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Abstract
The lack of an effective medical treatment for gastro-
paresis has pushed the research of new techniques 
of gastric electrical stimulation (GES) for nearly half a 
century of experimentation with a large variety of elec-
trical stimuli delivered to the gastric wall of animals and 
patients with gastroparesis. Three principal methods are 
currently available: gastric low-frequency/high-energy 
GES with long pulse stimulation, high-frequency/low-
energy GES with short pulse stimulation and neural 
sequential GES. The first method aims to reset a regular 
slow wave rhythm, but has variable effects on contrac-
tions and requires devices with large and heavy bat-
teries unsuitable for implantation. High-frequency/low-
energy GES, although inadequate to restore a normal 
gastric electro-mechanical activity, improves dyspeptic 
symptoms, such as nausea and vomiting, giving patients 
a better quality of life together with a more satisfactory 
nutritional status and is suitable for implantation. Unfor-
tunately, the numerous clinical studies using this type 
of GES, with the exception of two, were not controlled 
and there is a need for definitive verification of the ef-
fectiveness of this technique to justify the cost and the 
risks of this procedure. The last method, which is neural 
sequential GES, consists of a microprocessor-controlled 
sequential activation of a series of annular electrodes 
along the distal two thirds of the stomach and is able to 

induce propagated contractions causing forceful empty-
ing of the gastric content. The latter method is the most 
promising, but has been used only in animals and needs 
to be tested in patients with gastroparesis before it is 
regarded as a solution for this disease.
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INTRODUCTION
Gastroparesis is a chronic disorder characterized by a se-
vere functional delay in gastric emptying (GE), which not 
only causes distressing symptoms, such as upper abdomi-
nal discomfort or pain, a sense of  epigastric fullness after 
meals, early satiety, nausea, and vomiting, but may also lead 
to nutritional depletion requiring enteral or parenteral nu-
trition. The treatment of  this condition represents a clini-
cal challenge and is one of  the most disappointing areas 
in medicine. The current available medical therapy is rep-
resented, by dietary modifications and administration of  
prokinetic agents, such as domperidone, metoclopramide 
and derivatives, cholinomimetics, such as neostigmine, 
macrolides, such as clarithromycin, erythromycin, and 
“motilides” and, more recently, the 5HT4 selective agonists, 
such as prucalopride[1], while cisapride has been withdrawn 
from most markets due to its dangerous side effects which 
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affect the heart. However, some patients with gastroparesis 
can not undergo chronic treatment with prokinetic drugs, 
due to the occurrence of  severe side-effects, such as ner-
vous disturbances caused by metoclopramide, hyperpro-
lactinemia due to domperidone, and antibiotic activity with 
erythromycin. In addition, tachyphylaxis may occur with 
some drugs, such as domperidone and erythromycin, and 
refractoriness to prokinetic agents is observed in a signifi-
cant number of  patients. The intrapyloric endoscopic in-
jection of  botulinum toxin seems to relieve the symptoms 
of  gastroparesis[2,3]. However, a preliminary controlled 
double-blind study apparently failed to confirm previous 
results with regard to symptoms, although showed a signif-
icant improvement in solid GE[4]. If  all of  these treatments 
are unsuccessful and nutrition “per os” is insufficient, pa-
tients must undergo enteral nutrition. Surgical jejunostomy 
performed by laparoscopy and percutaneous endoscopic 
jejunostomy are indicated for patients with refractory gas-
troparesis unable to maintain sufficient nutrition “per os”, 
in order to provide nutrients, fluids and medications[5], on 
condition that there are no motor disturbances of  the in-
testine, such as pseudo-obstruction. If  enteral nutrition is 
not possible, the patient is usually referred to the surgeon 
for partial or even subtotal gastrectomy with Roux en Y 
reconstruction[6]. If  gastric resection is risky, or refused by 
the patient, or does not resolve the nutritional problems, 
the patient must undergo permanent enteral or parenteral 
nutrition. No alternative to surgery and chronic artificial 
nutrition was imaginable until 1963, when investigators 
hoped that gastric electrical stimulation was a new way 
to cure ileus[7]. Following cardiac stimulation with a pace-
maker, these authors thought that it would be sufficient to 
deliver an electrical stimulus to the gut wall to restore an 
efficient contraction. However, this simple idea turned out 
to be more difficult than expected and remained a dream 
for decades, because the electrical activity, that governs the 
motor function of  the stomach, is much more complex 
than that of  the heart. 

