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Abstract
AIM: To evaluate the efficacy, safety, and long-term 
outcomes of endoluminal gastroplication (ELGP) in pa-
tients with proton pump inhibitor (PPI)-resistant, non-
erosive reflux disease (NERD).

METHODS: The subjects were NERD patients, diag-
nosed by upper endoscopy before PPI use, who had 
symptoms such as heartburn or reflux sensations two 
or more times a week even after 8 wk of full-dose PPI 
treatment. Prior to ELGP, while continuing full-dose PPI 

medication, patients’ symptoms and quality of life (QOL) 
were assessed using the questionnaire for the diagno-
sis of reflux disease, the frequency scale for symptoms 
of gastro-esophageal reflux disease (FSSG), gastroin-
testinal symptoms rating scale, a 36-item short-form. 
In addition, 24-h esophageal pH monitoring or 24-h in-
traesophageal pH/impedance (MII-pH) monitoring was 
performed. The Bard EndoCinchTM was used for ELGP, 
and 2 or 3 plications were made. After ELGP, all acid 
reducers were temporarily discontinued, and medica-
tion was resumed depending on the development and 
severity of symptoms. Three mo after ELGP, symptoms, 
QOL, pH or MII-pH monitoring, number of plications, 
and PPI medication were evaluated. Further, symptoms, 
number of plications, and PPI medication were evalu-
ated 12 mo after ELGP to investigate long-term effects. 

RESULTS: The mean FSSG score decreased signifi-
cantly from before ELGP to 3 and 12 mo after ELGP 
(19.1 ± 10.5 to 10.3 ± 7.4 and 9.3 ± 9.9, P  < 0.05, 
respectively). The total number of plications decreased 
gradually at 3 and 12 mo after ELGP (2.4 ± 0.8 to 
1.2 ± 0.8 and 0.8 ± 1.0, P  < 0.05, respectively). The 
FSSG scores in cases with no remaining plications and 
in cases with one or more remaining plications were 
4.4 and 2.7, respectively, after 3 mo, and 2.0 and 2.8, 
respectively, after 12 mo, showing no correlation to 
plication loss. On pH monitoring, there was no differ-
ence in the percent time pH < 4 from before ELGP to 3 
mo after. Impedance monitoring revealed no changes 
in the number of reflux episodes or the symptom index 
for reflux events from before ELGP to 3 mo after, but 
the symptom sensitivity index decreased significantly 
3 mo after ELGP (16.1 ± 12.9 to 3.9 ± 8.3, P  < 0.01). 
At 3 mo after ELGP, 6 patients (31.6%) had reduced 
their PPI medication by 50% or more, and 11 patients 
(57.9%) were able to discontinue PPI medication alto-
gether. After 12 mo, 3 patients (16.7%) were able to 
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reduce the amount of PPI medication by 50% or more, 
and 12 patients (66.7%) were able to discontinue PPI 
medication altogether. A high percentage of cases with 
remaining plications had discontinued PPIs medication 
after 3 mo, but there was no difference after 12 mo. 
No serious complications were observed in this study.

CONCLUSION: ELGP was safe, resulted in significant 
improvement in subjective symptoms, and allowed less 
medication to be used over the long term in patients 
with PPI-refractory NERD.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Non-erosive reflux disease (NERD) refers to a syndrome 
that is characterized by complaints of  reflux symptoms 
such as heartburn without endoscopic evidence of  mu-
cosal injury[1]. It accounts for more than half  of  gastro-
esophageal reflux disease (GERD) cases in Japan, as 
it does in Europe and the United States[2]. NERD and 
erosive GERD cannot be distinguished by the severity 
of  symptoms or their frequency, and they are equally 
characterized by compromised quality of  life (QOL)[3,4]. 
Proton pump inhibitors (PPIs), which are first-line drugs 
for GERD, are less effective for NERD than they are for 
erosive GERD[5]. NERD symptoms are often not ame-
nable to treatment with oral medication. It was recently 
proposed that NERD is not just a milder form of  reflux 
disease but a group of  symptoms with pathophysiologic 
mechanisms that differ from those of  erosive GERD[6]. 
It has been reported that a number of  etiologies may 
contribute to the symptoms of  heartburn, including mo-
tor events, reflux of  nonacidic gastric contents, minute 
changes in intraesophageal pH, visceral hypersensitivity, 
and emotional or psychological abnormalities[7-9]. Howev-
er, many of  the details involved in its mechanism remain 
unknown. The recent use of  ambulatory multichannel 
intraluminal impedance-pH (MII-pH) monitoring has 
made it possible to learn about various symptom-induc-
ing factors that could not be determined by conventional 
pH monitoring alone[10], and it has elucidated the patho-

physiology involved in PPI-refractory NERD. It is now 
believed that factors other than gastroesophageal reflux 
or non-acid reflux are involved in its pathophysiology[11].

The surgical treatment of  erosive GERD originated 
with Allison et al[12] in 1951. Laparoscopic fundoplica-
tion (Nissen fundoplication or Toupet fundoplication) is 
now widely used and is reportedly useful over the long-
term[13,14]. However, its inherent invasive nature as a 
surgical procedure remains problematic. In response to 
the inconvenience and non-compliance associated with 
drug use, as well as the complications associated with 
laparoscopic surgery, a number of  endoscopic techniques 
have been developed since 2000, primarily in Europe and 
the United States, as less invasive but effective methods. 
In Japan, only endoluminal gastroplication (ELGP) us-
ing the Bard EndoCinchTM (C. R. Bard, Murray Hill, NJ, 
United States) has been covered by national health insur-
ance (K667-3: 12  000 points). This procedure permits 
less invasive fundoplication to be accomplished using an 
endoscope, and it has been reported to be useful over the 
long term[15]. However, it is used in cases in which PPI 
treatment is effective. The efficacy of  endoscopic treat-
ment in PPI-resistant GERD not amenable to treatment 
with oral medication has not yet been sufficiently studied.

