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Abstract: Gastroesophageal reflux disease (GERD) is a difficult to treat medical condition. Inadequate 
symptom control has been cited as one of the main reasons to drive to surgical therapies for GERD. 
This unmet medical need has led to new attempts at developing less-invasive therapies for the treatment 
of GERD. Lower esophageal sphincter (LES) electrical neuromodulation has been shown to improve 
outcomes in GERD, and may represent and alternative of treatment for special subgroups of patients, such 
as esophageal dysmotility patients, sleeve gastrectomy and lung transplant patients. A concise review of 
literature was performed through PubMed. We searched to identify published studies reporting on subjective 
and objective GERD after LES-electrical neuromodulation therapy (ENT). Data evaluated included 
GERD-health-related quality of life (HRQL), extra esophageal symptoms, PPI discontinuation and patient 
satisfaction rates, pH-study metrics, severe adverse effects (AEs), and treatment failures. The aim of the 
review is to summarize the safety and efficacy of LES-ENT in GERD patients reported up to date, including 
original data from the authors. Two clinical trials have shown safety and efficacy of LES-ENT with both 
short and long-term follow-up up to 3 years. Results were comparable in a prospective multi-center registry 
of LES-ENT for GERD with 223 patients from 16 sites in Europe and Latin America with an extended 
5-year-follow up. LES-ENT has shown adequate efficacy in symptom control, medication use, acid exposure 
control, a solid safety profile and may represent an alternative treatment for patients that are not satisfied 
with PPI therapy, unable to receive a fundoplication or reluctant to undergo reported side effects. LES-ENT 
allows correction of hiatal hernia when needed, enhancing the effects of neuromodulation that can also be 
optimized after surgery. This can lead to an expanded indication of surgical therapies for those patients with 
unmet needs for GERD.
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Introduction

Gastroesophageal reflux disease (GERD) is a frequent and 
difficult to treat medical condition (1).

Inadequate symptom control has been cited as one 
of the main reasons to drive to surgical therapies for  
GERD (2), even for patients with mild symptoms. 
This unmet medical need has led to new attempts at 
developing less-invasive therapies for the treatment of 
GERD (1). Lower esophageal sphincter (LES) electrical 
neuromodulation therapy (LES-ENT), using an electrical 
current application in a power and frequency that modulates 
the local neural plexus in and around the LES has been 
shown to improve outcome in GERD patients (3,4) and 
may represent and alternative surgical option for patients 
that are not satisfied with their medical therapy. Moreover, 
in a particular subset of patients where fundoplication is 
not the best option, such as esophageal dysmotility, sleeve 
gastrectomy or lung transplants, LES-ENT may appear as 
a valid alternative. In this review, we address the state-of-
the-art technique for LES-ENT and summarize the latest 
results available on clinical studies including original data 
from an international prospective registry.

Methods

A concise review of literature was performed through 
PubMed. We searched to identify published studies 
reporting on subjective and objective GERD after LES-
ENT. All relevant articles and abstracts of all potentially 
relevant studies were evaluated. Data evaluated included 
GERD-health-related quality of life (HRQL) (5), extra 
esophageal symptoms, PPI discontinuation and patient 
satisfaction rates, pH study metrics, severe adverse effects 
(AEs), and treatment failures.

LES-ENT stimulation system

The LES-ENT Endostim device (Endostim Inc., the 
Netherlands) has three components: a bipolar stimulation 
lead with two stitch electrodes implanted by laparoscopy in 
the LES, a pulse generator implantable in a subcutaneous 
pocket and an external programmer.

Electrical neuromodulation to the LES is generated by 
the implantable pulse generator (IPG), sending electrical 
pulses of 5 mA at a rate of 20 Hz via the bipolar lead to 
the 2 stitch electrodes, implanted in the LES muscle. The 
IPG contains a non-rechargeable battery with a lifetime of  

7–10 years. Electrical neuromodulation increases LES resting 
pressure and control reflux. The external programmer 
unit initiates therapy by starting 30-min stimulation cycles  
6–12 times a day, with intensity and duration adapted to 
patient characteristics.

