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Background: 10 years experience with gastric stimu-
lation demonstrates promise, in particular because
weight loss is achieved and maintained without drugs
or side-effects.We report on a total of 65 patients who
have received an Implantable Gastric Stimulator
(IGS®) since 1995.

Methods: 65 patients have received an IGS and
were monitored for weight loss as well as co-morbidi-
ties. Gastroesophageal Reflux Disease (GERD) was
assessed by endoscopy and symptoms were evalu-
ated. An acute Holter study was performed on 4
patients pre-implant, post-implant, and post-activa-
tion of the IGS. Oral glucose tolerance test (OGTT)
using a 76-g bolus of oral dextrose was done before
device implantation and after-activation. Gastric emp-
tying was tested on 19 of the patients using Tc99,
both pre-implant and 6 months post-implant. Resting
Energy Expenditure (REE) was studied in 15 patients
using indirect calorimetry at 3 different points in time:
pre-activation, 6 months post-implant, and 12 months
post-implant. Blood pressure was measured using an
electronic wrist device to overcome potential artifacts
due to arm fat.

Results: IGS patients lost significant weight with no
side-effects and experienced significant and rapid
improvements in blood pressure. Almost all of the
GERD patients reported symptomatic relief during
gastric pacing. OGTT demonstrated improved
response to insulin at 7 months post-stimulation. The
gastric emptying and REE tests were less conclusive,
to a great extent because of the small sub-population
of patients.

Conclusion: While the exact mechanisms of gastric
stimulation remain incompletely understood, it
appears that the implantation of an IGS is associated
with weight loss, an improvement (decrease) in blood
pressure in hypertensive patients, and a reduction or
elimination of symptoms in those who had GERD.
This promising weight loss therapy warrants further
study, in particular because of its intriguing results
with co-morbidities.
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Introduction

The causes of obesity, like its optimal therapy,
remain conjectural. The positive results from
bariatric surgery have come at a high price in terms
of mortality and side-effects.1 Promising results
from gastric stimulation warrant continuing atten-
tion.

The first acute study of gastric stimulation
involved a custom device implanted in a pig named
“Lucky” in the early 1990s. Lucky consumed less
food per day, and net weight loss occurred in a
cyclic pattern.2,3

Subsequent animal studies from 1992 to 1995
confirmed these results.3 It was clear that more than
smooth muscular stimulation was occurring. Stool
consistency improved in terms of solidity, and nei-
ther diarrhea nor constipation was observed.
Hypersalivation was noted. These results suggest
that gastric stimulation affects the autonomic nerv-
ous system and increases parasympathetic activity.
Animals suffered no observable side-effects. The
IGS preserved the digestive anatomy intact and
appeared to be a promising therapeutic alternative
for prudent investigation in humans.

Materials and Methods

The Italian center of Transneuronix Inc. has studied
65 patients who received the IGS®. The IGS® is
composed by a bipolar electrocatheter (the gastric
lead), tunneled in the gastric wall, and a gastric
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stimulator (battery with a microcircuit) connected to
the lead and located outside the abdomen, as shown
in Figure 1 A & B and Figure 2 A & B. The patients
were grouped as follows:

1) The first five implants (1996-1998).
2) The world’s first clinical trial of the gastric 

stimulator involving 10 patients (1995-2000).
3) The second Italian clinical trial of 10 more 

patients (2000-2001).
4) Forty more patients after the gastric stimulator 

received CE Mark approval; these
implantations were not covered by the health-
care system (2002 to date).

The fourth and largest group can be further subdi-
vided, in that starting in the latter half of 2003, pre-

operative patients were evaluated by a screening
algorithm and assessed by a psychologist; device
parameters were individually set for these patients.

Patients could be excluded for endocrine diseases.
Otherwise, they had to be eligible candidates for
surgery and were examined by upper endoscopy,
primarily for Helicobacter pylori and gastro-
esophageal reflux disease (GERD). Patients with
reflux received pH-metry and esophageal manome-
try both before and after stimulation. Four patients
were monitored by Holter monitor for 24 hours
before and after stimulation.

The entire third group and part of the fourth group
were given an oral glucose tolerance test (OGTT)
before the implantation and then at 6 and 12 months
postoperatively. Some patients in both the third and
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Figure 1. A. Device, composed of a bipolar electo-
catheter and total implantable electrical stimulator or gas-
tric pacer. B. The position of both elements.

