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I. Introduction	

The purpose of this paper is to provide an 
overview of the science and research that 
lies behind MedAutonomic’s path-
breaking device, the Brain 
NeuroModulator (BNM). Our focus is to 
establish that there is a body of evidence 
that strongly supports our approach to 
addressing functional diseases related to 
the metabolic syndrome and an imbalance 
in the autonomic nervous system (ANS). 
 
A functional disease becomes a pathology 
of the organ if left untreated for a long 
period of time. For example, if GERD is not 
corrected then the esophagus will be 
damaged. If hyperglycemia is not 
corrected, the atherosclerosis organ 
damage from diabetes will become 
systemic. The same idea holds for diastolic 
hypertension and overeating in the obese. 

II. Addressing	 the	 Metabolic	
Syndrome	 and	 Functional	
Diseases	 by	 Rebalancing	 the	
Autonomic	 Nervous	 System:	
Research	and	Results	

In the 1990s researchers began to examine 
the relationship between the sympathetic 
tone and parasympathetic tone of the ANS 
and several diseases (obesity, gastro-
esophageal reflux disease - GERD, type-2 
diabetes and hypertension) that are 

associated with what is known as the 
“metabolic syndrome”. The initial research 
focused on the relationship between the 
ANS and obesity, with some early 
evidence that obese individuals were low 
in sympathetic tone (Nagai, et al.). 
However, other work demonstrated that it 
was the opposite, i.e. that obesity (and 
other functional diseases) was associated 
with low parasympathetic tone (Arone, et 
al.;  Mackintosh). 
 
It is now well accepted that the metabolic 
syndrome is indeed closely related to an 
imbalance between the sympathetic tone 
and the (too-low) parasympathetic tone. It 
follows directly that if the ANS could be 
brought back into balance, various 
diseases would be treated. In addition, it 
has been established that the status of the 
ANS and the sympathetic and 
parasympathetic tones can be precisely 
measured through heart rate variability 
(HRV). The research of Hirsch, et al. 
induced weight change in seven subjects, 
and established that HRV does indeed 
measure changes in the ANS during 
weight change. 
 
HRV power spectral analysis is a well-
accepted and noninvasive method, and 
has provided a comprehensive quantitative 
and qualitative evaluation of 
neuroautonomic function under various 
clinical and research settings. The validity 
of spectral analysis of HRV under the 
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resting condition has been well 
documented (Nagai, et al.). 
 
When Dr. Cigaina began to develop the 
gastric pacer to treat obesity, his focus was 
on stimulating the stomach with an electric 
shock to induce satiety. He collected a 
significant amount of data from performing 
about 250 implants in animals and 900 
implants in humans. As the graphs below 
indicate, the gastric pacer worked well 
(Cigaina). The weight loss resulting from 
Dr. Cigaina’s gastric pacer was confirmed 
by Shikora, et al. 
 
In his 2004 paper, Dr. Cigaina concluded: 
“We suspect that gastric stimulation 
influences the autonomic nervous system.” 

This thought prompted him to re-examine 
the trove of data he possessed from 
patients that had his gastric pacer. Dr. 
Cigaina’s suspicion was correct, and he 
determined that the gastric pacer worked 
not because it was stimulating the 
stomach, but rather because it was 
producing a signal to the brain that 
rebalanced the ANS. Many of the diseases 
related to the metabolic syndrome were 
treated when the ANS was rebalanced. 
This result (see exhibits 1-3) is consistent 
with the work of Wang, et al., who found 
that gastric stimulation activates the 
hippocampus and other regions that are 
part of the brain circuitry related to eating 
behavior.