Surgical technique

Implantation of the IPG and bipolar lead is performed 
using laparoscopic techniques, which were described  
previously (6). In case of a hiatal hernia, this is repaired by 
standard surgical technique.

Upper gastrointestinal endoscopy is performed to 
identify the Z-line and to avoid penetration of the mucosa 
during electrode placement.

The electrodes at the proximal end of the lead are 
inserted and secured into the esophageal muscle wall. 
The distal end of the bipolar lead is retracted through the 
abdominal wall and connected to the IPG. This is tested 
before it is placed into the subcutaneous pocket, and then is 
programmed for electrical neuromodulation therapy.

Patients usually stay in the hospital for one night for 
control and are advised to wear an elastic compression 
bandage over the subcutaneous pocket and the IPG for 10 
days to prevent formation of a seroma.

Results

Safety and efficacy

Several clinical studies investigating the efficacy and 
safety of LES-ENT therapy were initiated and showed 
promising efficacy results with both short and long-term  
follow-up (3,7,8).

The results of the current studies demonstrate the safety 
of LES stimulation with an excellent side effect profile. 
Among AEs reported, none of them were unanticipated 
and were classified as device, procedure or therapy related. 
These included asymptomatic lead erosion at the 6-month 
endoscopy in a patient implanted with an investigational 
lead with a 5-mm electrode; treatment adverse events 
consisted of explant of the IPG and lead, followed by 
a Toupet fundoplication performed during the same 
procedure. Six events of pain and 2 of gastroparesis were 
reported (both gastroparesis events were of the same 
patient). Mild or moderate dysphagia occurred in four 
patients, which resolved without intervention.

Other isolated events included a patient with decreased 
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cardiac output, persisting GERD, lead dislodgment, 
palpitation, troponin raise, vomiting. All events resolved 
and four patients had the device explanted. No GI side 
effects such as diarrhea, bloating and inability to belch 
were reported. There were no unanticipated device- or 
stimulation-related adverse events or untoward sensation 
reported during the 2- to 3-year follow-up of the open label 
trial (9-11).

A recent prospective, international, and multi-center 
study, conducted at 10 sites in 8 countries evaluated efficacy 
of LES-therapy in GERD patients. With a 6 months 
follow-up, efficacy was evaluated by GERD symptoms and 
quality of life, esophageal acid exposure, LES pressure, and 
PPI usage and general quality of life measurements (8). 
GERD-HRQL improved from 31.0 (IQR, 26.2–36.8) off-
PPI and 16.5 (IQR, 9.0–22.8) on-PPI to 4 (IQR, 1.0–8.0) 
at 3-month and 5 (IQR, 3.0–9.0) at 6-month follow-up 
(P<0.0001 vs. on- and off-PPI). Oesophageal acid exposure 
(pH <4.0) improved from 10.0% (IQR, 7.5–12.9%) to 3.8% 
(IQR, 1.9–12.3%) at 3 months (P=0.0027) and 4.4% (IQR, 
2.2–7.2%) at 6 months (P<0.0001) (Table 1).

The details of the open-label trial with 2 and 3-year 
results have been reported (9-11). At 3 years, there was a 
significant improvement in their median (IQR) GERD-
HRQL on electrical stimulation compared to both their 
on PPI [9 (6.0–10.0) vs. 1 (0–2.0), P=0.001] and off PPI 
[22 (21.0–24.0) vs. 1 (0–2.0), P=0.001). Median 24-h distal 
esophageal acid exposure was significantly reduced from 
[10.3% (7.5–11.6%) at baseline vs. 3% (1.9–4.5%), P=0.001] 
at 3 years. Seventy-three % (11/15) patients had normalized 
their distal esophageal acid exposure at 3 years. Remaining 
four patients had improved their distal esophageal acid 

exposure by 39–48% from baseline. Four year follow up for 
a subset of these patients has shown similar levels of efficacy 
with median (IQR) GERD-HRQL of 3 [1–3], significantly 
improved from 9 [8–10] at baseline on-PPI (P=0.004) and 
24 [21–25] at baseline off-PPI (p50% of days with PPI  
use) (11,12).

