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Abstract
Background Laparoscopic Nissen fundoplication is an effec-
tive treatment for gastroesophageal reflux disease (GERD).
However, there is no consensus for the surgical treatment of
GERD in morbidly obese patients.
Methods Twenty-five morbidly obese patients with GERD
underwent our novel procedure, laparoscopic Nissen
fundoplication with gastric plication (LNFGP), and were
monitored for 6 to 18 months. Operative complication, weight
loss, and GERD symptoms were monitored.
Results The study subjects consisted seven males and 18
females. The average age was 38.2 years (from 18 to 58),
and the mean BMI was 37.9 kg/m2 (from 31.5 to 56.4). The
mean operative time was 145.6 min (from 105 to 190). All
procedures were performed via laparoscopic surgery. Two
patients (8 %) displayed a major 30-day perioperative com-
plication. The first patient had an acute leak on the second
postoperative day. The patient received a laparoscopic revi-
sion sleeve gastrectomy and was discharged 5 days later after
an uneventful recovery. Another patient developed an intra-
abdominal abscess 3 weeks after surgery and received laparo-
scopic drainage and a revision sleeve gastrectomy. Upon
follow-up, only four (16 %) patients experienced occasional
acid regurgitation symptoms; however, no anti-acid medica-
tion was required. A significant decrease in the prevalence of
erosive esophagitis (80 vs. 17 %) after LNFGP was observed.
The mean weight loss was 9.7, 14.1, 17.9, and 18.1 % at 1, 3,
6 and 12 months, respectively. The mean BMI decreased to

30.8 kg/m2 1 year post surgery with a mean body weight loss
of 25 kg.
Conclusions LNFGP appears to be an acceptable treatment
option for treating GERD in morbidly obese patients who
refuse Roux-en-Y gastric bypass. However, further study is
indicated to verify this novel procedure.
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Introduction

Gastroesophageal reflux disease (GERD) is a common clini-
cal problem of the alimentary tract [1]. In the USA, 7 % of the
adult experiences at least one episodes of reflux every day [2].
Laparoscopic Nissen fundoplication is an effective treatment
for patients with severe GERD and has a sustained long-term
benefit [3, 4]. Because obesity is a key risk factor for GERD,
the increasing prevalence of obesity worldwide has coincided
with an increasing prevalence of GERD [5]. Weight reduction
is also recommended for managing GERD among obese
patients [6]. Among various obesity treatments, bariatric sur-
gery is a viable option for the treatment of severe obesity in
comparison with conservative methods, resulting in long-
lasting weight loss, an improved quality of life, and the
resolution of obesity-related comorbidities as well as a de-
crease in overall mortality [7, 8]. However, laparoscopic
Nissen fundoplication may be an obstacle for the application
of bariatric surgery to treat morbidly obese patients with
GERD [9–11]. In the present study, we report a novel tech-
nique involving both laparoscopic Nissen fundoplication and
gastric plication (LNFGP) to combine the weight loss effect
with the anti-reflux effect.
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Patients and Methods

Eligibility

The study was conducted in the Department of Surgery of the
Min-Sheng General Hospital, National Taiwan University.
Prior approval for conducting the study was obtained from
the ethics committee of the hospital. A total of 25 morbidly
obese Asian subjects with GERD (male/female, 7/18; age
38.2±8.0; mean BMI, 37.9±5.9 kg/m2) who received laparo-
scopic Nissen fundoplication in addition to greater curvature
side gastric plication for treating GERD and accompanying
obesity were evaluated. All patients who were referred for the
surgical treatment of GERD or morbid obesity were evaluated
by a gastrointestinal physician. A thorough assessment was
performed for those patients with GERD symptoms.

The inclusion criteria were the following: patients aged 18 to
60 years who had a history of GERD for more than 6 months
and a BMI above 32 kg/m2 [12]. This study was approved by
the Min-Sheng General Hospital Institutional Review Board.
All patients were required to provide awritten informed consent
before undergoing surgery. All the patients were prospectively
recruited and followed up according to the study protocol.