Until recently, NERD has been assumed to be milder 
than erosive GERD, and NERD has not been consid-
ered suitable for surgical treatment. However, surgical 
fundoplication is now performed in cases of  NERD not 
amenable to drug treatment, and its efficacy is becoming 
increasingly clear[16,17]. However, the efficacy of  endo-
scopic treatment in NERD patients has not been studied. 
Therefore, the efficacy, safety, and long-term course of  
ELGP as endoscopic treatment in patients with PPI-
resistant NERD, who are the most intractable of  NERD 
patients, were studied.

MATERIALS AND METHODS
This was a prospective study conducted at Aichi Medi-
cal University Hospital. Nineteen subjects were enrolled 
between March 2005 and June 2009 (14 males and 5 
females; average age 53.0 ± 4.3 years). The study was 
approved by the Aichi Medical University School of  
Medicine Ethics Review Board and was conducted with 
the written informed consent of  patients who had been 
given a full explanation of  the study. The subjects were 
NERD patients, diagnosed by upper endoscopy before 
PPI use, who had symptoms such as heartburn or reflux 
sensations two or more times a week even after 8 wk of  
full-dose PPI treatment (i.e., 30 mg of  lansoprazole, 20 
mg of  rabeprazole, or 20 mg of  omeprazole per day). 
The following exclusion criteria were used: < 18 years of  
age; hiatal hernia (≥ 2 cm); erosive GERD (Los Angeles 
Grade A or higher) before PPI use; Barrett’s esophagus; 
gastroesophageal varices; past history of  gastroesophage-
al surgery; gross obesity (body mass index > 40 kg/m2); 
esophageal stenosis; dysphagia; and primary esophageal 
motility disorders diagnosed by intraesophageal manom-
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etry (Polygraf  ID, Sierra Scientific, Los Angeles, CA, 
United States).

Interview and tests
Prior to ELGP, while continuing full-dose PPI medica-
tion, patients were assessed for reflux symptoms based 
on the questionnaire for the diagnosis of  reflux disease 
(QUEST)[18] and the frequency scale for symptoms of  
GERD (FSSG)[19]. The gastrointestinal symptoms rating 
scale (GSRS) was used as an indicator of  gastrointestinal 
symptoms, and 36-item short-form (SF-36)[20] interview 
was conducted as an assessment of  the activity index. 
In addition, 24-h esophageal pH monitoring (Digitrap-
per MK III, Synectics Medical, Los Angeles, CA, United 
States) or 24-h transesophageal pH/impedance monitor-
ing (Sleuth® multi-impedance pH monitoring system, 
Sandhill Scientific, Highlands Ranch, CO, United States)[10] 
was performed. After ELGP, all acid reducers were tem-
porarily discontinued, and medication was resumed de-
pending on the development and severity of  symptoms.

Reflux symptoms were assessed by the QUEST and 
FSSG interviews at 3 and 12 mo after ELGP. The GSRS 
and SF-36 interviews, as well as 24-h esophageal pH 
monitoring or 24-h intraesophageal pH/impedance 
monitoring, were performed after 3 mo. Analysis was per-
formed using the automatic analysis program BioVIEW 
Analysis® (version 5.3.4; Sandhill Scientific, Inc.)[21] to 
compare the symptom index (SI), the symptom sensitiv-
ity index (SSI), number of  reflux episodes, and number 
of  symptom events. SI is defined as the number of  
symptoms associated with reflux divided by the total 
number of  symptoms during 24 h, and it primarily as-
sesses the specificity of  a patient’s reflux symptoms; it is 
considered positive if  more than 50% of  the symptoms 
are associated with reflux[22]. SSI is defined as the number 
of  reflux events associated with symptoms divided by the 
total number of  reflux events in 24 h, and it quantifies 
the subject’s sensitivity for reflux; it is considered posi-
tive if  more than 10% of  the reflux events are associated 
with symptoms[23]. Upper endoscopy was also performed 
3 and 12 mo after ELGP to compare the number of  re-
maining plications.

ELGP method
The Bard EndoCinchTM (C. R. Bard) was used for endo-
luminal gastroplication. After the esophagus had been ex-
amined by routine endoscopy, an endoscope with a cap-
sule-shaped plication device (with a side hole) mounted at 
the tip was brought to the level of  the squamocolumnar 
junction through the over-tube, where the side hole was 
brought into close contact to draw the mucosa into the 
capsule with at least 400 mmHg of  air suction. After it 
had been confirmed that all tissue had been drawn in, a 
puncture needle with 3-0 nonabsorbable suture attached 
(suture tag), which had been inserted into the biopsy 
channel, was passed through. The suction pressure was 
released, and the capsule was carefully rotated away from 
the stitches side. A suture tag was again set up in the en-
doscope, and a second set of  stitches was placed follow-

ing the same procedure at a position rotated 30 to 60 de-
grees away from the first set of  stitches. The two sutures 
made a plication using a suturing device (knotting device) 
that had been inserted into the biopsy channel of  a sepa-
rate endoscope, and plication was completed by plicating 
the tissue in the form of  a pouch. The second and third 
plications were performed in either a linear or circumfer-
ential manner, or a combination of  the two, depending 
on the available area within the gastro-esophageal junc-
tion and position preference[23-27].

