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not achieve statistical significance (p = 0.068). Six patients 
(54.5  %) had positive SI preoperatively, but no one had 
positive SI after surgery.
Conclusion  Laparoscopic Toupet fundoplication can 
control gastroesophageal reflux events in patients with 
NERD.

Keywords  Non-erosive gastroesophageal reflux disease · 
NERD · Antirelux surgery · Laparoscopic fundoplication · 
MII–pH

Introduction

Gastroesophageal reflux disease (GERD) is a common 
condition which develops when the reflux of gastric 
contents causes troublesome symptoms and/or compli-
cations [1]. Non-erosive gastroesophageal reflux dis-
ease (NERD) is defined by the presence of troublesome 
reflux-associated symptoms and the absence of mucosal 
breaks at endoscopy [1]. It has been reported that 70 % 
of patients with GERD have no endoscopic evidence 
of erosive esophagitis [2, 3]. Patients with NERD have 
lower response to proton pump inhibitors (PPIs) than 
those with erosive GERD [4–7]. Recent studies docu-
mented the efficacy of antireflux surgery in patients with 
NERD [8–12].

In recent years, combined multichannel intraluminal 
impedance–pH (MII–pH) monitoring has been introduced 
as a new technique for monitoring gastroesophageal reflux 
(GER) [13, 14]. This technique detects all reflux episodes, 
not only liquid, gas and mixed reflux episodes, but also 
acid and nonacid reflux. The aim of this study is to evaluate 
the efficacy of laparoscopic antireflux surgery (LARS) for 
NERD using MII–pH monitoring.

Abstract 
Background  Non-erosive gastroesophageal reflux disease 
(NERD) is the most common form of gastroesophageal 
reflux disease (GERD). The aim of this study is to evaluate 
efficacy of laparoscopic Toupet fundoplication for NERD 
by combined multichannel intraluminal impedance–pH 
(MII–pH) monitoring.
Methods  Twenty-eight patients who underwent lapa-
roscopic Toupet fundoplication for NERD had MII–pH 
monitoring before surgery. Among them, 11 patients 
accepted to undergo MII–pH monitoring both before 
and after surgery. Their clinical data were collected in 
a prospective fashion and retrospectively reviewed. 
Patients’ characteristics, the esophageal function of time 
pH below 4, DeMeester score, the numbers of acid and 
nonacid reflux episodes and symptom index (SI) were 
evaluated.
Results  Pre- and postoperative time pH below 4 were 
5.8  ±  7.1 and 0.7  ±  1.3, respectively, and DeMeester 
score was 19.7 ± 23.3 and 2.8 ± 3.8, respectively, both of 
which were significantly different (p =  0.022 and 0.019). 
Pre- and postoperative numbers of all reflux episodes 
were 84.3 ± 52.5 and 36.2 ± 22.8, respectively. Pre- and 
postoperative acid reflux episodes were 39.5 ±  35.2 and 
9.9  ±  19.2, respectively. There were significant differ-
ences in the number of both all and acid reflux episodes 
(p =  0.001 and 0.012). Those of nonacid reflux episodes 
were 44.8 ± 37.4 and 26.3 ± 13.9, respectively, which did 
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Patients

The database of GERD at our department was inves-
tigated to identify patients who underwent LARS and 
MII–pH monitoring between May 2008 and August 2012. 
Office charts were retrospectively reviewed to exclude 
patients who had a history of administration PPI before 
the first esophagogastroduodenoscopy (EGD). Patients 
who underwent prior thoracic, esophageal or gastric sur-
gery and/or esophageal motility disorders (e.g., achalasia, 
scleroderma) were also excluded. There were 28 patients 
with NERD, 14 men and 14 women with a mean age of 
48.8 ± 16.4 (range, 15–81) years. Among them, we iden-
tified 11 patients who had combined MII–pH monitoring 
before and after surgery.