The present paper presents a critical overview of  
various methods of  gastric electrical stimulation used in 
animals and humans aiming to restore efficient gastric 
motor function and improve dyspeptic symptoms in gas-
troparesis.

GASTRIC MYOELECTRICAL ACTIVITY
To understand the mechanism of  gastric electrical stimula-
tion it is necessary to know what gastric myoelectrical activ-
ity is. This consists of  an uninterrupted sequence of  elec-
trical potential variations called “slow waves”, that spring 
out continuously, at a frequency of  about 3/min in man, 
from a small zone of  the proximal gastric corpus near the 
great curvature (pacemaker area), and propagate distally 
along the gastric wall toward the pylorus in the form of  
incomplete depolarization-repolarization annular bands. 
When the depolarization reaches a determined threshold, 
the smooth muscle cell membrane depolarizes completely 
with consequent contraction and another kind of  electri-
cal activity, called “spike potentials”, appears superim-

posed on the second part of  the slow wave[8,9] (Figure 1).  
The origin of  slow waves lies in the interstitial cells of  
Cajal type Ⅰ (ICC), a series of  highly ramified cells lo-
cated between the longitudinal and circular muscle coats, 
making close contacts with the Auerbach plexus and the 
smooth muscle cells of  both layers mediating the cholin-
ergic excitatory and nitrergic inhibitory inputs[10]. These 
cells, also called myoneural, have the property of  automat-
ically generating and transmitting to smooth muscle cells, 
the slow waves with an intrinsic frequency decreasing cau-
dally[10,11]. The absence of  ICC is associated to the absence 
of  coordinated slow waves[12] and depletion of  these cells 
in pathologic conditions, such as diabetic gastroparesis, 
may interrupt the propagation of  both spontaneous and 
artificially paced slow waves[13].

Hence, the orad area generates the most frequent slow 
wave activity and functions as a pacemaker. Slow waves 
initiated at proximal areas migrate caudally and “capture” 
(“entrain”) contiguous distal areas of  less frequent intrin-
sic activity, driving them at their own rate (“coupling”). 
The slow waves propagate from one cell to another 
through special contacts in the cell membrane called “nex-
uses”, which provide a pathway of  low electrical resistance 
regulated by the neuro-humoral control system. From 
these data one can understand the complexity of  gastric 
myoelectrical activity and the importance of  its role in 
gastric motor function. It represents the end point of  the 
motility control system, on which neurocrine, endocrine 
and paracrine systems operate, and, as it establishes fre-
quency, direction and propagation velocity of  peristaltic 
waves, it may be considered the indispensable condition 
(“conditio sine qua non”) of  any coordinated motor activ-
ity of  the stomach[14].

In gastroparesis, there are more or less severe altera-
tions in gastric myoelectric activity[15], which may be record-
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Figure 1  Gastric myoelectric and pressure activities recorded with an in-
traluminal electromyographic and manometric technique from the gastric 
antrum of a healthy subject during a period of absence of pressure waves 
(top tracing) and a period of contractile activity (bottom tracing). Note the 
slow waves of normal morphology and the frequency of 3 cycles/min that in 
correspondence with the contractions are followed by bursts of spikes[16]. EMG: 
Gastric myoelectric; Pn: Pneumogram; P: Pressure.
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ed with intraluminal, serosal and cutaneous electrodes[16,17].  
The electrogastrographic alterations consist of  various kinds  
of  arrhythmias (Figure 2), very similar to those observed 
on the electrocardiogram in some cardiac diseases, such as 
tachygastria, tachyarrhythmia, bradyarrhythmia, asystolia 
(electrical silence), and gastric fibrillation[16]. The latter is a 
complete disorganization of  gastric electrical activity due 
to impairment of  coupling and propagation of  gastric 
slow waves. All these alterations result in a lack of  propa-
gated gastric contractions with a more or less severe delay 
in GE. However, it is also possible that, despite a regular 
slow wave rhythm, the gastric wall is unable to contract 
(electro-mechanical dissociation), because of  alterations in 
the smooth muscle cell contractile system activation and 
operation.

It is paramount to remember that the motility struc-
tures of  the gastric wall, such as the smooth muscle cell 
contractile system, interstitial cells of  Cajal pacemaker 

network, enteric neurons (motor, sensory, integratory) and 
afferent and efferent fibres connected with the CNS, work 
using a depolarization-repolarization mechanism. An elec-
trical stimulus delivered to the gastric wall may influence 
the electrical activity of  these structures with consequent 
modifications of  their function and its effect depends on 
the characteristics of  excitability of  the target tissues and 
on the stimulus parameters.