Surgical Technique

The procedure was performed in the French position using
with a standard five-port laparoscopic technique. The greater
curvature was mobilized from the omentum starting from
3 cm proximal to the pylorus to the angle of His. The bilateral
crus muscles were then dissected out, and the hiatal hernia was
exposed. The hernia was closed using 1–0 silk suture.
Subsequently, the fundus was wrapped around the esophagus
using a 36 F orogastric calibration tube in situ to complete the
standard Nissen fundoplication [13]. We then performed the
greater curvature side plication using 4–5 interrupted 1–0 silk
sutures to correct the shape of gastric plication. A continuous
seromuscular suture was then performed using nonabsorbable
sutures (2–0 Ethibond Endo-Surgery, Cincinnati, Ohio) from
the first interrupted suture at the fundus below the Nissen wrap
to the distal antrum to create a single-layer and double loop
plication [14]. The calibration tube was removed after com-
pleting the LNFGP procedure (Fig 1), and all the trocar
wounds were closed. A proton pump inhibitor was adminis-
tered for 1 day postoperatively. No nasogastric tube was left.
The patients were allowed to drink water the next day and
discharged later if they did not exhibit vomiting or specific
discomfort. During follow-up, the gastrografin study conduct-
ed on the second postoperative days indicated a Nissen
fundoplication at the proximal stomach and a sleeve-like
appearance of the plicated stomach (Fig 2). The endoscopic
study conducted during the fourth postoperative month

indicated an imbricated greater curvature side and thigh
esophagogastric junction (Fig 3).

Measurement of Reflux Symptoms

The frequency and severity of GERD symptoms were
assessed by the Gastrointestinal Quality-of-Life Index
(GIQLI), a 36-item questionnaire [15] and the items were
scored on a 5-point scale (0–4). The maximum score is 144.
During analysis, the results of the questionnaire are divided
into four domains: physical status (seven items), psychologi-
cal emotions (six items), social functioning (four items), and
specific symptoms (19 items). The specific items for GERD
on the GIQLI were divided into three symptoms; heartburn,
regurgitation, and dyspepsia with a score between 0 and 4 for
each symptom (from the worst to the best option). The GIQLI
was evaluated preoperative and 6 to 12 months after surgery
for all the patients. The presence of GERD symptoms was
defined as typical heartburn and/or acid regurgitation occur-
ring at least once per week over the most recent 3 months.

Classification of Erosive Esophagitis

All patients received preoperative endoscopic evaluation. The
diagnosis and classification of esophagitis was based on the
Los Angeles (LA) classification [16]. According to this sys-
tem, esophagitis was classified into grade A (one or more
mucosal break less than 5 mm in length that do not extend
between the tops of two mucosal folds), grade B (one or more
mucosal breaks greater than 5mm in length, that do not extend
between the tops of two mucosa folds), grade C (one or more
continuous mucosal breaks between the tops of two or more
mucosal folds involving <75 % of the esophageal circumfer-
ence), and grade D (one or more mucosal breaks that involve
at least 75 % of the esophageal circumference).

A hiatal hernia was diagnosed in the presence of a dia-
phragmatic indentation that was at least 2 cm distal to the Z-
line and the proximal margins of the gastric mucosal folds
[17]. The endoscopic evaluation was repeated at 6 to
12 months after surgery for all the patients.

Statistical Analysis

Continuous variables were expressed as mean (standard devia-
tion). The descriptive results of the categorical variables were
expressed as percentages (%) of the subjects affected. Changes in
clinical characteristics, symptoms scores, and EE grade were
compared preoperatively and postoperatively. The categorical
variables were compared using McNemar’s test, whereas the
continuous variables were compared using a paired t test or
Wilcoxon signed-rank test, as appropriate. A two-sided P value
of 0.05 was considered statistically significant. All statistical
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analyses were performed using SPSS version 12.01 (SPSS Inc,
Chicago, Illinois) for Windows.