The updated data are originals of this manuscript and are 
represented in Figure 1.

In 2017, 5-year data was published (13), 72 patients 
with 6 months post-op follow-up and 42 patients with 
12 months follow up. Ninety % (56/62) patients showed 
an improvement in their GERD-HRQL score on ES 
at 6 months and 93% (31/33) showed an improvement 
at 12 months compared to baseline. The median (IQR) 
composite GERD-HRQL score improved from 22  
(17.0–27.0) preoperatively to 7.5 (4.0–12.8) at 6 months 
(P<0.01) and from 21.0 (17.0–24.0) to 5.0 (2.0–7.0) at  
12 months (P=0.03).

A Web-based international multicenter registry allowed 
physicians to track the outcomes of their patients treated 
with LES stimulation in their clinical practice outside of 
clinical trials.

Currently, this prospective multi-center registry of LES-
ENT for GERD has enrolled 223 patients from 16 sites in 
Europe and Latin America with an extended 5-year-follow 
up. Results were encouraging regarding symptoms control, 
acid exposure and medication use. Symptoms; Heartburn 
and regurgitation were evaluated with GERD-HRQL, at 
baseline [on and off proton pump inhibitor (PPI) therapy] 
and during follow-up of electrical neuromodulation therapy. 
GERD-HRQL scores at 3 and 6 months after initiation 
of LES-therapy had improved, statistically significantly 

Table 1 Baseline on-off PPI and 6-month post-therapy results

Variable Visit interval N Median (IQR)
Change from baseline on-PPI Change from baseline off-PPI

IQR P value IQR P value

GERD-HRQL scores Baseline on-PPI 42 16.5 (9–22.8)

Baseline off-PPI 42 31 (26.2–36.8)

6 months 41 5 (3.0–9.0) −8 (−16 to −1) <0.0001 −22 (−32 to −17) <0.0001

Median % 24-hour 
esophageal pH <4.0

Baseline 42 9.9 (7.5–12.9)

6 months 40 4.4 (2.2–7.2) −5.5 (−10.2 to −2.5) <0.0001

DeMeester score Baseline 42 35.1 (27.1–51.9)

6 months 40 17.5 (10.9–23.4) −19.7 (−37 to −6.9) <0.0001

pH monitoring as % time pH below 4.0. IQR, interquartile range; PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease; 
HRQL, health-related quality of life.
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compared with baseline scores. At baseline, median GERD-
HRQL score was 23.0 (N=244). At 12-month follow-up it 
had dropped to 6.5, and at 36 months-follow up it was 3. 
These final values were within normal range (Figure 2) (11).

Post-implant esophageal pH testing was performed by 
a few sites either as standard of care or in patients with 
residual symptoms. In patients with pre-implant, and  
3–6 months (n=32) and 12 months (n=7) post-op pH, median 
24-hour esophageal acid exposure improved from 8.0% 
pre-implant to 4.5% at 3–6 months (P=NS) and from 6.2% 
pre-implant to 4.5% at 12 months (P=NS), respectively  
(Figure 3).

All patients on baseline had either persisting symptoms 
while on PPI, complain on side effects or did not wish to 
take medication lifelong. In total, 60–70% patients were 
able to completely stop PPI usage (Figure 4).

Results in specific patient populations

Laparoscopic sleeve gastrectomy (LSG)
This is now the most commonly performed bariatric 
procedure. However, LSG can result in new-onset GERD 
and may worsen pre-existing GERD. LSG patients with 
GERD not well controlled with PPI do not have good 
treatment options because the fundus is excised during the 
sleeve resection.

Preliminary results on patients with LSG and GERD 

with bothersome symptoms despite maximal medical 
therapy, treated with LES-ENT, revealed that LES-ENT 
is safe and results in a significant improvement in GERD 
symptoms and esophageal acid exposure with elimination 
for need for daily medication in the majority of subjects.