Statistical analysis
Data are shown as the means ± SD. Analysis was based 
on Wilcoxon’s signed-rank test, the Kruskal Wallis test, 
and the Steel-Dwass or χ 2 test. A significant difference 
was defined as P < 0.05.

RESULTS
Table 1 shows the characteristics of  the 19 subjects 
enrolled in this study. One patient died of  an accident 
during long-term follow-up. Therefore, only 18 subjects 
completed long-term follow-up for 12 mo. The QUEST 
questionnaire and FSSG questionnaire were each col-
lected from 19 (100%) and 12 (66.7%) subjects 3 and 12 
mo after ELGP, respectively. Ten subjects consented to 
GSRS, SF-36, and 24-h intra-esophageal pH/impedance 
monitoring. Six patients failed to attend for endoscopy at 
12 mo. No serious complications were observed in this 
study. Minor hemorrhage due to mucosal injury during 
the ELGP procedure was observed in only 2 cases.

The mean QUEST score did not change, but the 
mean FSSG score decreased significantly, from before 
ELGP to 3 and 12 mo after. The total number of  plica-
tions decreased significantly at 3 and 12 mo after ELGP 
(Table 2).

On 24-h esophageal pH monitoring, there was no dif-
ference in the percent time pH < 4 from before ELGP to 
3 mo after. Impedance monitoring revealed no changes 
in the number of  reflux episodes or the symptom index 
(SI) for reflux events from before ELGP to 3 mo after, 
but the number of  symptom events and SSI decreased 
significantly 3 mo after ELGP (Table 3, Figure 3).

At 3 mo after ELGP, 2 patients were still on full-dose 
PPI (10.5%), 6 patients had reduced their PPI medication 
by 50% or more (31.6%), and 11 patients were able to 
discontinue PPI medication altogether (57.9%). After 12 
mo, 2 patients were still on full-dose PPI (11.1%), 3 pa-
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Table 1  Patients’ baseline characteristics

Characteristics Value

Patients (n) 19
Age, yr (range) 53.0 ± 4.3 (25-82)
Sex (male:female)                       14:5 (73.7%:26.3%)
Body mass index (kg/m2) (range)       22.3 ± 0.4 (21.5-23.5)
Hiatal hernia, n (%)           18 (94.7)
PPI medication, n (%)          19 (100)

PPI: Proton pump inhibitor. 
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patients, reducing their PPI dose and improving their 
QOL. Surgical fundoplication has been shown to be ef-
fective in reducing esophageal reflux in erosive GERD, 
as well as in NERD. Omura et al[16] have reported that, 
after laparoscopic fundoplication in 21 NERD patients 
with acid or bilirubin reflux, all subjects experienced im-
provement in symptoms of  heartburn and were able to 
discontinue or reduce PPI medication. Broeders et al[17] 
performed Nissen fundoplication in 96 NERD patients 
and 117 erosive GERD patients, with improvement in 
symptoms in 89% and 96%, respectively, after 5 years. 
In addition, there were no differences between the two 
groups in terms of  the effect in reducing PPI medication, 
improving QOL score, and reducing acid exposure times, 
suggesting the long-term efficacy of  fundoplication. The 
efficacy of  surgical fundoplication thus continues to be 
established in GERD, as well as in NERD. However, 

tients had reduced their PPI medication by 50% or more 
(16.7%), and 12 patients were able to discontinue PPI 
medication altogether (66.7%) (Figure 1).

The GSRS total score, reflux score, abdominal pain 
score, and indigestion score had improved significantly 
from before ELGP to 3 mo after. Prior to ELGP, the 
SF-36 scores were all below the national standard scores. 
After 3 mo, physical functioning and overall health had 
improved significantly (Table 4).

Three months after ELGP, one or more plications re-
mained in 80%, and two or more remained in 40%. After 
12 mo, one or more plications remained in 43%, and it 
was confirmed that the sloughing off  of  plications was 
followed by scar formation in 75%. Therefore, the cor-
relation of  medication dose to loss of  antireflux function 
and symptoms induced by the sloughing off  of  plications 
was studied. The FSSG score in cases with no remaining 
plications and in cases with one or more remaining plica-
tions was 4.4 and 2.7, respectively, after 3 mo, and 2.0 and 
2.8, respectively, after 12 mo, revealing no correlation to 
plication loss (Figure 2A). After 3 mo, 33.3% and 66.7%, 
respectively, had discontinued PPI medication, whereas 
83.3% had done so in both groups after 12 mo. A high 
percentage of  cases with remaining plications had dis-
continued PPIs medication after 3 mo, but there was no 
difference after 12 mo (Figure 2B).

DISCUSSION
This is the first report showing that ELGP is useful in 
improving symptoms in Japanese PPI-resistant NERD 

Table 2  QUEST score, frequency scale for symptoms of the 
gastro-esophageal reflux disease score, and plication count 
after endoluminal gastroplication

Baseline (n  = 19) 3 mo (n  = 19) 12 mo (n  = 12)

QUEST score 5.7 ± 4.1  4.2 ± 4.5 2.5 ± 4.2
FSSG score 19.1 ± 10.5 10.3 ± 7.4a  9.3 ± 9.9a

Plication count 2.4 ± 0.8   1.2 ± 0.8a  0.8 ± 1.0a

aP < 0.05 vs baseline by Kruskal Wallis test plus Steel-Dwass test. QUEST: 
Questionnaire for the diagnosis of reflux disease; FSSG: Frequency scale 
for symptoms of gastro-esophageal reflux disease. 