GASTRIC ELECTRICAL STIMULATION
Gastric electrical stimulation (GES) consists of  the deliv-
ery of  electrical stimuli by means of  electrodes implanted 
in the musculature of  the gastric wall which are connected 
to a stimulator device in order to restore effective gastric 
contractions with normal GE and improve the symptoms 
of  refractory gastroparesis.

Since the 1960s, many investigators have tried to re-es-
tablish normal gastric myoelectrical activity to generate co-
ordinated peristaltic activity in patients with refractory gas-
troparesis[18]. They used a large variety of  electrical stimuli 
differing in pulse width, amplitude and frequency with 
diverse approaches and various results. It is the difference 
in frequency of  the electrical stimuli from 3-4 cycles/min  
(cpm) to 50 cycles/s (Hz), which is mainly responsible for 
the different effects on the target structures of  the gut 
wall.

Two principal types of  GES are available: (1) Low-
frequency/high-energy GES with long pulse stimula-
tion, the frequency of  which is just above that of  the 
native slow wave with a pulse duration in the order of  
some tenths of  a second; and (2) High-frequency/low-
energy GES with short pulse stimulation, the frequency 
of  which is markedly above that of  the native slow wave 
with a pulse duration less than one thousandth of  a sec-
ond, delivered singly or in bursts of  various length.

Low-frequency/high-energy GES with long pulse (gastric 
electrical pacing)
The electrical stimulus likely activates the interstitial cells 
of  Cajal and/or muscle cells directly without involving 
intramural cholinergic nerves, because the administration 
of  atropine does not block the appearance of  electrical-
ly-induced slow waves[19].

This stimulation is called low-frequency/high-energy 
GES, because the frequency is slightly above that of  the 
slow wave and its request for energy is high, due to pro-
longed delivery of  a pulse current, for which it is also 
called “long pulse stimulation”. It may be properly defined 
as “gastric electrical pacing” (GEP), as it refers to electri-
cal stimuli which are aimed to induce propagated slow 
waves that replace the spontaneous waves. 

If  a pulse stimulus with a constant current of  2-4 mA 
lasting 30-500 ms is given to the gastric wall during a non-
refractory period, an extra slow wave is induced, which 
propagates along the gastric wall both in oral and aboral 
directions, depending on the site of  stimulation[20,21]. 
When a series of  stimuli is given, a series of  slow waves 
is induced (entrainment) only if  the stimulus frequency is 
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Figure 2  Electrogastrographic alterations. Series of alterations in the gastric 
myoelectric activity recorded with an electromyographic and manometric tech-
nique from the gastric antrum of patients with severe gastroparesis in confront 
with (A) normal myoelectric activity recorded in a healthy subject showing slow 
waves of normal morphology and frequency of 3 cycles/min. B: Tachygastria; 
C: Bradygastria; D: Run of high frequency tachygastria; E: Bradyarrhythmia; F: 
Complete disorganization of myoelectric activity (“gastric fibrillation”). Note that 
all these alterations are associated with absence of gastric contractions[1]. EMG: 
Gastric myoelectric; Pn: Pneumogram; P: Pressure.
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slightly above that of  the intrinsic frequency, but not more 
that 4.7 cpm in man[18,20,22] (Figure 3). The entrainment, 
however, is not sufficient to re-establish a propagated 
contraction in all cases and consequently to improve GE, 
especially if  the neuromuscular structures are severely 
damaged[20]. In fact, GEP in dogs following stimulation of  
100-300 ms duration, 5-7 cpm frequency and 2-4 mA am-
plitude was able to entrain slow waves, even after an artifi-
cial gastroparesis induced by the association of  vagotomy 
and glucagon, but the effect on gastric contraction and 
GE was obtained only in some cases[18,23-27]. However, in 
patients with gastroparesis, GEP performed by means of  
an external device and transcutaneous electrodes fixed in 
the proximal corpus, with a frequency of  3-3.3 cpm, an 
amplitude of  2-4 mA and a pulse duration of  30-300 ms, 
was able to induce a regular rhythm in most patients, and 
in some cases restored efficient contractions, accelerated 
GE and improved symptoms[28-32].

