years. The average
%EWL was 21% at 3 years. HbA1c was reduced 0.6 percentage
points at 3 years; a clinically meaningful reduction that resulted
in 39% of participants either reducing or stopping their diabetes
medications and 44% of participants needing no additional diabetes medications. The majority (71%) of participants were at
or below the American Diabetes Association target for HbA1c of
7% for people with diabetes. A waist circumference reduction of
6.0 cm compared to baseline was also observed at 3 years. The
safety of vBloc continues to be promising with no life-threatening complications or deaths observed in the study.
Type 2 diabetes mellitus and obesity are two of the most
serious societal health concerns throughout the world. Since
1987, the proportion of people with a BMI greater than 30, 40
and 50 kg/m2 was reported to have increased by approximately
200%, 600% and 1200%, respectively[15]. The Longitudinal Assessment of Bariatric Surgery (LABS) reported that in the U.S.,
31% of patients whose BMI was 40 to 50 kg/m2 were diabetic
while patients with a BMI greater than 60 kg/m2 had a 42% prevalence of diabetes[16]. Additionally, the co-occurrence of DM2
and obesity significantly increases the risk of hypertension and
cardiovascular disease[17] hence increasing morbidity and mortality[18]. It’s estimated that the average annual medical costs for
individuals with DM2 adds up to $13,700[19]. The American Diabetes Association estimated that DM2 and its complications cost
the US health care system 245 billion dollars in 2012[19].
Patients with DM2 have shown improvements with a
decrease in body weight of as little as 5%[20,21]. While a 5% reduction in body weight can be achieved by non-surgical means,
the long term results are often confounded by recidivism and
poor patient compliance. The present study findings that the
majority of participant’s HbA1c remained significantly reduced
without the need for additional diabetic medications through 3
years highlights that the amount of weight loss achieved with
vBloc therapy helped to slow the progression of diabetes.
There is a large unmet need for effective therapies that
are safer and less complicated than conventional bariatric surgical procedures. Potential for serious complications, long-term
sequelae, and permanent alterations to the gastrointestinal tract
make many potential surgical candidates unwilling to proceed
with surgery[6,22,23]. The average weight loss achieved in this
study was lower than results routinely reported with gastric bypass and sleeve gastrectomy procedures[6,22,23]. However, vBloc
therapy has demonstrated less complications and a medically
impactful weight loss[10,21]. The current results of the VBLOC
DM2 investigation support the notion that the benefits of vBloc
therapy are largely sustained to 3 years. The ongoing efficacy
and safety of vBloc therapy suggests it would likely be attractive
to many of the patients who traditionally have not accepted conventional weight loss surgery.
Mono- or poly-diabetic medication regimens have been
shown to be an effective tool to improve glycemic control in
patients with DM2. However, many patients with DM2 have
shown lack of adherence[24] to medication regimens and there
is a large cost of prolonged medication use. This study demonJ Diabetes Obes
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