Surgical technique

All patients underwent laparoscopic Toupet fundoplica-
tion. Five ports are used for the operation. A 1–2 cm inci-
sion is made above the umbilicus in the midline, through 
which a camera port is introduced. A 10-mm port is placed 
on the left subcostal area, and 5-mm ports are placed on the 
right subcostal and left lateral areas, and a liver retractor 
is introduced from upper midline. The procedure is begun 
with dissection of the hiatal pillars followed by esophageal 
mobilization. The peritoneum and the phrenoesophageal 
membrane above the esophagus are transected and the ante-
rior vagus nerve is identified. The right crus is separated 
from the right side of the esophagus, identifying the poste-
rior vagus nerve. The esophagus is retracted upward to cre-
ate a window between the gastric fundus, esophagus, and 
diaphragmatic crura, and the window is created by blunt 
and sharp dissection under the esophagus. A penrose drain 
is passed around the esophagus which is mobilized for 
some distance into the chest to obtain esophageal length. 
Short gastric vessels are divided and the diaphragmatic 
crura are closed before fundoplication. A 210–240° wrap is 
created by fixing the fundus for 4 cm to the esophagus on 
both sides.

MII–pH monitoring

MII–pH monitoring was performed using a six-imped-
ance, two-pH catheter (ZAN-BG-44; Sandhill Scientific 
Inc. Highlands Ranch, CO, USA). The design of the cath-
eter allows recording impedance data at 3, 5, 7, 9, 15, 
and 17  cm above the lower esophageal sphincter (LES). 
In addition, pH was recorded at 5 cm above the LES and 
10  cm below the LES (Fig.  1). The six impedance and 
two pH signals were recorded at 50  Hz on a 128  MB 

compact Flash. Acid antisecretory agents such as PPI 
were discontinued at least 7  days before MII–pH moni-
toring. The recording was performed in the hospital. The 
patients arrived at the laboratory after an overnight fasting 
were encouraged not to lie down during daytime and had 
regular diet during recording. They were also instructed 
to push event button when they perceived reflux-related 
symptoms. Before data acquisition, the pH probe was 
calibrated in buffers of pH 4.0 and 7.0. The catheter was 
transnasally inserted into the esophagus and stomach, 
and the pH electrode was positioned 5 cm above the LES 
under X-ray. At the end of the 24-h recording period, data 
were transferred and autoscanned using a dedicated soft-
ware program (Bioview Analysis; Sandhill Scientific Inc. 
Highlands Ranch, CO, USA).

Definitions of reflux episodes

Liquid reflux was defined as a retrograde 50  % drop in 
impedance starting distally (at the level of the LES) and 
propagating to at least the next two more proximal imped-
ance-measuring segments. Gas reflux was defined as a 
simultaneous increase in impedance >3,000 Ohms in any 
two consecutive impedance sites with one site having an 
absolute value >5,000 Ohms in the absence of swallow-
ing. Mixed liquid–gas reflux was defined as gas reflux 
occurring immediately before or during a liquid reflux. 
Simultaneously recorded pH data were used to clas-
sify reflux episodes as acid or nonacid: (a) acid reflux: 
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Fig. 1   A combined multichannel intraluminal impedance–pH (MII–
pH) catheter with six impedance segments and pH sensor 5 cm above 
and 10 cm below the LES [15]
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impedance-detected reflux episodes with a nadir pH less 
than 4, (b) nonacid reflux: impedance-detected reflux epi-
sodes with a nadir pH 4 or more [15].

Symptom association

The symptom index (SI) was calculated as the percentage 
of symptoms preceded by a reflux event detected by MII 
or a drop in esophageal pH below 4 within a 5-min time 
frame divided by the total number of symptoms. A positive 
SI was defined as 50  % or more (i.e., at least half of the 
events were preceded by reflux) [16].