In conclusion, besides these limitations this kind of  
extrinsic pacing may re-establish a normal frequency of  
slow wave activity in gastric dysrhythmias, but does not 
guarantee the appearance of  true contractions and con-
sequent improvement in GE, especially in conditions 
of  severe gastric atony, and has little effect on vomiting. 
Unfortunately, long duration pulses require high energy 
which must be provided by batteries too heavy and large 
to be implanted in a patient for long-term treatment.

High-frequency/low-energy GES with short pulse (gastric 
neuro-stimulation)
This type of  stimulation is called “high-frequency GES” 
(HF-GES), because the frequency of  the stimulation 
is well above the intrinsic frequency, and is also called 

“high-frequency/low-energy” GES, because it requires 
a low quantity of  energy, and, being short the length of  
pulse, is also called “short pulse stimulation”. 

If  a series of  stimuli of  2-5 mA amplitude is deliv-
ered to the gastric wall with a frequency higher than 4.8 
cpm cycles/min at 2-5 mA, no slow waves are induced, 
because the frequency stimulus is above the “maximum 
driven frequency” of  the stomach. The native slow wave 
continues to spread with its own frequency and slight 
modifications, while the effects on contractions and GE 
are variable[27,33-38]. Stimulation may be performed with a 
single pulse of  constant current[35] of  short duration (ap-
proximately 300 µs) or by a couple of  pulses of  300 µs  
at 70 µs intervals[34] or by a burst of  pulses of  high fre-
quency (up to 50 Hz)[33] and variable length. As the power 
consumption is low, this system does not require un-
wieldy batteries and allows the implantation of  a portable 
device. 

The type of  HF-GES most used is performed with an 
implantable stimulator called Enterra (Medtronics, Min-
neapolis, MN, USA). It delivers electrical stimuli consisting 
of  couples of  pulses with a frequency of  14 Hz, amplitude 
5 mA, duration 330 µs, which are delivered for 0.1 s at a 
frequency of  12 cpm[39] (Figure 4). The electrodes are posi-
tioned via laparotomy or laparoscopy in the musculature of  
the gastric corpus, whereas the pulse generator is inserted 
in a subcutaneous pocket[34,40,41]. This method of  stimula-
tion is approved by the USA Food and Drug Administra-
tion (FDA) within certain limits on humanitarian grounds 
and in a few selected centres of  research with the approval 
of  the Institutional Preview Board, to be used in patients 
with diabetic or idiopathic refractory gastroparesis, but has 
not been authorized by NICE in the UK. Moreover, some 
centres in the USA have discontinued the implantation of  
this device, because of  few benefits to patients in terms of  
cost and risks.

With regard to the effects of  HF-GES on gastric 
electro-mechanical activity, the slow waves remain prac-
tically unchanged[19,24,26,27,35,37,38], whereas the effects on 
contractions are contradictory[19,26,27,37]. This may be due 
to the fact that none of  these investigators considered the 
possible spontaneous occurrence of  activity fronts of  the 
migrating motor complex that may increase the motil-
ity index casually in correspondence with the period of  
stimulation. GE was found to be unchanged, worsened 
or improved, sometimes after months or years of  stimu-
lation[26,34,35,38,42-51]. However, these studies were not con-
trolled and in some cases the patients continued to take 
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prokinetic drugs during the period of  stimulation[35,38]. 
Some investigators solved the problem of  little effect on 
GE by adding a pyloroplasty to GES obtaining an obvi-
ous improvement in GE[52]. Other investigators devised a 
dual stimulation protocol alternating pulses of  short dura-
tion (0.3 ms) with pulses of  long duration (500 ms) every 
10 s with the aim of  obtaining not only an antiemetic ef-
fect, but also to correct dysrhythmias and improve GE[53]. 
In conclusion, the effect of  HF-GES on slow waves and 
contractions is absent or at least dubious, while there is a 
slight and inconstant effect on GE.

With regard to the effects of  HF-GES on symptoms 
of  gastroparesis, the first uncontrolled trials from a small 
number of  centres reported significant and prolonged 
gastric symptoms improvement in both diabetic and idi-
opathic gastroparesis with about 80% reduction in nausea 
and vomiting[34,46,54-59]. One further study[48] from three 
regional centres regarding 214 patients carrying the device 
for an average of  4 years, reported a continued improve-
ment of  at least one of  the gastroparesis symptoms in 
50% to 92% of  patients. However, no symptom score 
and quality of  life measurements at baseline and at follow-
up were carried out with respect to a control group of  25 
non-implanted patients. In addition, no survival benefits 
were observed in implanted patients with respect to non-
implanted patients. 