Results

Patient Demographics

We analyzed a total of 25 consecutive patients (18 women and
seven men), with a mean age of 38.2±7.8 years (from 18 to
58) and a mean BMI of 37.4±5.1 kg/m2 (from 31.5 to 56.4).
The subjects’ characteristics are shown in Table 1. All the
patients were experiencing GERD symptoms before surgery.

The mean operative time was 145.6±23.5 minutes (from 105
to 190). All procedures were performed by laparoscopic sur-
gery. No intraoperative complication developed. The mean
postoperative hospitalization stay was 1.4±1.5 days. Two
patients (8 %) experienced a major 30 days perioperative
complication. The first patient had an acute leak on the second
postoperative day and received a laparoscopic revision sleeve
gastrectomy (Fig 4). The patient recovered uneventfully and
was discharged 5 days later. The second patient returned to the
emergency room 21 days after surgery because of an abscess
in left subphrenic space. The patient required laparoscopic
drainage and received a revision sleeve gastrectomy (Fig 5).

Change of Clinical Characteristics After LNFGP

The mean BMI at 1, 3, 6 and 12 months after surgery were
34.4, 34.1, 31.5 and 30.8, respectively. The mean postopera-
tive weight loss was 9.7, 14.1, 18.0, and 17.0 % at 1, 3, 6 and
12 months, respectively. The percentage of excess postopera-
tive weight loss was 23.6, 34.2, 45.5, and 46.7 % at 1, 3, 6 and
12 months, respectively. The actual mean weight loss was
24.6 kg. The remission of obesity related comorbidities was
also high. One patient received revision surgery at 10 months
after surgery because of inadequate weight loss. She received
a laparoscopic revision sleeve gastrectomy first but converted
to a Roux-en-Y gastric bypass 3 days later when a leakage
developed. The patient was discharged 1 week later after an
uneventful recovery.

Change of GERD Symptoms After LNFGP

During follow-up, only four (16 %) patients had occasional
acid regurgitation symptoms after surgery; however, no anti-

Fig. 1 Case demonstration. a Intraoperative view of a female patient (age
48, BMI 39 kg/m2 with prominent hiatal hernia. b Postoperative view. c
Operation schema of laparoscopic Nissen fundoplication with gastric
greater curvature side plication

Fig. 2 Gastrografin study performed after surgery showing wrapping of
Nissen fundoplication and the “sleeve-like” appearance of plicated
stomach
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acid medication was needed. Following LNFGP, the median
GIQLI increased significantly, especially improving in symp-
toms of regurgitation and heart burn (Table 2). However,
patients experienced more abdominal fullness or dyspepsia
symptom after surgery. After surgery, only five (20 %) pa-
tients experienced erosive esophagitis, and all cases were
grade A. Before surgery, 20 patients (80 %) experienced
erosive esophagitis, including 10 (40 %) with grade A, six
(24 %) with grade B, and four patients (16 %) with grade C
according to the LA classification (Table 2).

Discussions

Morbid obesity is commonly associated with GERD partly
because of the increased intraabdominal pressure that accom-
panies obesity [5, 6]. Although laparoscopic Nissen
fundoplication is a standard approach and an excellent option
for treating intractable GERD, this procedure has no effect on
weight loss and the resolution of obesity related comorbidities.
Recently, several studies have proposed that laparoscopic

Roux-en-Y gastric bypass is a more effective weight reduction
procedure than Nissen fundoplication for morbidly obese
GERD patients [18, 19]. However, gastric bypass surgery
yields significant long-term complications and side-effects,
such as gastrointestinal bleeding, ileus, and nutritional deficien-
cies [20–23]. In addition, life-long oral supplements are also
indicated for gastric bypass patients. Because of these side
effects, not every morbidly obese GERD patient can accept
gastric bypass surgery instead of Nissen fundoplication for the
treatment of GERD.