Statistical analysis

For statistical testing of normality, the chi-square test was 
used. The differences between the 2 groups were com-
pared using the paired t test, Wilcoxon signed-ranks test or 
Mann–Whitney’s U test. The differences were considered 

statistically significant for p  <  0.05. Unless otherwise 
specified, the data were presented as mean  ±  standard 
deviation.

Results

Patients’ characteristics and the results of combined MII–
pH monitoring are shown in Table 1. Twenty-five patients 
(89 %) had a hiatal hernia (A0: 3 patients, A1: 21 patients, 
A2: 3 patients, A3: 1 patients) [17]. The mean esopha-
geal function of time pH below 4 was 2.6 ± 4.8 %, and 6 
patients (21 %) had an abnormal acid exposure. The mean 
number of all reflux was 69.1 ± 39.4 and those of acid and 
nonacid reflux were 25.7 ± 27.3 and 43.4 ± 27.7, respec-
tively. The mean number of total liquid reflux and total 
gas reflux was 57.6 ±  38.3 and 11.6 ±  9.0, respectively. 
Thirteen patients (46 %) had positive SI. All of the patients 
were administered PPI before surgery.

All patients underwent laparoscopic Toupet fundopli-
cation. None of the patients required conversion to open 
surgery. The mean operative time was 121.7 ±  38.1 min. 
Vagus nerve injuries were identified perioperatively in 1 
patient. All cases started oral intake on postoperative day 
1. The median length of hospital stay was 7  days (range, 
5–158). There was no perioperative motility. Postoperative 
complications occurred in 3 patients. Two patients showed 
difficulty with swallowing. One patient had had intestinal 
malrotation and showed duodenal obstruction after primary 
surgery. This patient needed reoperation and adhesiotomy 
and partial small bowel resection were performed. Six 
patients had H2 blocker or PPI after surgery.

A comparison of the pre- and postoperative MII–pH 
monitoring results is shown in Table  2. Pre- and post-
operative esophageal function of time pH below 4 was 
5.8 ±  7.1 and 0.7 ±  1.3, respectively, while DeMeester 
score was 19.7  ±  23.3 and 2.8  ±  3.8, respectively. 
Both parameters decreased significantly after surgery 

Table 1   Patient characteristics

Male: female 14:14

Age (years) 48.8 ± 16.4 (15–81)

Hiatal hernia (yes:no) 26:2

A0:A1:A2:A3 3:21:3:1

% time pH < 4 2.6 ± 4.8 (0.0–20.6)

DeMeester score 9.0 ± 15.7 (0.8–70.5)

The number of Acid reflux 25.7 ± 27.3 (1–114)

The number of nonacid reflux 43.4 ± 27.7 (12–116)

The number of all reflux 69.1 ± 39.4 (17–193)

The number of liquid acid reflux 23.5 ± 26.0 (0–107)

The number of liquid nonacid reflux 34.1 ± 25.7 (3–105)

The number of total liquid reflux 57.6 ± 38.3 (11–174)

The number of gas acid reflux 2.2 ± 6.1 (0–32)

The number of gas nonacid reflux 9.4 ± 6.6 (0–33)

The number of total gas reflux 11.6 ± 9.0 (1–41)

Table 2   Preoperative and 
postoperative detailed 
findings at 24-h multichannel 
intraluminal impedance–pH 
monitoring