Figure 2. Step A: the lead is tunneled in the lesser curve
of the stomach between the second and third venous
branch of the Pes Ancerinus; Step B: the tunnelizer (nee-
dle) is removed after suturing at the proximal silicone
sleeve.
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fourth group were tested with Tc99 gastric empty-
ing preoperatively and at 12 months after the
implant. The fourth group was tested for resting
energy expenditure (REE) before and after stimula-
tion.

The first choice of approach was a minimally
invasive laparoscopic procedure to implant a bipolar
stimulation lead. The same surgeon performed all
the operations and inserted the lead at the lesser
curve, in the thickness of the gastric wall, approxi-
mately 12 cm proximal to the pylorus (Figure 2), in
the “pes ancerinus area”, between the first and sec-
ond venous vessel branch for GERD patients and
between the third and fourth for non-GERD
patients. Lead position and status of gastric mucosa
were checked perioperatively by upper endoscopy.
For the first three groups, if a lead became dis-
lodged, it was sutured back into place in a subse-
quent procedure. For the fourth group, if a lead
became dislodged, it was sutured into place periop-
eratively. There was no exclusion criterion for
patients with gallstones.

All patients received a course of antibiotics, elas-
tic leg compression, and low-molecular-weight
heparin as antithrombotic therapy. 

The mean hospital stay for groups up to and
including the first clinical trial was 2 days. Starting
in the year 2000, the mean hospital stay was 24
hours.

Blood samples for all patients were taken 1 day
after surgery and then at 30 days, 6 months, and 12
months. The device was activated 3 to 4 weeks after
implant. Clinical trial patients were checked for
overall condition, blood pressure, and electrical
device characteristics (battery status and circuit
impedance) at intervals of weekly for the first
month, monthly for the next 6 months, and then
every 6 months thereafter. Patients in the fourth
group were evaluated 1 month after device activa-
tion, then at 3 months, and were not seen on a regu-
lar basis after that. Overall demographics are shown
in Table 1.

Results

In 9 years of human experience, gastric stimulation
for morbid obesity caused no side-effects, nor were

patients required to take any drugs, vitamins, or sup-
plements. From August 1995 to March 2004, 65
patients underwent the gastric obesity pacing proce-
dure (GOPP) in Venice, Italy. An additional five
patients underwent the procedure, but they were
recruited, assigned and followed by the clinical
Center of Bozen Public Hospital in Bolzano, Italy.
Only 37% of the entire patient population had the
operation in the public institution as part of the clin-
ical trials. 

During preoperative evaluation, the following dis-
eases were discovered: an adrenal adenoma with
subclinical Cushing’s syndrome, a growth hormone
(GH) hypophyseal adenoma, latent schizophrenia,
and one insulin-resistant diabetic. A well-compen-
sated hyperthyroid (Graves) patient and five goiters
on thyroxine therapy received a stimulator. The
most common exclusion for patients was distance
from the clinic (20 miles maximum).

Weight loss was expressed in percentage of excess
weight loss (%EWL), as defined by the 1983
Metropolitan Life Insurance Height/Weight tables,
using medium frame as midpoint. Weight loss by
patient group appears in Figures 3-7.

Methods of Related Investigations into 
Co-morbidities

After the initial human trial in 1995, our team con-
ducted several pre-stimulation and post-stimulation
investigations.

GERD Study
Twenty-seven of the 65 patients had signs of GERD
upon endoscopy; Los Angeles scores differed, with
eight at grade C. Of these 27, 10 agreed to be exam-
ined with pH-metry and manometry. No statistical

Table 1. Demographics for the 65 patients who
received gastric stimulation in this study.

Patients
Number 65
Gender (F/M) (41/24)
Age (years) 39.4 ± 3.4 (14-67)
Weight (kg) 132.7 ± 27.3 (95-225)
BMI (kg/m2) 46.9 ± 7.07 
Excess BMI 22.71 ± 7.07

Values are mean ± SEM.
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correlation was found between the endoscopic find-
ings and pH-metry. However, there was a statistical
correlation with manometry: 90% of GERD patients
had a pathologic manometry study, while just 30%
of endoscopic GERD patients had a pathological
pH-metry. More than 80% of the patients who
showed signs of GERD upon endoscopy had a very
short lower esophageal sphincter (LES), but all had
a low tone. Only two of the 27 patients did not
report specific symptoms despite endoscopic evi-
dence of esophageal lesions. After a few days of
gastric stimulation, almost all patients reported an
improvement in their reflux symptoms. Data

obtained from pH-metry proved unreliable, while
data from manometry showed that the LES
increased in tone in 40% of the patients and in
length in 95% of the patients.

