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Background:A novel method to treat morbid obesity
is presented – gastric electrical pacing. Follow-ing
animal research, human investigation in a total of 24
patients in three cohorts began in 1995.

M e t h o d s : M o r b i d ly obese subjects (BMI 40)
received electrical stimulation devices in 1995/6
(n=4), 1998 (n=10) and 2000 (n=10). Electrodes were
positioned intramuscularly on the anterior gastric
wall at the lesser curvature. BMI = body mass index;
%EBL = % excess BMI (>25) lost.

Results: Patients reported satiety for food with
less food.The 2 patients from the first study followed
for >5 years have 38 and 67 %EBL. In the second
study, every patient lost weight.At 36 months follow-
up, the mean %EBL was 24±10 SD (n=10).

Conclusions: Implantable gastric pacing is a safe
procedure and causes changes in eating habits in
morbidly obese humans,resulting in decreased food
intake and weight loss.

Key words: Gastric myo-electric stimulation, implantable
device, morbid obesity

Introduction

A comprehensive understanding of human eating
behavior remains elusive. Carlson of the University
of Chicago in 1913 first proposed the concept of a
relationship between the gastrointestinal tract and
the hypothalamus in dietary regulation. I first con-
ceptualized treating obesity with the use of electri-
cal stimulation of the stomach in the late 1980s.
This was in an attempt to mimic a syndrome of a 6-
month old infant who had recurrent vomiting with
associated failure to thrive. The cause was an

abnormal endogenous pacemaker located in the
antrum of the stomach.1 I hypothesized that electri-
cal impulses could be used to dysregulate normal
gastric electromotor activity and mimic the clinical
syndrome in this baby. The intention was to induce
weight loss with minimal derangement of physiol-
ogy and as few of the side-effects that are associ-
ated with conventional bariatric procedures.

My initial animal studies began in 1992 in the
porcine model.2,3 The results show that this concept
was both safe and effective in moderating weight
gain in growing swine. As a consequence, the ini-
tial human studies began in 1995.4,5 The results
show that gastric myo-electrical stimulation can be
both safe and effective in inducing weight loss in
morbidly obese humans. 

I started two subsequent studies to evaluate my
therapy. Impantation was performed in 10 patients
in 1998 and in an additional 10 patients in 2000.
The purpose of this paper is to present the weight
loss results and the attendant complications that
have occurred to date in these three patient popula-
tions. 

Methods

With institutional approval and informed consent
f rom each pat i e n t , human studies began in
September 1995 at the Umberto I Hospital Mestre,
Venezia and Unive rsity of Ve ro n a , I t a ly. A l l
patients were morbidly obese (BMI 40, Table 1).
Open or laparoscopic surgery was performed under
general anesthesia. Subjects had the electrodes
implanted intramuscularly at the lesser curvature
on the anterior gastric wall. Intraoperative flexible
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fiberoptic gastroscopy was performed to ensure
that the mucosa had not been perforated during
lead implantation. Postoperatively, subjects were
encouraged to eat three meals or less a day with no
special diet prescription and not to snack between
meals. The ingestion of high caloric beverages and
alcohol was discouraged. Patients were followed at
monthly intervals. The stimulator was interrogated
using transcutaneous radiofrequency telemetry that
linked the implanted device to a computerized pro-
grammer. Data collected included the programmed
electrical stimulation parameters, the impedance of
the lead, and residual battery capacity.

Weight loss data are expressed in percent excess
body mass index lost (%EBL). This is calculated
by (BMI actual – BMI initial) / (BMI initial – 25)
x 100). 

Results

Patient demographics are presented in Table 1. The
weight loss data from the 1995/6 patient cohort are
presented in Figure 1 and Table 2. The weight loss
data from the 1998 cohort are presented in Figure
2 and Table 3. The weight loss data from the year
2000 patients are presented in Figure 3 and Table 4.
There have been no deaths to date. There were five
procedures to replace depleted batteries, and 10
patients had their electrical stimulator replaced
with an updated version on 12 occasions. In the 24
patients, there was one reoperation for bleeding

(4%) and one reoperation to revise the generator
pocket (4%). One patient from the first 1995/6
cohort of four, had her device explanted and had
another bariatric procedure performed at another
institution.

Two types of lead dislodgments have been
observed. Total lead dislodgment signifies that nei-
ther of the two electrodes is in contact with the gas-
tric neuromuscular layer. “Partial” dislodgment
means that one of the electrodes remains in contact
with the gastric neuromuscular layer. Total dis-
lodgment may be associated with the pat i e n t
reporting discomfort and/or mild burning or weak
muscle contraction in the vicinity of the generator
pocket. When partial dislodgment occurs, some
food-related satiety may still occur. However, total
lead dislodgment is always associated with weight
regain. 