Values are mean ± SD

FP fundoplication

PRE-FP POST-FP p value

% time pH < 4 5.8 ± 7.1 (0.0–20.6) 0.7 ± 1.3 (0.0–4.5) 0.022*

DeMeester score 19.7 ± 23.3 (0.8–70.5) 2.8 ± 3.8 (0.8–13.9) 0.019*

Acid reflux 39.5 ± 35.2 (1–114) 9.9 ± 19.2 (0–54) 0.012*

Nonacid reflux 44.8 ± 37.4 (12–116) 26.3 ± 13.9 (11–56) 0.052

All reflux 84.3 ± 52.5 (31–193) 36.2 ± 22.8 (13–79) 0.001*

Liquid acid reflux 35.0 ± 17.4 (0–107) 8.8 ± 17.4 (0–49) 0.006*

Liquid nonacid reflux 34.3 ± 35.2 (3–105) 18.1 ± 11.4 (7–43) 0.069

Total liquid reflux 69.3 ± 54.1 (13–174) 26.9 ± 21.2 (8–66) 0.005*

Gas acid reflux 4.5 ± 9.5 (0–32) 1.1 ± 1.7 (0–4) 0.141

Gas nonacid reflux 10.5 ± 8.4 (0–31) 8.2 ± 6.1 (2–23) 0.203

Total gas reflux 15.0 ± 12.1 (1–41) 9.3 ± 5.9 (3–23) 0.084
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(p  =  0.022 and 0.019). Pre- and postoperative number 
of all reflux episodes was 84.3 ± 52.5 and 36.2 ± 22.8, 
respectively. Pre- and postoperative acid reflux episodes 
were 39.5  ±  35.2 and 9.9  ±  19.2, respectively, while 
those of nonacid reflux episodes were 44.8 ±  37.4 and 
26.3 ± 13.9, respectively. The number of both all and acid 
reflux episodes was significantly different (p = 0.001 and 
0.012). Although the number of nonacid reflux episodes 
tended to decrease, there was no significant difference 
(p =  0.068). The number of both total liquid and liquid 
acid reflux episodes decreased significantly (p  =  0.005 
and 0.006). The number of nonacid liquid reflux tended 
to decrease, but there was no significant difference 
(p = 0.069). Each number of gas reflux episodes did not 
decrease significantly. The preoperative SI was positive in 
6 of 11 patients (55 %), but none of the patients had posi-
tive SI postoperatively.

Changes of esophageal function of time pH below 4 
(%time pH < 4), all reflux, acid reflux and nonacid reflux 
in 11 patients are shown in Fig. 2. Among them, 6 patients 
had abnormal acid exposure before surgery and all patients 
showed no abnormal acid exposure except 1 patient after 
surgery. The number of all reflux reduced in all patients 
after surgery (Fig. 2b). The number of acid reflux reduced 

in all but 1 patient (Fig. 2c). The number of nonacid reflux 
reduced in 9 patients and that of acid reflux increased in 2 
patients after surgery (Fig. 2d).

Discussion

NERD and erosive GERD are the two main types of 
GERD. Pathogenesis of GERD is acid reflux, which has 
a strong correlation with severity of esophageal mucosal 
damage. On the other hand, pathogenesis of NERD is 
thought to be multifactorial. Martinez et  al. [18] reported 
that only 45.1  % of NERD patients had an abnormal pH 
test compared with 75 % of patients with erosive GERD. In 
our study, only 6 of 28 patients (21 %) had an abnormal pH 
test, so the incidence was almost half of their study.

Data from this study showed by pH monitoring that lap-
aroscopic Toupet fundoplication was effective in control-
ling % time pH < 4, DeMeester score, acid reflux and all 
reflux. According to the MII, liquid reflux and total liquid 
reflux were well controlled. On the other hand, the num-
ber of nonacid reflux was likely to reduce, but there was 
no significant difference. This result is consistent with pre-
vious studies [19, 20]. They reported that this preferential 
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Fig. 2   Changes of  %time pH < 4 (a), all reflux (b), acid reflux (c) and nonacid reflux (d) in 11 patients
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decrease in acid reflux episodes after LARS may be the 
result of inhibition of transient LES spontaneous relaxa-
tions which is associated with acid reflux episodes. But 
LARS does not control immediate postprandial reflux epi-
sodes, the majority of which are nonacid when the stomach 
is most distended allowing nonacid liquid and gas content 
to be vent. However, none of the patients had a positive SI 
postoperatively and therefore, Toupet fundoplication may 
be sufficient to treat patients with NERD.