 
 

 
(**) Excess Weight Loss: defined by the 1983 Metropolitan Life Insurance Height/Weight tables, using medium frame as 
midpoint. 
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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
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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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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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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
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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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Exhibit'2.'The$subset$of$pa0ents$in$Group$4,$who$started$using$a$new$Screening$
Algorithm$in$2003$as$part$of$its$inclusion$criteria.$The$introduc0on$of$this$

algorithm$has$greatly$improved$weight$loss$results.$$

Exhibit'1.$Group$4$(Private$Pa0ents),$the$largest$group,$can$be$subdivided$into$
the$ini0al$group$(2002)$shown$above,$and$the$group$that$is$now$using$the$new$

screening$algorithm$for$inclusion$(2003)$shown$in$exhibit$2.$$

Exhibit'3.'Of$the$coHmorbidi0es,$blood$pressure$showed$the$strongest$

and$most$immediate$improvement$with$gastric$s0mula0on.$Reduc0ons$

in$both$systolic$(A)$and$diastolic$(B)$blood$pressure$during$gastric$

s0mula0on$far$exceeded$the$expected$improvements.$
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Importantly, there were no medical side 
effects from the gastric pacer but a major 
drawback was that it required surgery. In 
addition, there were two negative 
technical issues: the lead connecting to the 
stomach could become detached, and the 
battery would have to be replaced a 
number of times (each requiring another 
surgery). Also, as pointed out by Famm, et 
al., existing stimulation devices send out a 
very broad set of signals without 
understanding all the effects and do not 
target a specific problem.  

III. The	Brain	NeuroModulator	

Dr. Cigaina realized that stimulating the 
stomach was not the key to addressing the 
metabolic syndrome. Rather, the 
metabolic syndrome could be addressed 
by directly sending a signal to the brain 
to increase the parasympathetic tone in 
order to rebalance the ANS. From the 
approximately 900 gastric pacer implants 
he performed on humans, he was able to 
collect a significant amount of data on the 
relationships among sympathetic tone, 
parasympathetic tone and HRV. Through 
detailed research, Dr. Cigaina was able to 
identify the precise signal that was being 
sent to the brain to increase the 
parasympathetic tone and rebalance the 
ANS. 
 
After Transneuronix was sold to Medtronic, 
Dr. Cigaina began to work on a completely 
new, cutting-edge device, the Brain 
NeuroModulator. The BNM sends the 
precise signal identified by Dr. Cigaina to 
the region of the brain associated with 
ANS activity: the hippocampus and basal 
ganglia. The research of Wang, et al. 

established “the importance of the 
hippocampus in modulating eating 
behaviors linked to emotional eating and 
lack of control.” The BNM pinpoints the 
appropriate area of the brain and sends a 
very specific signal in order to increase the 
parasympathetic tone. 
 
The BNM is implanted in the wall of the 
stomach with a digestive endoscope in a 
simple outpatient procedure. It is 
important to re-emphasize that the BNM is 
not interacting with the stomach, but is 
sending a direct, precise signal to the 
brain. The BNM is placed in the wall of the 
stomach, as this has proved to be an 
efficient location for sending a signal to 
rebalance the ANS. 
 
The BNM definitively ends the age of 
“nervous stimulation” and introduces the 
new era of precise signaling to the brain. 
The BNM acts as an artificial neuron, 
producing an action potential of the 
parietal gastric neuronal network cells. The 
digestive signals delivered to the brain 
adjust the ANS by increasing the original 
parasympathetic tone. Using the stomach 
as the gateway, the BNM becomes part of 
the nervous system in a simple and 
nonaggressive manner. 
 
Famm, et al. have identified 
“electroceuticals” as an area that will 
revolutionize medicine, and they begin 
their article with the following: “Imagine a 
day when electrical impulses are a 
mainstay of medical treatment.” Later, 
they state: “We believe that it is now 
possible to create medicines that control 
action potentials in individual neurons and 
in functional groups of them.” This is 
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precisely the focus of the BNM on a 
holistic level, as our bioelectric medicine 
directly rebalances the ANS.  

IV. Summary	and	Conclusions	

Applying therapy to a functional disease 
must continue forever. A medical approach 
with drugs has to consider the negative 
side effects. Only a neurological balancing 
of the body’s system can eliminate the 
need for continued therapy and the side 
effects from drugs. MedAutonomic’s 
technology has a solid grounding in the 
science and research related to the ANS. 
Based on the 20-year experience of Dr. 
Cigaina, MedAutonomic is developing the 
BNM to address various functional 
diseases related to the metabolic 
syndrome.  Neuromodulation is a new way 
to treat these diseases, and we are on the 
cutting edge of bioelectric medicine. 
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