Table 3  Twenty-four hour intra-esophageal ambulatory 
multichannel intraluminal impedance-pH monitoring data at 
baseline and 3 mo after endoluminal gastroplication

n Baseline 3 mo

24-h intra-esophageal time 
pH < 4 (%)

18   4.1 ± 4.0  10.4 ± 19.2

Numbers of reflux events, % 10 100.3 ± 16.1  79.5 ± 13.5
Symptom index (SI), % 10 70.9 ± 9.2  79.0 ± 10.1
Symptom sensitivity index (SSI), % 10   16.1 ± 12.9   3.9 ± 8.3b

Number of symptom events, % 10 27.2 ± 5.9   7.3 ± 5.2b

bP < 0.01 vs 3 mo after endoluminal gastroplication by Wilcoxon’s signed 
rank test.

Table 4  Gastrointestinal symptoms rating scale and 
36-item short-form at baseline and 3 mo after endoluminal 
gastroplication

Baseline (n  = 10) 3 mo (n  = 10)

GSRS scale
   Overall   2.5 ± 0.8    1.8 ± 0.4a

   Acid reflux   3.3 ± 1.5    2.1 ± 0.7a

   Abdominal pain   2.7 ± 1.4    1.8 ± 0.9a

   Indigestion   2.6 ± 1.0    1.6 ± 0.8a

   Diarrhea   1.8 ± 0.9   1.4 ± 0.6
   Constipation   2.3 ± 1.3   1.9 ± 1.3
SF-36 scale
   Physical functioning   46.6 ± 15.8  53.7 ± 3.8a

   Role physical   36.9 ± 20.0   48.7 ± 15.7
   Bodily pain   40.5 ± 16.7 52.7 ± 8.3
   General health 43.2 ± 7.8  48.8 ± 6.2a

   Vitality   42.9 ± 12.7 50.6 ± 6.7
   Social functioning   44.0 ± 12.6 47.2 ± 9.9
   Role emotional   37.2 ± 19.4   47.7 ± 13.7
   Mental health   46.3 ± 11.8   43.3 ± 11.6

aP < 0.05 vs 3 mo after endoluminal gastroplication by Wilcoxon’s signed 
rank test. GSRS: Gastrointestinal symptoms rating scale; SF-36: 36-item 
short-form.

Off

Reduced use

Full use

100

80

60

40

20
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%

Baseline                3 mo                  12 mo

Figure 1  Rate of discontinuation or reduction by more than 50% of proton 
pump inhibitor use. 
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it has been reported that surgical fundoplication is as-
sociated with complications approximately 10% of  the 
time, and that dysphagia lasting 3 mo or longer has been 
observed[28]. The procedure is also associated with an op-
erative mortality of  about 0.5% to 0.7%[29], which may be 
considered a problem for the treatment of  a benign dis-
ease. There are also no differences in the long-term (140 
mo) effect compared to drug treatment[30], and the cost is 
higher compared to 10 years of  treatment with omepra-
zole[31]. It was in light of  this background that endoscopic 
treatments were proposed as less invasive but effective 
treatment methods[32,33]. Endoscopic fundoplication is an 
extremely safe method among such treatments, and its 
efficacy in erosive GERD is also being studied[34,35].

The results of  6, 12, and 24 mo of  observation have 
been reported by Filipi et al[36], Mahmood et al[25], and 
Chen et al[26] in typical clinical studies of  ELGP. All re-
ported significant improvements in heartburn and reflux 
scores, as well as a significant reduction in PPI medica-
tion, and these effects lasted as long as 24 mo. In the only 
randomized, double-blind, comparative study, which was 

conducted by Schwartz et al[37] in 2007, 60 patients with 
GERD were assigned to an EndoCinch group, a sham 
treatment group, and an observation group, each com-
posed of  20 subjects, and the subjects were assessed at 
3, 6, and 12 mo. After 3 mo, the active treatment group 
showed a significant reduction in medication and im-
provement in GERD symptoms and QOL compared to 
the sham treatment group, and these effects lasted as long 
as 12 mo. However, there was no difference in esophageal 
acid exposure between the treated and sham groups, and 
29% of  the cases required re-treatment. In the only re-
port of  a clinical study in Japan, 48 patients with erosive 
GERD underwent ELGP and were followed-up for 2 
years. On 24-h pH monitoring, there was improvement in 
the percent time pH < 4 from 23.3% ± 26.3% to 10.4% 
± 9.6%, as well as 80% improvement from a Los Angeles 
endoscopic classification of  Grade A, B, or C to Grade 
O. Overall, 66% discontinued PPIs or H2RA medication, 
76% discontinued at least 50% of  their medications, and 
54% to 66% experienced complete resolution of  GERD 
symptoms[15]. Meanwhile, Arts et al[27] performed ELGP 
in 20 PPI-resistant GERD patients, and reported that 13 
and 6 patients were able to discontinue PPI medication 
3 and 12 mo later, respectively, and pH monitoring also 
revealed normalization. These results showed that this 
treatment method could be indicated for PPI-resistant 
patients, but there have thus far not been any reports in-
volving PPI-resistant NERD patients.