Pathophysiology of NERD was advocated by Fass and is 
listed in Table 3 [21]. In this study, there were no patients 
who had abnormal acid exposure after surgery in those who 
had abnormal acid exposure before surgery (Fig.  2a). In 
these patients, the majority of reflux episodes before sur-
gery were acid reflux, which could cause their symptoms. 
Although one patient’s number of nonacid reflux increased 
after surgery, total number of reflux reduced after surgery. 
Therefore, main causative factor was abnormal acid expo-
sure. Of the 6 patients who had no abnormal acid exposure 
before surgery, 2 patients had abnormal gastroesophageal 
reflux in which the majority of reflux was nonacid reflux. 
The number of nonacid reflux reduced significantly in both 
patients after surgery, which could lead to improvement of 
symptoms. Interestingly, one of the patients had an abnor-
mal acid exposure after surgery, though this patient’s symp-
tom improved greatly after surgery. In these patients, the 
main causative factor was clearly nonacid-related intrae-
sophageal stimuli. The remaining 4 patients had normal 
gastroesophageal reflux and their symptoms may be more 
strongly correlated with hypersensitivity.

NERD patients have less acid exposure compared with 
erosive GERD and it is more important for NERD patients 
to prevent nonacid reflux besides acid reflux. PPIs have 
antisecretory action of acid, but have no control of gas-
troesophageal reflux. Therefore, PPIs are not expected 
to improve symptoms which are correlated with nonacid-
related intraesophageal stimuli. On the other hand, antire-
flux surgery aims to protect the esophageal mucosa from 
gastric contents and is expected to improve symptoms of 
any patients correlated with not only acid reflux but also 
nonacid reflux. In addition, antireflux surgery can be effec-
tive for symptoms caused by hypersensitivity. Our study 
confirmed that symptoms of patients with NERD had 
stronger correlation with nonacid-related intraesophageal 

stimuli or hypersensitivity as compared to those of erosive 
GERD and that antireflux surgery could lead to improve-
ment of symptoms.

The surgical indications for NERD in our depart-
ment are abnormal acid exposure by pH monitoring (% 
time pH < 4: 4.2 % or more), abnormal gastroesophageal 
reflux by impedance MII (the number of total reflux >73), 
and positive SI or esophageal hiatal hernia. Table 4 shows 
the indications for surgery in the 11 patients. The surgical 
indication for NERD is not yet well standardized. Patients 
without abnormal acid reflux are sometimes considered as 
functional heartburn and those patients were not indicated 
for surgery in a previous study [12]. However, there was 
another study which included patients without abnormal 
acid reflux for surgical treatment [22]. We believe that 
considering all of patients without abnormal acid reflux as 
functional heartburn sometimes leads to misdiagnosis and 
MII–pH monitoring should be performed.

Regarding surgical results, Broeders et  al. [12] docu-
mented that Nissen fundoplication in patients with PPI-
refractory NERD was equally effective in patients with PPI-
refractory erosive GERD. We have also previously reported 
that Toupet fundoplication is effective in patients with 
NERD without abnormal acid exposure [11]. Results of this 
study were consistent with these reports. Previous meta-anal-
ysis reported that there was no significant difference in reflux 
control between Nissen and Toupet fundoplication [23]. 
More recent study reported that Laparoscopic Nissen and 
partial fundoplications proved to be durable and achieved 
good long-term outcomes [24]. Both Nissen and partial fun-
doplication can be good option for NERD patients.