Holter Study
Only four patients from the clinical trial groups
agreed to participate in an acute Holter monitor
study pre-implant, post-implant, and post-activation
of the IGS. No differences were observed before
and after IGS implantation, but after activation of
the device, three patients experienced a slower mean
heart rate (both day and night), possibly related to
improved parasympathetic cardiac tone.

OGTT Study
Twenty-two morbidly obese patients (defined as
having a BMI in the 95th percentile for age and gen-
der) underwent the OGTT, using a 75-g oral bolus
of dextrose, before the gastric stimulator was
implanted and again at 182 ± 25 days after activa-
tion of the device. The Homeostatic Model
Assessment – Insulin Resistance (HOMA-IR) index
was used to evaluate insulin resistance, and the
insulinogenic (I) index was used to evaluate ß-cell

-35
-30
-25
-20
-15
-10

-5
0

0 3 9 15 21 27 33 39 45 51 57 63

Duration post-implant  (months)

M
ea

n
 %

E
W

L

Figure 4. Group 2 results for the next 10 patients who
received an IGS in 1998.
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Figure 5. Group 3 results for 10 more patients who
received an IGS in 2000 (mean±SD).
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Figure 6. Group 4 (Private Patients), the largest group,
can be subdivided into the initial group (2002) shown
above, and the group that is now using the new screen-
ing algorithm for inclusion (2003) shown in Figure 7.
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Figure 7. The subset of patients in Group 4, who started
using a new Screening Algorithm in 2003 as part of its
inclusion criteria. The introduction of this algorithm has
greatly improved weight loss results.
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Figure 3. The first of 5 patients to receive the IGS in 1995
experienced weight loss.
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activity. During OGTT, the plasma concentration of
glucose, insulin, and C-peptide were sampled.

At the end of the study period, the mean weight
loss was 11.45 ± 9.6 kg or 4.6 BMI units (Figure 8),
with no negative side-effects or complications.
Using the American Diabetes Association (ADA)
criteria, before gastric stimulation was initiated, two
patients had non-insulin-dependent diabetes melli-
tus (NIDDM) and three patients had impaired glu-
cose tolerance (IGT). After gastric stimulation was
activated, one patient had NIDDM and one had IGT. 

The HOMA index fell from 4.35 ± 1.09 to 2.98 ±
0.55, P <0.01 (Figure 9). The improvement of the
HOMA index correlated significantly with the
weight loss (r = 0.92). The I-index was 1.33 ± 0.16
versus 1.26 ± 0.20 (P = ns). Mean plasma glucose at
0, 30, 60, 90, 120, 150 and 180 days was approxi-
mately the same before and after gastric stimulation
and weight loss. 

The insulin resistance index (IRI) taken with the
90-day sample showed 108.3 ± 52.4 µU/ml (before
stimulation) versus 78.7 ± 49.8 (after stimulation),
P <0.05. IRI was 31.2 ± 20.4 µU/ml before stimula-
tion versus 18.0 ± 10.2 at 180 days after stimulation,
P <0.05. C-peptides at 60 days showed a 10.85 ±
3.50 ng/ml before stimulation versus 13.46 ± 5.96
after stimulation, P <0.05. C-peptide level was 9.24
± 3.11 ng/ml before stimulation and 11.18 ± 4.16 at
120 days after stimulation, P <0.05.

Gastric-emptying Study by Tc99
Gastric emptying time was studied in 19 subjects
(BMI 41 to 66, 4 males and 15 females, age 27 to 62

years, two type 2 diabetics). Before implantation of
the IGS, they were given a semisolid Italian meal
(1,025 calories) and gastric emptying half-time
(GEHT) of 30 MBq of Tc99 was found. The test
was repeated 6 months after IGS activation.

Figure 10 shows GEHT for the two tests along
with %EWL 20.36; despite that, there was no statis-
tical difference before and after the IGS, and there
was no correlation between gastric emptying time
and weight loss. Figure 11 shows a 50% decrease in
the standard deviation between measurements.