As previously reported, the mechanism of  ELGP is 
believed to involve a decrease in esophageal acid expo-
sure[15]. However, in the present study, 24-h intraesopha-
geal pH monitoring revealed mild worsening rather than 
improvement in the percent time pH < 4 after ELGP. 
Although it can be said that this was caused by the fact 
that pH was monitored prior to ELGP while the patients 
were on full-dose PPI, the fact that symptoms improved 
and that the rate of  PPI medication decreased in patients 
with GERD symptoms despite being on PPI medication 
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suggests that factors other than esophageal acid exposure 
are involved in the development of  symptoms in PPI-
resistant NERD patients. ELGP involves the endoscopic 
formation of  folds, which are believed to physically pre-
vent reflux through bosselation at the gastroesophageal 
junction. However, 24-h intraesophageal pH impedance 
monitoring in the present study did not reveal signifi-
cant decreases in the percent time pH < 4 or number of  
episodes of  reflux before and after ELGP. Although the 
possibility cannot be ruled out that esophageal reflux was 
not adequately controlled because of  the spontaneous 
sloughing off  of  plications 3 mo after ELGP, it has also 
been reported elsewhere that pH monitoring revealed no 
changes before and after surgery[36,37], and many questions 
remain regarding the relationship between esophageal 
acid exposure and the development of  symptoms.

In the present study, the number of  symptom events 
and SSI decreased significantly, regardless of  the lack 
of  change in the number of  episodes of  reflux and SI 
(Figure 3). These results mean that the specificity of  a 
NERD patient’s reflux symptoms did not change, but 
the subject’s sensitivity for reflux decreased after surgery. 
This suggests that factors other than esophageal reflux 
are involved in the development of  the symptoms of  
NERD, and the presence of  esophageal hyperesthesia 
may be one such factor. Patients with GERD experience 
proximal esophageal reflux more than normal individu-
als, but the incidence of  proximal esophageal symptoms 
is significantly higher in NERD patients than in GERD 
patients[38]. In addition, the time for symptoms to develop 
during 10 min of  intraesophageal hydrochloric acid infu-
sion, the intensity of  symptoms, and the sensitivity index 
are significantly higher in NERD patients than in normal 
individuals, patients with reflux esophagitis, and patients 
with Barrett’s esophagus[39]. 

Animal studies have confirmed fibrosis near plications 
and local thickening of  smooth muscle of  the gastro-
esophageal junction[40,41]. It has thus been postulated that 
sensory nerves densely distributed in the gastroesopha-
geal junction might be damaged by plication, resulting in 
a loss of  sensitivity[42]. The lack of  apparent differences 
in symptom scores between cases in which plications 
completely disappeared and cases in which they remained 
suggests the involvement of  esophageal hyperesthesia in 
the pathology of  PPI-resistant NERD. Mechanisms in 
which tissue degeneration and scar formation in the gas-
troesophageal junction result in changes in compliance 
and internal pressure, as well as transient lower esopha-
geal sphincter relaxation, have also been considered[43].

GSRS has found overlap in various gastrointestinal 
symptoms and decreases in the scores of  all items in the 
SF-36, and decreases in health-related quality of  life (HR-
QOL) have been confirmed in PPI-refractory NERD 
patients. In the present study, ELGP was found to im-
prove HR-QOL in PPI-resistant NERD patients, and the 
long-term effects were confirmed not only at 3 mo after 
surgery, but also at 12 mo, showing no recurrence of  
GERD symptoms and a decrease in PPI use. These find-

ings suggest that HR-QOL was maintained.
Montgomery et al[44] conducted a randomized, com-

parative study of  ELGP and placebo treatment in 46 pa-
tients with erosive GERD. After 3 mo, there was signifi-
cant improvement in heartburn symptoms and PPI use in 
the ELGP group, but it was reported that the differences 
from the sham treatment group disappeared after 12 mo. 
Overall, 71% and 67% of  the plications remained after 3 
and 12 mo, respectively, and the attenuation of  the effects 
was attributed to the decrease over time in the percentage 
of  remaining plications[45,46]. On the other hand, while an 
apparent loss of  plications over time was observed in the 
present study of  PPI-resistant NERD patients, there was 
virtually no recurrence of  symptoms, and patients were 
able to wean themselves off  of  medication over the long 
term. It is therefore possible that ELGP is more useful 
in NERD, particularly PPI-resistant NERD that is not 
amenable to oral treatment, than in erosive GERD. The 
results also suggest differences in the pathology of  ero-
sive GERD and NERD.

Most endoscopic treatment in GERD to date has been 
in patients for whom oral treatment was effective, but the 
present study was unique in that it looked at cases not 
amenable to oral treatment and demonstrated the efficacy 
and safety of  the treatment. However, the study suffered 
from several shortcomings. The first is the lack of  any 
placebo treatment as a control, and the limited number 
of  cases. In actuality, no sham groups were established in 
many preceding studies of  endoscopic treatment[15,25-27,36,47]. 
It is often difficult to establish a rigorous model, because 
the frequent development of  complications in active 
treatment groups hinders blinding, and because increased 
efficacy is also sometimes observed in sham groups. In 
the future, it will be necessary to conduct a blinded, ran-
domized, comparative study with a sufficient sample size 
in order to confirm the efficacy of  ELGP treatment in 
PPI-resistant NERD patients suggested in this study. Sec-
ond, the 12-mo observation period was inadequate, and it 
will be necessary to study efficacy for a longer period of  
time from medical and economic perspectives. It is also 
possible that the improvement in symptoms by ELGP 
in PPI-resistant NERD patients results from a variety 
of  mechanisms, including esophageal hyperesthesia, in 
addition to the physical action of  preventing reflux, and 
further study from that perspective is also necessary.