The major fault in all these studies was the absence 
of  a double-blind randomized crossover design, with the 
exception of  one complete study[60] and one abstract[61]. In 
the first study which included the Enterra system, 33 pa-
tients (17 diabetic and 16 idiopathic) were randomized to 
ON and OFF stimulation for 1 mo periods in a double-
blind crossover design, followed by a non-blinded ON 
period of  6-12 mo. With regard to the results there were, 
however, as noted in a follow-up “Letter to the Editor”[62],  
discrepancies between the initial submission to the USA 
FDA, where a decrease in vomiting frequency was re-
ported without significant differences between the ON 
and OFF periods, and the subsequent publication in 
Gastroenterology, where a reduction in vomiting frequency 
was observed in diabetic patients during the ON period 
and not during the OFF period. The decrease in vomiting 
frequency continued during the uncontrolled phase of  
stimulation, confirming the results of  other studies[58], but 
no significant decreases in postprandial fullness, early sati-
ety, pain and bloating were observed. Due to these limited 
results, the authors announced in a reply to the previously 
reported “Letter to the Editor”[62], that a new controlled 
double-blind multicentre trial of  GES with Enterra was 
underway. 

The results of  a new prospective multicentric double-
blind randomized controlled crossover study with Enterra 
was presented at the DDW of  2010[61] on the effects ob-
served in 32 patients with idiopathic gastroparesis. After 
6 wk of  stimulation, a double-blind randomized consecu-
tive 3-mo crossover period with the device ON or OFF 
was followed by an unblinded ON period up to 12 mo 
after implantation. However, during the crossover period 
there was a non-significant reduction in weekly vomiting 
frequency with a median of  9.8 episodes during the OFF 

period vs 6.4 during the ON period. At one year after im-
plantation, symptoms and quality of  life were significantly 
improved as well as GE at 2 h, but not at 4 h. 

In patients treated with this system the decrease in 
vomiting was associated with an improvement in some 
nutritional parameters, such as body weight and serum 
albumin, and with a decrease in necessity for parenteral 
or enteral nutrition. In addition, the need for visits and 
hospitalization and the use of  prokinetic and antiemetic 
drugs were significantly decreased, whereas in diabetic 
gastroparesis the glycaemic control was improved, as 
well as the health-related quality of  life[34,46,49,50,56,57,60]. A 
comparison between medical therapy for gastroparesis 
and the necessity for health care resources was deter-
mined, however, this was carried out only in one study 
with a very small randomized control group and without 
a detailed indication of  the drugs and doses used[55].

Other studies on the effect of  GES were performed 
in other types of  patients with gastroparesis, such as 
those who underwent a partial gastric resection with or 
without Roux en Y gastric bypass and those who under-
went esophagectomy or heart-lung and kidney-pancreas 
transplant procedures[42,63,64], who reported a decrease in 
symptoms for long periods of  time. However, the energy 
requirement for successful stimulation was higher in pa-
tients with postsurgical gastroparesis with respect to any 
other type of  gastroparesis[65].

The major problem with this procedure is the scarce 
responsiveness which may occur in patients with promi-
nent bloating or pain[58], and in idiopathic with respect to 
diabetic gastroparesis[58,60]. Also, patients with interstitial 
cell of  Cajal loss showed little response to HF-GES[66]. 
The possible causes of  a poor response may lie in the 
incorrect positioning of  electrodes and in opiate use at 
the time of  implantation which may blunt the response to 
stimulation[58]. Consequently, some investigators suggest 
an intraoperative endoscopic ultrasound to confirm the 
correct positioning of  the electrodes within the gastric 
muscle layer[67]. To test the response before the implanta-
tion of  a permanent stimulatory device, other investiga-
tors placed percutaneous stimulating electrodes at the time 
of  gastrostomy or used a PEG technique[68]. Self  anchor-
ing percutaneous electrodes have been used[69,70], which 
may allow prolonged stimulation up to 2 mo[71]. Other 
investigators propose to adjust the stimulation parameters 
using hand-held programming devices to increase the 
voltage or pulse frequency. 