A recent study has shown the results on 10 patients with 
post-LSG GERD and underwent LES-ENT more than  
1 year after LSG (14). All patients were using daily double-
dose or higher dose PPIs before electrical neuromodulation. 
All patients reported improvement in their GERD 
symptoms shortly after initiation of LES-ENT. Median 
GERD-HRQL scores at baseline on-PPI were 25 (IQR, 
18–31) which improved to 4 (IQR, 3–10) at their last follow-
up at least 6 months on stimulation (Figure 5). Median 
distal esophageal acid exposure at baseline was 11.7% (IQR, 
8.5–22.4%), which improved to 1.93% (IQR, 0.4–2.2%) at 
their last follow-up at least 6 months on stimulation This 
is within the normal range. At their last follow-up (median 
=12 months), 75% were off-PPIs and one each was using 
PPIs on <50% of days and standard dose once a day. The 
latter was on daily PPI as GI prophylaxis for chronic steroid 
therapy for kidney transplants and not GERD symptoms.

Discussion

In this paper, we have discussed the technique and latest 
findings on safety and efficacy of LES-ENT for GERD.

Figure 1 LES-EST is effective for treating patients with GERD over a long-term 4-year duration. There was a significant and sustained 
improvement in symptoms and esophageal acid exposure. (A) GERD symptoms as measured by the composite GERD-HRQL scores at 4-year 
follow-up. Data: median, IQR. All patients reported clinically significant improvement in symptoms at 4 years compared to baseline off PPI 
and better composite GERD-HRQL scores than baseline on PPI; (B) sustained improvement in the distal esophageal acid exposure on LES 
stimulation at 4-year follow-up. Data: median, IQR. GERD, gastroesophageal reflux disease; HRQL, health-related quality of life; IQR, 
interquartile range; PPI, proton pump inhibitor; LES, lower esophageal sphincter.
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GERD has become one of the most frequent diseases of 
the upper GI tract (5).

Nearly 40% of patients are refractory to standard 
medical intervention, which typically begins with a PPI. 
The most severe cases with an impaired LES function 
as well as important anatomical disruptions are normally 
referred to surgery. Laparoscopic fundoplication remains to 
be the gold standard surgical option, with adequate long-
term outcomes but at the expense of de novo symptoms such 
as bloating, inability to belch, diarrhea or constipation. 

In this scenario, 30% to 40% of the patients with partial 
symptom control under PPI, are not willing to undergo 
a laparoscopic fundoplication because of potential post 
fundoplication’s syndromes (15). Therefore, a “treatment 
gap” exists for these patients where new alternatives may 
play an important role.

Electrical neuromodulation of the LES has recently 
shown to improve outcomes in GERD in clinical trials up 
to 4 years, and may represent an alternative for this group 
of patients. Both clinical trials and registry studies have 
shown adequate efficacy in symptom control, medication 
use and acid exposure control (9,16). Although solid long-
term data are not available yet, in patient series of up to  
5 years excellent outcomes were reported. The main 
attractive feature of LES-ENT when compared to other 
surgical therapies is the lack of commonly reported side 
effects such as bloating, diarrhea or dysphagia. This can lead 
to an expanded indication of surgical therapies for those 
patients with unmet needs for GERD that are not satisfied 
under PPI therapy but would be reluctant to undergo 
side effects to avoid that. This is a common gap that is 
considered to include up to 20% of GERD patients (15). 
In contrast to endoscopic therapies, this technique allows 
for correction of hiatal hernia, if present, while still being a 
minimally invasive procedure. Other important beneficial 
feature is the ability of the device to allow optimization of 
the neuromodulation parameters after implant. Patients that 

Figure 2 GERD-HRQL scores after initiation of LES-therapy had improved statistically significantly compared with baseline scores. At 
baseline, median GERD-HRQL score was 23 (N=244). At 36-month follow-up it had dropped to 8. GERD, gastroesophageal reflux disease; 
HRQL, health-related quality of life; LES, lower esophageal sphincter.