There were some limitations in this study. Foremost 
is that it is a retrospective review, although all data were 

Table 3   Pathophysiology of NERD

1 Abnormal acid exposure

2 Hypersensitivity to reflux events (pH < 4) within the normal range

3 Hypersensitivity to minute pH changes (pH > 4)

4 Nonacid-related intraesophageal stimuli

5 Psychological factors

Table 4   Surgical indications in each patient

Criteria for surgical indications: 1 abnormal acid exposure detected 
by pH monitoring (% time pH < 4: 4.2 % or more), 2 abnormal gas-
troesophageal reflux by MII (the number of total reflux >73), 3 posi-
tive symptom index; 4 esophageal hiatal hernia

Patient no. Surgical indications

1 1, 2, 3

2 1

3 3, 4

4 3, 4

5 4

6 1, 4

7 1, 2, 3, 4

8 4

9 2, 3

10 1, 4

11 1, 2, 3, 4
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collected prospectively. Additionally, MII–pH monitoring 
after surgery was performed for only patients who agree 
to undergo MII–pH monitoring after surgery and MII–pH 
monitoring was not performed in more than half of patients 
after surgery.

In conclusion, laparoscopic Toupet fundoplication can 
control gastroesophageal reflux events, which is expected 
to be effective in patients with NERD.
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in the Helsinki Declaration of 1975 as revised in 2000 and 2008, con-
cerning human or animal rights and we followed out policy concern-
ing Informed Consent as shown on Springer.com.

Conflict of interest  Drs. Se Ryung Yamamoto, Fumiaki Yano, 
Nobuo Omura, Kazuto Hoshino, Masato Hoshino, Hideyuki Kashi-
wagi and Katsuhiko Yanaga have no conflict of interest or financial 
ties to disclose.

References

	 1.	 Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R, Global Con-
sensus Group. The Montreal definition and classification of gas-
troesophageal reflux disease: a global evidence-based consensus. 
Am J Gastroenterol. 2006;101:1900–20.

	 2.	 Fass R. Erosive esophagitis and nonerosive reflux disease 
(NERD): comparison of epidemiologic, physiologic, and thera-
peutic characteristics. J Clin Gastroenterol. 2007;41:131–7.

	 3.	 Lind T, Havelund T, Carlsson R, et  al. Heartburn without 
esophagitis: efficacy of omeprazole therapy and features determin-
ing therapeutic response. Scand J Gastroenterol. 1997;32:974–9.

	 4.	 Carlsson R, Dent J, Watts R, Riley S, Sheikh R, Hatlebakk J, 
et al. Gastro-oesophageal reflux disease in primary care: an inter-
national study of different treatment strategies with omeprazole. 
Eur J Gastroenterol. 1998;10:119–24.

	 5.	 Dean BB, Gano AD Jr, Knight K, Ofman JJ, Fass R. Effective-
ness of proton pump inhibitors in nonerosive reflux disease. Clin 
Gastroenterol Hepatol. 2004;2:656–64.

	 6.	 Richter JE, Campbell DR, Kahrilas PJ, Huang B, Fludas C. 
Lansoprazole compared with ranitidine for the treatment of 
nonerosive gastroesophageal reflux disease. Arch Intern Med. 
2000;160:1803–9.

	 7.	 Richter JE, Peura D, Benjamin SB. Joelsson Bo, Whipple J. Effi-
cacy of omeprazole for the treatment of symptomatic acid reflux 
disease without esophagitis. Arch Intern Med. 2000;160:1810–6.

	 8.	 Bammer T, Freeman M, Shahriari A, Hinder RA, DeVault KR, 
Achem SR. Outcome of laparoscopic antireflux surgery in patients 
with nonerosive reflux disease. J Gastrointest Surg. 2002;6:730–7.

	 9.	 Desai KM, Frisella MM, Soper NJ. Clinical outcomes after lapa-
roscopic antireflux surgery in patients with and without preopera-
tive endoscopic esophagitis. J Gastrointest Surg. 2003;7:44–51.

	10.	 Kamolz T, Granderath FA, Schweiger UM, Pointner R. Laparo-
scopic Nissen fundoplication in patients with nonerosive reflux 
disease. Long-term quality-of-life assessment and surgical out-
come. Surg Endosc. 2005;19:494–500.

	11.	 Omura N, Kashiwagi H, Yano F, Tsuboi K, Ishibashi Y, Kawa-
saki N, Suzuki Y, Yanaga K. Therapeutic Effects of Laparoscopic 
Fundoplication for Nonerosive Gastroesophageal Reflux Disease. 
Surg Today. 2006;36:954–60.