Another important problem of  the Enterra system 
is the complications that may take place in up to 20% of  
patients, such as infections, migration and erosion of  the 
stimulating device[34,60], stomach wall perforation, pain 
due to adhesive bands from pacing wires to the abdomi-
nal wall[72], dislodgment, breakage and erosion of  leads 
into small bowel[73], and stomach wall perforation and 
intestinal obstruction. All these complications require 
another surgical intervention and are sometimes lethal[46]. 

The mechanism of  action of  this type of  HF-GES is 
unknown. In fact, symptom improvement is not due to an 
entrainment of  slow waves, or to a correction of  underly-
ing slow wave dysrhythmias[56,74], or to an improvement in 
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GE. The improvement in symptoms was associated with a 
decrease in gastric retention at 4 h in rare cases[43], whereas 
in the majority of  cases there was a discrepancy between 
the improvement in symptoms and the disappointing 
results on gastric motor function. A decrease in vomiting 
with the Enterra system was also observed in patients with 
hereditary intestinal pseudo-obstruction or with simple 
functional dyspepsia[70,75], as well as in patients with nausea 
and vomiting regardless of  GE rates[74,76]. These results 
indicate the existence of  a mechanism independent of  
GE improvement. The fact that in a couple of  controlled 
studies[60,61] a similar improvement in symptoms occurred 
during the crossover double-blind ON and OFF stimula-
tion, suggests that this mechanism could be a placebo 
effect or that the surgery itself  on the stomach and ab-
dominal wall may have given rise to some kind of  afferent 
stimuli that decreased the sensation of  nausea and vomit-
ing. In addition, a spontaneous improvement in gastric 
motility and dyspeptic symptoms cannot be excluded, as 
this was noted in patients with postviral gastroparesis and 
in patients with intractable diabetic and idiopathic gastro-
paresis under tube feeding, who resumed spontaneously 
with oral feeding[5,77,78]. No significant effect on the blood 
levels of  gut hormones with gastrokinetic activity, such as 
motilin, gastrin, neurotensin and pancreatic polypeptide 
was observed. Other investigators took into consideration 
modifications in sympatho-vagal activity, adrenergic and 
cholinergic functions[79,80] or modulation of  thoracic spinal 
neurons activity[81], as well as that of  the paraventricular 
nucleus of  the hypothalamus[82] and that of  the thalamus, 
which were found on PET to be activated in gastroparetic 
patients by gastric stimulation[80]. However, the hypoth-
esis that the device acts through vagal pathways[54,83] was 
disproved by the fact that HF-GES also works well in 
patients with vagotomy[42]. Symptom improvement is pos-
sibly due to an action on afferents fibres[84] which inhibit 
the vomiting centre or influence symptom perception in 
the brain or promote fundic relaxation through nonvagal 
nitrergic pathways[38,85-87]. In fact, experiments with a gas-
tric barostat showed that HF-GES decreases sensitivity to 
gastric distension and enhances gastric accommodation to 
a meal in patients with severe idiopathic gastroparesis[85]. 
As to why this kind of  GES improves nausea and vomit-
ing remains an enigma.

Neural sequential GES is another type of high-frequency 
GES
The application of  a train of  electrical square waves with 
a duration of  a few ms and a frequency > 50 Hz with an 
amplitude of  8-16 V for 4-16 s invokes a contraction of  
the gut wall at the site of  the electrodes. This type of  elec-
trical stimulation induces a release of  acetylcholine from 
the intramural cholinergic fibres, which in turn stimulates 
muscle cell contraction. In fact, its effect is prevented by 
the previous administration of  atropine[88] and for this rea-
son is called “neural GES”[89]. This contraction, however, 
does not propagate spontaneously, but either circumfer-
entially and aborally[90]. To have a contraction involving a 
circular band of  gastric musculature it is necessary to use 

a circular chain of  electrodes, and to have a propagated 
contraction it is necessary to employ a series of  these 
electrodes encircling both the corpus and the antrum, 
activating them sequentially (“neural sequential GES”)[88]. 
The spontaneous slow wave is overwhelmed by these 
electronically co-ordinated contractions. This system has 
the advantage of  working both when spontaneous waves 
show a regular rhythm, but are unable to induce efficient 
pressure waves, and when slow waves are arrhythmic, un-
coupled, completely disorganised and not responding to 
low-frequency pacing. 