The overall lead dislodgment rate has been 33%
(8/24). However, there are two patient populations.
Initially lead fixation to the stomach was solely
dependent on the tines that are an integral compo-
nent of the lead. In these cases, 53% (8/15) have
required reoperation for complete or partial lead
dislodgment. In contrast, since we started reinforc-
ing the lead fixation (with either a clip or a suture
or both), there have been no further reoperations
for dislodgment (0/9, 0%). 

There was a 50% (2/4) lead fracture rate with the
initial non-dedicated quadripolar leads that were
used in the first (1995/6) cohort. With the dedicated
lead that we designed, there has been one fracture
(1/20, 5%) in the last 20 patients.

Table 1. The demographics of the three cohorts studied
are shown.The percent follow-up is shown at the bottom

Cohort 1995/6 1998 2000

No. of Patients 4 10 10
Gender (F/M) 4/0 6/4 10/0
Age (mean±SD) 31±10 34.8±8.6 41.8±11.9
Wt. kg (mean±SD) 146±25 142±23.75 131.9±33.1
BMI (mean±SD) 55.9±3 47.9±5.8 51.41±9.2
Excess BMI (>25)

mean±SD 30.9±3 22.9±5.8 26.4±9.2
Length of

follow-up 100% to 100% to 100% to
(mons) 30 mons, 33 mons, 7 mons,

75% (3/4) to 90% to 80% to
60 mons 39 mons 11 mons,

70% to
12 mons
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Figure 1. Weight loss for the initial cohort. Four patients
were implanted in 1995/96.
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Table 2. Data for the 4 patients operated in 1995/96

Month 15 Month 24 Month 30 Month 42 Month 51 Month 60

No. of subjects 4 (100%) 4 (100%) 4 (100%) 3 (75%) 3 (75%) 3 (75%)
Weight loss (kg) -20.9 ± 36 -17.2 ±34.8 -16.9 ±31.3 -24.5 ±31.6 -21.8 ± 31.8 -24.57 ±32
%EBL -28.6 ± 46.8 -24.2 ±44.2 -23.7 ±39.0 -32.5 ± 41.3 -28.8 ± 40.9 -32.6 ±42.5

Data presented as mean ± SD
Excess Body Mass = Amount of BMI (kg/m2) >25
%EBL = % Excess Body Mass Lost, where preop BMI - 25 = 100%
1 Patient had an elective device explant, and another bariatric procedure at another institution 30 months following implantation.The remaining 3 sub-
jects have been followed for 5 years. The date of explantation in 2 subjects is indicated.Excess BMI is calculated by using BMI >25 as being over-
weight or obese.8

Results of 1998 Cohort: 10 Patients
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Results of 1998 Cohort: 10 Patients 
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Figure 2. Weight loss for the 10 subjects implanted in 1998. A. The data are expressed as percent excess body mass
index lost (%BML). B. The same data presented in the more conventional manner with weight loss expressed as per-
cent excess weight loss (%EWL);in this case, the reference is from the US Insurance tables. Note the parallel between
the two graphs.

Table 3. Data for the 10 patients operated in 1998

Month 1 Month 6 Month 12 Month 18 Month 24 Month 30

No. of subjects 10 (100%) 10 (100%) 10 (100%) 10 (100%) 10 (100%) 10 (100%)
Weight loss (kg) -5.1 ± 2.9 -12.3 ± 6.3 -15.7 ± 6.3 -14.4 ± 9.2 -14.9 ± 10.7 -19.5 ± 13.7
%EBL -7.3 ± 5.2 -18.8 ± 11.8 -24.1 ± 10.7 -21.6 ± 13.2 -22.3 ± 16.4 -28.5 ± 20.3
% Weight loss -3.5 ± 1.9 -8.7 ± 4.4 -11.2 ± 4.3 -10.1 ± 5.8 -10.4 ± 7.2 -13.5 ± 9.2

Data presented as mean ± SD
Excess Body Mass = Amount of BMI (kg/m2) > 25
%EBL = % Excess Body Mass Lost, where preop BMI - 25 = 100%