Despite the many limitations of  this study, this is the 
first report to show endoscopic treatment to be highly 
effective and safe in PPI-resistant NERD patients who 
are not amenable to oral treatment and who suffer from 
significantly compromised QOL. With the accumulation 
of  evidence in the future, it is possible that there will be 
new indications for endoscopic therapy, including post-
gastrectomy GERD and complementary therapy until 
surgery or postoperative salvage for GERD.

In conclusion, in this study, ELGP significantly im-
proved subjective symptoms and reduced long-term oral 
medication in Japanese PPI-resistant NERD patients, and 
it appears to be a safe and useful method of  treatment.

Tokudome K et al . Efficacy of ELGP in PPI-resistant NERD
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COMMENTS
Background
Non-erosive reflux disease (NERD) refers to a syndrome that is character-
ized by complaints of reflux symptoms such as heartburn without endoscopic 
evidence of mucosal injury. The severity and frequency of NERD symptoms 
is similar to erosive gastroesophageal reflux disease (GERD) and is often not 
amenable to treatment with oral medication. Especially, PPI-resistant NERD is 
the most intractable NERD patients. Instead of medication therapy, the surgical 
treatment of erosive GERD, laparoscopic fundoplication, has been developed. 
On the other hand endoscopic techniques have been developed recently as 
less invasive but effective methods for erosive GERD. 
Research frontiers
Endoscopic treatments were proposed as less invasive but effective treatment 
methods for GERD. Especially, endoluminal gastroplication (ELGP) is an ex-
tremely safe method among such treatments and its efficacy in erosive GERD 
is also being studied. Most endoscopic treatment in GERD to date has been 
in patients for whom oral treatment was effective, but the present study was 
unique in that it looked at cases not amenable to oral treatment and demon-
strated the efficacy and safety of the treatment.
Innovations and breakthroughs
Before and after ELGP, patients’ symptoms, quality of life (QOL) and 24-h intra-
esophageal pH/impedance (MII-pH) monitoring were assessed. After ELGP, the 
symptoms, QOL and esophageal sensitivity improved significantly. Furthermore, 
66.7% patients were able to discontinue proton pump inhibitor (PPI) medication. 
This is the first report to show endoscopic treatment to be highly effective and 
safe in PPI-resistant NERD patients who are not amenable to oral treatment 
and who suffer from significantly compromised QOL. 
Applications
With the accumulation of evidence in the future, it is possible that there will be 
new indications for endoscopic therapy, including postgastrectomy GERD and 
complementary therapy until surgery or postoperative salvage for GERD.
Terminology
NERD: It is a syndrome that is characterized by complaints of reflux symptoms 
such as heartburn without endoscopic evidence of mucosal injury; ELGP is a 
recently introduced endoscopic therapy for GERD refractory to medical therapy. 
This novel approach involves the insertion of an endoscopic suturing device 
into the esophagus to create partial-thickness, internal gastric plications that 
serve as an anti-reflux barrier.
Peer review
This is a good clinical study in which authors analyze the endoscopic therapy 
effects for PPI-resistant NERD patients who are not amenable to oral treatment. 
The results are interesting and suggest that this endoscopic technique create 
a new indication for NERD therapy, especially PPI-resistant NERD who are the 
most intractable of NERD patients.

REFERENCES
1	 Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R. The 

Montreal definition and classification of gastroesophageal 
reflux disease: a global evidence-based consensus. Am J Gas-
troenterol 2006; 101: 1900-1920; quiz 1943

2	 Mishima I, Adachi K, Arima N, Amano K, Takashima T, 
Moritani M, Furuta K, Kinoshita Y. Prevalence of endoscopi-
cally negative and positive gastroesophageal reflux disease 
in the Japanese. Scand J Gastroenterol 2005; 40: 1005-1009 

3	 Havelund T, Lind T, Wiklund I, Glise H, Hernqvist H, Lau-
ritsen K, Lundell L, Pedersen SA, Carlsson R, Junghard O, 
Stubberöd A, Anker-Hansen O. Quality of life in patients 
with heartburn but without esophagitis: effects of treatment 
with omeprazole. Am J Gastroenterol 1999; 94: 1782-1789 

4	 Wiklund I. Quality of life in patients with gastroesophageal 
reflux disease. Am J Gastroenterol 2001; 96: S46-S53 

5	 Lind T, Havelund T, Carlsson R, Anker-Hansen O, Glise H, 
Hernqvist H, Junghard O, Lauritsen K, Lundell L, Pedersen 
SA, Stubberöd A. Heartburn without oesophagitis: efficacy 
of omeprazole therapy and features determining therapeutic 
response. Scand J Gastroenterol 1997; 32: 974-979 

6	 Fass R, Ofman JJ. Gastroesophageal reflux disease--should 
we adopt a new conceptual framework? Am J Gastroenterol 
2002; 97: 1901-1909 

7	 Rodriguez-Stanley S, Robinson M, Earnest DL, Greenwood-
Van Meerveld B, Miner PB. Esophageal hypersensitivity 
may be a major cause of heartburn. Am J Gastroenterol 1999; 
94: 628-631 

8	 Chey WD. Endoscopy-negative reflux disease: concepts and 
clinical practice. Am J Med 2004; 117 Suppl 5A: 36S-43S 

9	 Trimble KC, Pryde A, Heading RC. Lowered oesophageal 
sensory thresholds in patients with symptomatic but not 
excess gastro-oesophageal reflux: evidence for a spectrum of 
visceral sensitivity in GORD. Gut 1995; 37: 7-12 