Mintchev et al[89,91] with the aid of  a series of  4-6 ring 
electrodes placed in the corpus and antrum of  dogs, 
sequentially activated by a microprocessor (Figure 5), 
was able to induce strong propagated contractions, that 
increased GE of  both liquids and solids. The effective-
ness of  this type of  GES was also demonstrated in a 
gastroparetic patient at the time of  laparotomy[89]. Acute 
and chronic canine studies confirmed the feasibility of  
this microprocessor-controlled stimulation method with 
an implantable multichannel stimulator[92], which may be 
externally controlled with radiofrequency[93,94].

However, before initiating studies in patients with 
gastroparesis, chronic experiments in animal models are 
necessary with an implantable device to evaluate not only 
the long-term efficiency of  this method and the possible 
incidence of  surgical complications, but also to assess the 
pathophysiologic influence of  electrical current pulses 
on neuromuscular structures of  the gastric wall and the 
effects of  the strong antral contractions in the manage-
ment of  gastric content. In fact, one must bear in mind 
the motor function of  the pylorus and duodenum when 
antral contractions occur. If  the pylorus remains open 
during stimulation, the strong artificial contractions may 
cause a rapid GE of  food particles with consequent risk 
of  maldigestion and dumping syndrome, as suggested by 
Hasler[95], because the “intestinal brake” is lacking. In ad-
dition, if  there is a non-propulsive motor disorder of  the 
small intestine, an accumulation of  material in the intesti-
nal lumen may take place, which may give rise to a func-
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Figure 5  Characteristics of one sequential gastric pacing stimulation pro-
tocol in dogs are shown from the proximal (1) to the distal (4) electrodes, 
that were positioned along the gastric corpus and antrum at 4 cm interval. 
Four second duration pulse trains with an amplitude of 14 V and a frequency of 
50 Hz were delivered in synchronized fashion with a 4 s lag between adjacent 
stimulus sites[89]. 
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tional obstruction. If  the pylorus does not open, as may 
happen in patients with diabetic gastroparesis[96], strong 
artificial contractions could accumulate the gastric content 
against the closed pylorus with consequent abnormal an-
tral distension and possible occurrence of  pain. 

Finally, we are not sure that the normalization of  GE 
will be accompanied by the disappearance of  dyspeptic 
symptoms, if  there is visceral hypersensitivity, as happens 
in patients with dyspepsia despite normal GE[97]. However, 
we believe that the problem of  gastric stasis is crucial in 
gastroparesis and should be corrected in any case. In fact, 
besides the severe consequences on symptoms and nutri-
tion and the negative effect on the glycaemic control of  
diabetes, it may cause “per se” gastric damage, such as gas-
tritis (which may be erosive in diabetics), phytobezoars[98] 
with possible ulceration, obstruction and gastric perfora-
tion and pharmacobezoars comprised of  medications[99].

From these considerations we believe that an in-depth 
experimentation of  neural sequential GES in various 
pathophysiological conditions associated with gastropare-
sis is mandatory.

COMMENT AND CONCLUSION
Many investigators have been engaged in resolving the 
problem of  gastric electrical stimulation in the last half  
century with different approaches and various outcomes. 

Low-frequency/high-energy GES, known as gastric 
electrical pacing with long pulse stimulation, is able to in-
duce a regular rhythm, restore efficient contractions, and 
improve GE and symptoms in some cases of  gastropare-
sis, but requires a high quantity of  electrical current, which 
can only be provided by a device too large and heavy to 
be implanted and for this reason is not suitable for clinical 

studies. However, with the progress in electronic miniatur-
ization and in the potency of  batteries this method may 
be considered again in the future.

High-frequency/low-energy GES with short pulse 
stimulation, such as the Enterra system, although it does 
not significantly modify slow wave and motor activity 
and does not consistently resolve the problem of  delayed 
GE[34,46,60], shows, however, a good effect on nausea and 
vomiting with slight but significant improvement in nutri-
tional depletion and health-related quality of  life[34,48,57,100]. 
However, the possibility of  spontaneous improvement or 
a placebo effect cannot be ruled out for sure and there are 
many considerations regarding the clinical use of  this type 
of  GES. 

First, one must keep in mind that up to 20% of  pa-
tients develop more or less severe complications, some-
times lethal, related to implantation of  the device[46].

Second, 13% of patients are non-responders[60], es-
pecially those with idiopathic gastroparesis, and the im-
provement in nausea and vomiting may be temporary in 
50% of  patients[58] and does not include other dyspeptic 
symptoms, such as epigastric pain, which is an important 
disabling symptom compelling the patient to continue an-
algesic therapy[101]. 