REE Study
It is well known that Resting Energy Expenditure
(REE) decreases with weight loss.4 Maintenance of
a reduced weight is associated with a compensatory
reduction in REE, which opposes the maintenance
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Figure 8. The OGTT study evaluated mean weight of
patients before stimulation (month 0) and after stimulation
(month 7). Patients receiving gastric stimulation lost sig-
nificant amounts of weight.
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Figure 9. OGTT study evaluated mean values for homeo-
static model assessment-insulin resistance (HOMA-IR) in
22 patients before stimulation (month 0) and after stimu-
lation (month 7). Before 4.35±1.09 SD, after 2.98±0.55
SD. There was a significant decrease in insulin resistance
(t-test, P<0.05).
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Figure 10. Mean Tc99 values in 19 subjects who were
tested for gastric emptying, pre-implant and post-implant.
GEHT = gastric emptying half time (in minutes).
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of a body weight that differs from the usual.4,5 We
examined the effects of gastric stimulation on REE
in a severely obese patient population. Between
January and October, 2002, 15 patients (8 males, 7
females) with mean age 46.6 years (15 to 65)
received laparoscopic IGS. Their mean BMI was
44.3, mean weight was 123.4 kg, and mean excess
weight was 64.9 kg (45.0 to 86.6 kg). The gastric
stimulator was activated 30 days after implantation.
No specific dietary instructions were given. REE
was measured by indirect calorimetry (Datex
Ohmeda) before stimulator activation (visit 1), 6
months post-implant (visit 2) and 12 months post-
implant (visit 3). 

The REE values are reported as Kcal/body
weight. The data expressed as a percentage of REE
in visit 2 versus visit 1 is 10.33 ± 15.40 S.D. (P=ns).
Conversely, the percentage of REE in visit 3 versus
visit 1 is 6.82 ± 9.23 (P<0.05). This did not correlate
with weight changes. The mean %EWL was 14.4%

at the 6 months and 14.1% at the 12 months (Figure
12).

Blood Pressure

The American College of Cardiology considers
blood pressure to be normal when systolic values
are <130 mmHg and diastolic values are <86. Age is
a bias in justifying high blood pressure values.6

High blood pressure is associated with morbid obe-
sity. For each kilogram of weight lost, a reduction of
1 mmHg in blood pressure is expected.7-10

Blood pressure was taken at each visit, using an
electronic wrist device to overcome potential arti-
facts caused by arm fat. Weight loss and blood pres-
sure are shown in Table 2.

Blood pressure fell more quickly and to a greater
extent with gastric stimulation than would be
expected from weight loss alone (Figure 13). 

Table 2. High blood pressure was, as expected, common in this obese subset of patients, who subsequently showed
a significant and rapid decrease in blood pressure with gastric pacing.

Pre-op Month 1 Month 7 Month 13 Month 19
Number of Subjects 35 35 33 30 23

% EWL 6.87 ± 6.60 15.30 ± 8.32 20.95 ± 8.14 19.73 ± 11.09
BP systolic/ 171 ± 38.54 138 ± 21.36 133± 9.54 129 ± 12.35 126 ± 9.38

diastolic 104 ± 19.32 86 ± 10.82 86 ± 6.17 83 ± .9.87 81 ± .9.56
P-value (ANOVA) P<0.001
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Figure 11. In the gastric emptying test, there was a sig-
nificant decrease in the standard deviation of Tc99. No
correlation between gastric emptying time and weight
loss could be shown
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Figure 12. Effects of gastric pacing on Resting Energy
Expenditure. REE measured by indirect calorimetry at
visit 1 (device off), visit 2 (6 months post-implant), and
visit 3 (12 months post-impant). REE 0-1 6.82±9.22 SD,
REE 1-2 10.33±15.40 SD (t-test, P<0.05).
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Discussion

Gastric stimulation applies cyclic electrical output
pulses in bursts ranging from 2 to 100 Hz in fre-
quency with a standard setting of 40 Hz, with bursts
programmable and ranging from 4 to 12 bursts per
minute. Because the gastric stimulator has much in
common with the implantable cardiac pacemaker –
which also uses cycled energy, the device is some-
times called a “gastric pacemaker”. Using gastric
stimulation, modest weight loss was achieved in a
short time and without side-effects. Over the years,
we gained experience in managing the IGS patient,
and with increased knowledge about gastric stimu-
lation, greater weight loss was achieved. We con-
sider that a 40 %EWL is a reasonable target for the
next 2 years and that the actual mean of 25% EWL
is a very promising interim result, particularly
because there has been neither drug support nor
complications.