10	 Bredenoord AJ, Tutuian R, Smout AJ, Castell DO. Technol-
ogy review: Esophageal impedance monitoring. Am J Gastro-
enterol 2007; 102: 187-194 

11	 Sharma N, Agrawal A, Freeman J, Vela MF, Castell D. An 
analysis of persistent symptoms in acid-suppressed patients 
undergoing impedance-pH monitoring. Clin Gastroenterol 
Hepatol 2008; 6: 521-524

12	 Allison PR. Reflux esophagitis, sliding hiatal hernia, and the 
anatomy of repair. Surg Gynecol Obstet 1951; 92: 419-431 

13	 Dassinger MS, Torquati A, Houston HL, Holzman MD, 
Sharp KW, Richards WO. Laparoscopic fundoplication: 5-year 
follow-up. Am Surg 2004; 70: 691-694; discussion 691-694

14	 Nilsson G, Wenner J, Larsson S, Johnsson F. Randomized 
clinical trial of laparoscopic versus open fundoplication for 
gastro-oesophageal reflux. Br J Surg 2004; 91: 552-559 

15	 Ozawa S, Kumai K, Higuchi K, Arakawa T, Kato M, Asaka M, 
Katada N, Kuwano H, Kitajima M. Short-term and long-term 
outcome of endoluminal gastroplication for the treatment 
of GERD: the first multicenter trial in Japan. J Gastroenterol 
2009; 44: 675-684

16	 Omura N, Kashiwagi H, Yano F, Tsuboi K, Ishibashi Y, Ka-
wasaki N, Suzuki Y, Yanaga K. Therapeutic effects of laparo-
scopic fundoplication for nonerosive gastroesophageal reflux 
disease. Surg Today 2006; 36: 954-960 

17	 Broeders JA, Draaisma WA, Bredenoord AJ, Smout AJ, Bro-
eders IA, Gooszen HG. Long-term outcome of Nissen fun-
doplication in non-erosive and erosive gastro-oesophageal 
reflux disease. Br J Surg 2010; 97: 845-852 

18	 Carlsson R, Dent J, Bolling-Sternevald E, Johnsson F, Jung-
hard O, Lauritsen K, Riley S, Lundell L. The usefulness of a 
structured questionnaire in the assessment of symptomatic 
gastroesophageal reflux disease. Scand J Gastroenterol 1998; 
33: 1023-1029

19	 Kusano M, Shimoyama Y, Sugimoto S, Kawamura O, 
Maeda M, Minashi K, Kuribayashi S, Higuchi T, Zai H, Ino 
K, Horikoshi T, Sugiyama T, Toki M, Ohwada T, Mori M. 
Development and evaluation of FSSG: frequency scale for 
the symptoms of GERD. J Gastroenterol 2004; 39: 888-891 

20	 Fukuhara S, Ware JE, Kosinski M, Wada S, Gandek B. Psy-
chometric and clinical tests of validity of the Japanese SF-36 
Health Survey. J Clin Epidemiol 1998; 51: 1045-1053 

21	 Roman S, Bruley des Varannes S, Pouderoux P, Chaput U, 
Mion F, Galmiche JP, Zerbib F. Ambulatory 24-h oesopha-
geal impedance-pH recordings: reliability of automatic 
analysis for gastro-oesophageal reflux assessment. Neurogas-
troenterol Motil 2006; 18: 978-986

22	 Wiener GJ, Richter JE, Copper JB, Wu WC, Castell DO. The 
symptom index: a clinically important parameter of ambula-
tory 24-hour esophageal pH monitoring. Am J Gastroenterol 
1988; 83: 358-361

23	 Breumelhof R, Smout AJ. The symptom sensitivity index: 
a valuable additional parameter in 24-hour esophageal pH 
recording. Am J Gastroenterol 1991; 86: 160-164 

24	 Fennerty MB. Endoscopic suturing for treatment of GERD. 
Gastrointest Endosc 2003; 57: 390-395

25	 Mahmood Z, McMahon BP, Arfin Q, Byrne PJ, Reynolds 
JV, Murphy EM, Weir DG. Endocinch therapy for gastro-
oesophageal reflux disease: a one year prospective follow 

Tokudome K et al . Efficacy of ELGP in PPI-resistant NERD

 COMMENTS



5947 November 7, 2012|Volume 18|Issue 41|WJG|www.wjgnet.com

up. Gut 2003; 52: 34-39 
26	 Chen YK, Raijman I, Ben-Menachem T, Starpoli AA, Liu J, 

Pazwash H, Weiland S, Shahrier M, Fortajada E, Saltzman 
JR, Carr-Locke DL. Long-term outcomes of endoluminal gas-
troplication: a U.S. multicenter trial. Gastrointest Endosc 2005; 
61: 659-667

27	 Arts J, Lerut T, Rutgeerts P, Sifrim D, Janssens J, Tack J. A 
one-year follow-up study of endoluminal gastroplication 
(Endocinch) in GERD patients refractory to proton pump 
inhibitor therapy. Dig Dis Sci 2005; 50: 351-356

28	 Peters JH, DeMeester TR. Indications, benefits and outcome 
of laparoscopic Nissen fundoplication. Dig Dis 1996; 14: 
169-179

29	 Duffy JP, Maggard M, Hiyama DT, Atkinson JB, McFadden 
DW, Ko CY, Hines OJ. Laparoscopic Nissen fundoplication 
improves quality of life in patients with atypical symptoms 
of gastroesophageal reflux. Am Surg 2003; 69: 833-838 