Table 4. Data for the 10 patients operated in 2000

Month 1 Month 3 Month 6 Month 9 Month 12

No. of subjects 10 (100%) 10 (100%) 10 (100%) 10 (100%) 7 (70%)
Weight loss (kg) -3.6 ±2.6 -9.2 ±3.9 -15.1 ±8.3 -20.6 ±13.3 -24.7 ±19.4
%EBL -5.4 ± 3.6 -14.6 ± 6.7 -23.5 ±11.7 -29.8 ± 17.4 -33.5 ±23.3
% Weight loss -2.7 ± 1.7 -7.1 ± 3.1 -11.6 ± 5.8 -15.3 ± 9.3 -17.8 ±13.4

Data presented as mean ± SD
Excess Body Mass = Amount of BMI (kg/m2) > 25
%EBL = % Excess Body Mass Lost, where preop BMI - 25 = 100%



Discussion

In any study where weight loss is being evaluated,
an appropriate length of follow-up is needed. The
significant weight loss at 5 years in two patients
from the first patients implanted who received
bipolar stimulation justified evaluating more indi-
viduals. All 22 patients followed for up to 5 years
have decreased their weight and, providing that the
battery has residual energy, have maintained that
loss. 

As with all implantable electrical devices, even-
tual battery depletion requires a minor surgical
replacement procedure. Battery exhaustion was
always associated with weight regain. Generally,
the regained weight was subsequently shed when
electrical stimulation was reestablished. Long-term
efforts to extend battery life are obviously impor-
tant. Doing so will both prolong weight loss and
increase the period between generator replace-
ments. 

Perforation of the lead into the lumen of the
stomach during the implantation procedure may be
anticipated. Because of this, we routinely perform
flexible gastroscopy following lead placement. At
ga s t ro s c o py, we detected a perfo ration in 11
patients (11/24, 45%). The lead was immediately
removed and replaced. There have been no short-
or long-term sequelae from the perforations. We
conclude that, providing that the perforation is
immediately recognized and corrected, perforation
does not lead to short- or long-term consequences.
For this and for anatomical reasons, we are now
using the term “penetration” to describe the lead
inside the gastric lumen during the implant proce-

dure.
The mechanism of action of gastric electrical

stimulation appears to differ substantially from the
m e chanisms of current bari at ric pro c e d u re s .
Gastric restrictive operations work, in part, because
of vomit avoidance6 or by limiting the gastric com-
pliance. Gastric bypass operations reduce gastric
capacity and decrease intestinal nutrient absorp-
tion.7 It is possible that some individuals may not
respond to gastric electrical stimulation as therapy
for weight loss. Studying more patients and
increasing our knowledge on gastric pacing may
help to define both the most responsive population
and the best strategy to obtain a satisfactory weight
loss in obese patients.

Our stimulation parameters differ from those
usually employed in other electrical therapy. In the
heart, a single pulse is used, with a cycle of about
0.9 seconds. In nerve stimulation, multiple pulses
are used in a cycle lasting several minutes. Because
of our empirical observations in the pig, we used
80 stimuli in a 2-second burst at 12 cycles per
minute. These unique settings may account for
some of the therapeutic benefit observed. The dis-
lodgment rates were initially high but have been
substantially improved with the continual improve-
ments and refinements introduced.

Possible mechanisms of action of this therapy
remain to be defined. After a long time spent in
interviewing my patients, I concluded that they
we re both never hungry and always sat i at e d.
Gastric stimulation seems to re-set the patient sati-
ety threshold, and adjust it in power and in time.
Thus, we speculate that there are two possible
mechanisms to explain the new satiety in these
patients. First, a local electrical overdrive affects
the motor response of the antrum; this may
increase the intragastric digestive and inter-diges-
tive pressure and be mainly responsible for the ear-
lier sat i e t y. Second, t h e re may be a systemic
response to satiety as a result of the electrical stim-
ulation of the parasympathetic plexuses of the mus-
cle layers of the stomach (affecting digestive neu-
rohormones), which is responsible for the inter-
meal satiety. The first hypothesis is under investi-
gation by using the gastric barostat procedure; for
the second hypothesis a neuromediators study is in
progress.
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Figure 3. Weight loss for the 10 subjects implanted in
2000.
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Conclusions

The gastric myo-electric stimulation procedure is
t e ch n i c a l ly easier and is safer than ex i s t i n g
bariatric operations. The weight loss is roughly
comparable to that associated with gastric restric-
tive procedures but takes longer to achieve. The
reduced food intake needed to reach satiety with
gastric pacing suggests a distinction between the
therapy of obesity and the therapy of weight loss.
There is no reason to anticipate the short- or long-
term metabolic and nutritional deficiencies that are
a s s o c i ated with the malab s o rp t ive operat i o n s .
These data justify additional studies.
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