Third, the benefit in nutritional parameters is low, as 
the average body weight increases were from 0.9 kg[46] to 
8.4%[34] a year. 

Fourth, when an improvement is obtained, this may 
not be any better than that obtained by a pyloric injection 
of  botulinum toxin, which avoids the need for surgery in 
up to 2/3 of  patients referred to the surgeon for GES[102]. 
Moreover, an aggressive drug treatment in suitable doses, 
taking care to recognize and avoid pseudo-refractoriness 
to these drugs, may spare implantation of  GES. In fact, 
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Figure 6  Two ambulatory 24-h gastroduodenal recordings (A and B) carried out on two separate days in a patient with apparently refractory gastroparesis by 
means of a probe with 5 miniaturized electronic pressure transducers, 5 cm apart: one in the corpus (C), two in the antrum (A1 and A2) and two in the duode-
num (D1 and D2). On the first day (A) the recording was carried out without drug administration and on the second day (B) with clarithromycin (CLA) administration. A: On 
the first day, the postprandial gastric motor activity was very low and only three activity fronts of the Migrating Motor Complex were observed, two during the night and one 
early in the morning; B: On the second day, the oral administration of clarithromycin 30 min before lunch was followed about 3 h later by a burst of powerful peristaltic con-
tractions starting in the stomach and progressing in the duodenum, followed by two others bursts at about 80 min intervals. The oral administration of clarithromycin 30 min  
before dinner induced after about 2.4 h a series of six bursts of powerful peristaltic waves in the stomach and duodenum at 80-100 min intervals[103].
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in most of  the studies examined, including those claiming 
the superiority of  GES over medical therapy[55,56], there 
was a generic statement of  refractoriness to prokinetic 
and antiemetic drugs without specifying the kind of  drugs 
and dosages. None of  the studies considered pseudo-
refractoriness due to faulty bioavailability of  the drug, 
which may take place when it is orally administered at the 
usual time interval of  30 min before meals. We performed 
a gastroduodenal 24 h-manometric examination in a gas-
troparetic patient with apparent refractoriness to prokinet-
ics and demonstrated that the drug administered 30 min 
before a meal took about 3 h to stimulate gastric motility 
(Figure 6)[103]. Gastric contractions were almost absent 
during this time, while the meal stagnated in the stomach 
causing dyspeptic symptoms. One should remember that 
in these patients about 80% of  the gastric content is still 
in the stomach 2 h after ingestion[60], and that the proki-
netic pill also takes this time to reach the intestine to be 
absorbed and stimulate gastric motility. Therefore, we 
decided to administer the prokinetic pill more than 2 h be-
fore meals to this patient and obtained a marked improve-
ment in dyspeptic symptoms associated with an improve-
ment in GE and a progressive gain in body weight[103]. 

Fifth, among the considerations that dissuade expos-
ing a patient with intractable gastroparesis to the Enterra 
system outside of  a rigorous placebo-controlled study, 
there is also the high cost of  the procedure which exceeds 
USD 20 000 and the existence of  some limitations, such 
as the necessity to avoid certain metal detecting security 
devices and magnetic resonance imaging. 

With these considerations in mind, it is advisable to 
discontinue the use of  this type of  gastric stimulator for 
gastroparesis outside properly designed double-blind con-
trolled studies, because it is a costly and risky procedure 
that does not resolve the principal problem of  gastropare-
sis, that is GE delay, and only improves vomiting with-
out significantly influencing other dyspeptic symptoms, 
such as epigastric fullness, satiety, anorexia and epigastric  
pain. 

Sequential neural GES, which is able to induce propa-
gated gastric contractions with consequent acceleration of  
GE, is the most promising method, as it affects the core 
of  the problem of  gastroparesis which is gastric stasis, 
rather than just mitigate the symptoms. However, there 
is still much research to be carried out, since to date, this 
method has been used only on animals and one patient 
with gastroparesis[89,91], therefore it is necessary to use this 
type of  GES in different pathophysiologic conditions 
of  gastroparesis. The hope is that electronic technol-
ogy could make possible an easily implantable device for 
humans, able to modulate contractile activity following 
physiologic necessities. Under these circumstances, GES 
will become able to treat gastroparesis, whereas to date 
none of  the current technologies has been demonstrated 
unequivocally to consistently accelerate GE and improve 
all symptoms in patients with gastroparesis.
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