	12.	 Broeders JA, Draaisma WA, Bredenoord AJ. Long-term out-
come of Nissen fundoplication in non-erosive and erosive gastro-
oesophageal reflux disease. Br J Surg. 2010;97:845–52.

	13.	 Tutuian R, Vela MF, Shay SS, Castell DO. Multichannel intralu-
minal impedance in esophageal function testing and gastroesoph-
ageal reflux monitoring. J Clin Gastroenterol. 2003;37:206–15.

	14.	 Shay S, Tutuian R, Sifrim D, Vela M, Wise J, Balaji N, et  al. 
Twenty-four hour ambulatory simultaneous impedance and 
pH monitoring: a multicenter report of normal values from 60 
healthy volunteers. Am J Gastroenterol. 2004;99:1037–43.

	15.	 Sifrim D, Castell D, Dent J, Kahrilus PJ. Gastro-oesophageal reflux 
monitoring: review and consensus report on detection and defini-
tions of acid, non-acid, and gas reflux. Gut. 2004;53:1024–31.

	16.	 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;83:358–61.

	17.	 Bancewicz J, Matthews HR, O’Hanrahan T, Adams I. A compari-
son of surgically treated reflux patients in two surgical centers. 
In: Little AG, Ferguson MK, Skinner DB, editors. Diseases of the 
esophagus. New York: Mount Kisco; 1990. p. 177–80.

	18.	 Martinez SD, Malagon IB, Garewal HS, et al. Non-erosive reflux 
disease (NERD) -acid reflux and symptom patterns. Aliment 
Pharmacol Ther. 2003;17:537–45.

	19.	 Roman S, Poncet G, Serraj I, Zerbib F, Boulez J, Mion F. Char-
acterization of reflux events after fundoplication using combined 
impedance-pH recording. Br J Surg. 2007;94:48–52.

	20.	 Linke GR, Zerz A, Tutuian R, Marra F, Warschkow R, Müller-
Stich BP, Borovicka J. Efficacy of laparoscopic mesh-augmented 
hiatoplasty in GERD and symptomatic hiatal hernia. Study 
using combined impedance-pH monitoring. J Gastrointest Surg. 
2008;12:816–21.

	21.	 Fass R. Epidemiology and pathophysiology of symptomatic gastroe-
sophageal reflux disease. Am J Gastroenterol. 2003;98(Suppl):S2–7.

	22.	 Tokudome K, Funaki Y, Sasaki M, Izawa S, Tamura Y, Iida A, 
Ogasawara N, Konagaya T, Tokura Y, Kasugai K. Efficacy of 
endoluminal gastroplication in Japanese patients with proton 
pump inhibitor-resistant, non-erosive esophagitis. World J Gas-
troenterol. 2012;18:5940–7.

	23.	 Broeders JA, Mauritz FA, Ahmed Ali U, Draaisma WA, Ruurda 
JP, Gooszen HG, Smout AJ, Broeders IA, Hazebroek EJ. System-
atic review and meta-analysis of laparoscopic Nissen (posterior 
total) versus Toupet (posterior partial) fundoplication for gastro-
oesophageal reflux disease. Br J Surg. 2010;97:1318–30.

	24.	 Engström C, Cai W, Irvine T, Devitt PG, Thompson SK, Game 
PA, Bessell JR, Jamieson GG, Watson DI. Twenty years of 
experience with laparoscopic antireflux surgery. Br J Surg. 
2012;99:1415–21.


	Efficacy of laparoscopic Toupet fundoplication for non-erosive reflux disease assessed by combined multichannel intraluminal impedance–pH monitoring
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients
	Surgical technique
	MII–pH monitoring
	Definitions of reflux episodes
	Symptom association
	Statistical analysis

	Results
	Discussion
	Ethical Statement 
	References