Effect on heartburn (GERD-HRQL)

Median (IQR) GERD-HRQL 
All Data

M
ed

ia
n 

G
E

R
D

-H
R

Q
L 

co
m

po
si

te
 s

co
re

Median (IQR) GERD-HRQL 
Paired Data

30

25

20

15

10

5

0

30

25

20

15

10

5

0
Baseline

Baseline median Follow-up median

1 month 1 month3–6 months 3–6 months12 months 12 months24 months 24 months36 months 36 months

P<0.001 at all time points vs. baseline P<0.001 at all time points vs. baseline

23.0
N=244

23.0
N=143

24.5
N=142

24.0
N=121 22.5

N=50 20.0
N=16

5.0
N=151

4.0
N=143

8.0
N=142

8.0
N=50

8.0
N=16

7.0
N=121

8.0
N=153

7.0
N=132

8.0
N=60

8.0
N=23

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

P
er

ce
nt

ag
e 

of
 p

at
ie

nt
s

PPI medication use

72%

28%

62% 64% 65%62%

38% 38% 36% 35%

1 month
n=162

12 months
n=125

24 months
n=59

36 months
n=23

3–6 months
n=129

Off PPI On PPI

Figure 3 Percentage of patients on and off PPI at 1–36 months. 
During follow-up, 60–70% of patents were able to completely stop 
PPI use. PPI, proton pump inhibitor.



Annals of Esophagus, 2018Page 6 of 8

© Annals of Esophagus. All rights reserved. Ann Esophagus 2018;1:18aoe.amegroups.com

not respond immediately after surgery can have different 
settings established and improve during the postoperative 
course. In the data presented from two different studies 
here we can observe that acid exposure control in the 
largest registry is improved but not significantly different 
to baseline as compared to the initial registry with fewer 
patients. This data is also contrasting with the excellent acid 
exposure control in the initial clinical trials. This is in partly 
explained by the fact that patients in the larger registry 

group are not undergoing pH-monitoring as standard of 
care. Moreover, patients who normally agree to repeat 
the study during the postoperative follow-up are normally 
those who are not finding a complete resolution of their 
symptoms creating a negative selection bias. Even within 
that scenario the trend is towards an improvement in acid 
exposure time which is not common in other alternative 
therapies for GERD.

Patients with GERD and other conditions where current 

Figure 4 In patients with pre-implant, and 3–6-month (n=47) and 12-month (n=14) post-op pH, median 24-hour esophageal acid exposure 
improved from 8.0% pre-implant to 7.7% at 3–6 months and from 8.4% (n=39) pre-implant to 4.5% (n=39) at 3–6 months, respectively.

Results: effect on esophageal acid exposure (pH-Metry)

24-hour pH
All Data

24-hour pH
Paired Data

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0M
ed

ia
n 

%
 2

4-
hr

 e
so

ph
ag

ea
l p

H
<

4.
0

M
ed

ia
n 

%
 2

4-
hr

 e
so

ph
ag

ea
l p

H
<

4.
0

8.9
N=217

8.4
N=39

4.5
N=39

7.7
N=47

4.85
N=14

Baseline Baseline3–6 months 3–6 months12 months

GERD-HRQL (median, IQR)

45

40

35

30

25

20

15

10

5

0

34
34

35

8.5 9
5

Baseline Baseline BaselineLast follow-up 
>6 M

Last follow-up 
>6 M

Last follow-up 
>6 M

All patients with LSG Post-LSG Peri-/Pre-LSG

P<0.0001; n=21 at 
baseline, n=20 at last 

follow-up

P<0.0001; n=16 at 
baseline, n=15 at last 

follow-up

P=0.03; n=5 at 
baseline, n=5 at last 

follow-up

Figure 5 Median (IQR) improvement in patients’ GERD symptoms at baseline off-PPI medications and at last follow-up, >6-month post-
op. IQR, interquartile range; PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease.



Annals of Esophagus, 2018 Page 7 of 8

© Annals of Esophagus. All rights reserved. Ann Esophagus 2018;1:18aoe.amegroups.com

surgical therapies are not feasible like LSG, or not advised 
like patients with severe esophageal dysmotility can benefit 
from this technology and appear to be good candidates for 
LES-ENT.

Longer term data and randomized trials are required 
to confirm these findings and expand the adoption of this 
novel medical therapy.
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