In the early phases of our investigation, we

implanted the IGS in asymptomatic patients with
gallstones. Patients with gallstones at implant expe-
rienced colicky pain 2 years after stimulation. Two
patients had over 65 gallstones discovered a few
years after weight loss. There is a risk of developing
gallstones in IGS patients, but it is also possible that
these patients were so fat pre-implant that ultra-
sound could not detect their pre-existing gallstones.
There is a theory, not yet scientifically proven, that
gastric stimulation could change the liver exocrine
physiology and give patients a new bile precipita-
tion set-point.

Good weight loss data were obtained in the first
clinical trial before we explanted devices at about 12
months after implantation (due to battery depletion).
In the second clinical study, lead dislodgement
became an issue. In the first trial, we knew that
obese patients required gastric stimulation to main-
tain weight loss. This was confirmed in the second
trial when leads became dislodged. Frequent inter-
rogation of the device had a positive influence on
weight loss. 

Our results in 2003 are greatly improved over pre-
vious results. The obese patients now arriving at our
center have heard about the IGS, know that we only
do gastric stimulation, and have considered and
ruled out bariatric surgery for themselves. After this
natural selection, a psychologist explains gastric
stimulation and forces patients to confront both their
own expectations about weight loss and their
responsibilities in the process. Follow-up frequency
has been increased, and exercise is emphasized.
However, we still do not talk about diets. We have
found that most obese patients have been on many
diets for so long that they are very knowledgeable
about calories, food groups, and portions. We do
recommend that patients skip meals spontaneously,
such as an occasional lunch. We ask that prospective
patients meet with at least two paced patients, one
with good weight loss and another with poor weight
loss. Any prospective patient who refuses to meet
with these other gastric paced patients is excluded.
We have now instituted Transneuronix’ new algo-
rithm for patient selection. Patient populations are
still too small to yield valid results, but interim
results are displayed in Figure 6.

We await GERD data from the other centers to
confirm our findings. Because GERD symptoms are
relieved by gastric pacing and pH-manometry is

Figure 13. Of the co-morbidities, blood pressure showed
the strongest and most immediate improvement with gas-
tric stimulation. Reductions in both systolic (A) and dias-
tolic (B) blood pressure during gastric stimulation far
exceeded the expected improvements.
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uncomfortable, we now no longer require these
patients (who are usually private or self-paying) to
undergo this testing.

Holter data are preliminary, but the acute study
launched a further investigation into the autonomic
nervous system balance regarding variability in
heart rate. Obese patients are disproportionately
hypersympathetic.11 Data confirms that gastric stim-
ulation affects the nervous system balance.12

With respect to the OGTT study, the role of
weight loss and the influence of gastric stimulation
on the HOMA-IR index require further investiga-
tion. 

Gastric emptying has to be standardized to com-
pare study data. Gastric emptying may be sensitive
to other factors, such as environment, emotion,
health of the patient, etc., so that complete stan-
dardization may be impossible. The reduction in the
standard deviation after stimulation suggests that a
standard lead location in the stomach and standard-
ized parameter settings of the device could mean
that gastric emptying time may be under gastric pac-
ing control.

With regard to REE, animal experiments led us to
the hypothesis that the small bowel moves faster
during stimulation. This was supported in human
studies, where no patient complained of constipa-
tion despite low food intake. We speculate that the
higher REE after stimulation could be the result of
calories burned by the digestive smooth muscula-
ture. This remains to be proved, but the influence of
parasympathetic activity that increases digestive
peristalsis supports the notion.

The blood pressure findings are impressive, par-
ticularly because so few obese patients take care of
their health. Most obese patients are embarking on
some new diet and believe that their hypertension
will resolve with the new plan. We usually start the
hypertensive patients immediately on anti-hyperten-
sive medication. After gastric stimulation, blood
pressure values drop far more than anticipated, to
the extent that we often modify or discontinue med-
ication. We suspect that gastric stimulation influ-
ences the autonomic nervous system.

During gastric pacing, there is local electrical
stimulation of the smooth muscle, which causes the
intragastric, digestive, and interdigestive pressures
to increase. This explains the distension of the gas-
tric fundus13,14 and the early satiety. The rich inner-

vation and production by the stomach of digestive
hormones15 appears to explain the role of gastric
pacing in modulating the brain-gut axis and the
influence of the autonomic nervous system for feed-
ing needs and behavior. Further study should be pur-
sued, because this promising therapy lacks side-
effects, requires no drugs or supplements, and does
not alter the digestive system.
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