30	 Spechler SJ, Lee E, Ahnen D, Goyal RK, Hirano I, Ramirez 
F, Raufman JP, Sampliner R, Schnell T, Sontag S, Vlahcevic 
ZR, Young R, Williford W. Long-term outcome of medical 
and surgical therapies for gastroesophageal reflux disease: 
follow-up of a randomized controlled trial. JAMA 2001; 285: 
2331-2338 

31	 Heudebert GR, Marks R, Wilcox CM, Centor RM. Choice of 
long-term strategy for the management of patients with se-
vere esophagitis: a cost-utility analysis. Gastroenterology 1997; 
112: 1078-1086 

32	 Swain CP, Mills TN. An endoscopic sewing machine. Gas-
trointest Endosc 1986; 32: 36-38

33	 Swain CP, Kadirkamanathan SS, Gong F, Lai KC, Ratani RS, 
Brown GJ, Mills TN. Knot tying at flexible endoscopy. Gas-
trointest Endosc 1994; 40: 722-729 

34	 Falk GW, Fennerty MB, Rothstein RI. AGA Institute techni-
cal review on the use of endoscopic therapy for gastroesoph-
ageal reflux disease. Gastroenterology 2006; 131: 1315-1336 

35	 Kadirkamanathan SS, Evans DF, Gong F, Yazaki E, Scott M, 
Swain CP. Antireflux operations at flexible endoscopy using 
endoluminal stitching techniques: an experimental study. 
Gastrointest Endosc 1996; 44: 133-143

36	 Filipi CJ, Lehman GA, Rothstein RI, Raijman I, Stiegmann 
GV, Waring JP, Hunter JG, Gostout CJ, Edmundowicz SA, 
Dunne DP, Watson PA, Cornet DA. Transoral, flexible endo-
scopic suturing for treatment of GERD: a multicenter trial. 
Gastrointest Endosc 2001; 53: 416-422 

37	 Schwartz MP, Wellink H, Gooszen HG, Conchillo JM, Sam-
som M, Smout AJ. Endoscopic gastroplication for the treat-

ment of gastro-oesophageal reflux disease: a randomised, 
sham-controlled trial. Gut 2007; 56: 20-28

38	 Cicala M, Emerenziani S, Caviglia R, Guarino MP, Vavassori 
P, Ribolsi M, Carotti S, Petitti T, Pallone F. Intra-oesophageal 
distribution and perception of acid reflux in patients with 
non-erosive gastro-oesophageal reflux disease. Aliment Phar-
macol Ther 2003; 18: 605-613

39	 Miwa H, Minoo T, Hojo M, Yaginuma R, Nagahara A, Kaw-
abe M, Ohkawa A, Asaoka D, Kurosawa A, Ohkusa T, Sato N. 
Oesophageal hypersensitivity in Japanese patients with non-
erosive gastro-oesophageal reflux diseases. Aliment Pharma-
col Ther 2004; 20 Suppl 1: 112-117 

40	 Fritscher-Ravens A, Mosse CA, Mukherjee D, Yazaki E, Park 
PO, Mills T, Swain P. Transgastric gastropexy and hiatal 
hernia repair for GERD under EUS control: a porcine model. 
Gastrointest Endosc 2004; 59: 89-95 

41	 Liu JJ, Glickman JN, Li X, Maurer R, Ashley SW, Brooks DC, 
Carr-Locke DL, Saltzman JR. Smooth muscle remodeling of 
the gastroesophageal junction after endoluminal gastroplica-
tion. Gastrointest Endosc 2007; 65: 1023-1027

42	 Wenzel G, Kuhlbusch R, Heise J, Frieling T. Relief of reflux 
symptoms after endoscopic gastroplication may be associ-
ated with reduced esophageal Acid sensitivity: a pilot study. 
Endoscopy 2005; 37: 236-239 

43	 Tam WC, Holloway RH, Dent J, Rigda R, Schoeman MN. 
Impact of endoscopic suturing of the gastroesophageal 
junction on lower esophageal sphincter function and gastro-
esophageal reflux in patients with reflux disease. Am J Gas-
troenterol 2004; 99: 195-202 

44	 Montgomery M, Håkanson B, Ljungqvist O, Ahlman B, 
Thorell A. Twelve months’ follow-up after treatment with 
the EndoCinch endoscopic technique for gastro-oesophageal 
reflux disease: a randomized, placebo-controlled study. 
Scand J Gastroenterol 2006; 41: 1382-1389 

45	 Schiefke I, Zabel-Langhennig A, Neumann S, Feisthammel J, 
Moessner J, Caca K. Long term failure of endoscopic gastro-
plication (EndoCinch). Gut 2005; 54: 752-758 

46	 Abou-Rebyeh H, Hoepffner N, Rösch T, Osmanoglou E, 
Haneke JH, Hintze RE, Wiedenmann B, Mönnikes H. Long-
term failure of endoscopic suturing in the treatment of gas-
troesophageal reflux: a prospective follow-up study. Endos-
copy 2005; 37: 213-216 

47	 Liao CC, Lee CL, Lin BR, Bai CH, Hsieh YH, Wu CH, Gos-
tout CJ. Endoluminal gastroplication for the treatment of 
gastroesophageal reflux disease: a 2-year prospective pilot 
study from Taiwan. J Gastroenterol Hepatol 2008; 23: 398-405 

S- Editor  Gou SX    L- Editor  A    E- Editor  Zhang DN

Tokudome K et al . Efficacy of ELGP in PPI-resistant NERD