For other bariatric procedures, laparoscopic sleeve gastrec-
tomy (LSG) is the most commonly performed bariatric sur-
gery in Asia to date [24]. However, LSG is notorious for an
increase in reflux incidence and is not recommended for
morbidly obese GERD patients [25]. Similar controversy also

Fig. 3 Endoscopic image
(Reverse J turn view) of Nissen
fundoplication with plicated
gastric greater curvature 4 months
after surgery

Table 1 Clinical char-
acteristics of 25 obese
patients

Variables Value

Patients (n) 25

Age (years), mean (SD) 38.2 (7.8)

Gender (male/female) 7/18

BMI (kg/m2) 37.4 (5.1)

Operation time (min) 145.6 (23.5)

Hospital stay (day) 1.4 (1.5)

Complications (30 days) 2 (8 %)

Early gastric perforation 1 (4 %)

Late abdominal abscess 1 (4 %)
Fig. 4 Gastrografin study on the second postoperative day showing a
leakage from the right side of the gastric wrap (arrow) and accumulating
in the lesser sac
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existed for laparoscopic adjustable gastric banding. Thus, the
appropriate surgical treatment for morbidly obese GERD pa-
tients is still controversial.

Nissen fundoplication had been reported to associate with a
significant weight loss of 3.9 kg (mean BMI decrease from
27.6 to 26.0) [26]. We also observed a similar average weight
reduction of 4 kg in our patient. However, this degree of
weight loss is far less than effective for morbidly obese
patients. Recently, Khazzaka and Sarkis reported a novel

technique of fundoplication combined with mediogastric pli-
cation in 16 patients with a mass index of 32–35 kg/m2. The
excess weight loss was 10±4 kg (58 %) 1 year after the
procedure [27]. In this study, we use greater curvature side
plication instead of mediogastric plication and the excess
weight loss was 24.6±9 kg (46.7 %). The weight loss was
two times higher using greater curvature side plication than
using mediogastric plication (24.6 vs. 10 kg). In a previous
study, Brethauer discovered that greater curvature side plica-
tion was more effective than mediogastric plication, which is
consistent with our finding [28]. There was no serious com-
plication in Khassaka’s study using mediogastric plication;
however, 8 % of patients who underwent greater curvature
side plication experienced a major complication in this study.

Laparoscopic gastric greater curvature side plication
(LGGCP) is a new restrictive technique that was first reported
in 1981 by Wilkinson [29] but did not garner much attention.
Recently, this technique regained interest after Talepour and
Amoi reported their long-term results [30, 31]. Skrekas re-
cently proposed a double plication technique instead of single
plication which may eliminate prolonged nausea and vomiting
after LGGCP [14]. LNFGP has also been adapted for salvag-
ing failed bariatric surgery, such as a dilated sleeve gastrecto-
my, pouch dilatation after gastric bypass, or inadequate weight
loss after gastric banding [32]. The combination of current
bariatric surgery with LGGCP has also been reported, for
example, banded gastric plication [33]. LNFGP is the first
combination of an anti-reflux procedure with a bariatric pro-
cedure. Our preliminary data indicates that this combination is
feasible and may be an option for the treatment for obese
GERD patients.

The advantages of this novel procedure of adding greater
curvature side gastric plication to laparoscopic Nissen
fundoplication is the treatment of both obesity and GERD.
The benefits of LNFGP that mostly influenced the patients’
decision-making were the lack of side-effects from gastric
bypass surgery, preserving the efficacy of Nissen
fundoplication and a comparable weight loss effect with
sleeve gastrectomy. The major disadvantage of LNFGP is a
high major 30-day complication rate (8 %) in this study. The
high complication rate may be attributed to a small case
number and a higher complication in the learning curve of a
new laparoscopic procedure. We have learned to avoid a
whole layer suture during the surgery and educate the patient
to avoid excess vomiting during the early postoperative
period.

There were some limitations in this study. The first was the
lack of long-term data in durability of gastric plication.
According to our short-term follow-up after LNFGP, we con-
sider its anti-reflex and weight loss effect to be satisfied and
expect that this procedure would be more readily accepted by
patients who hesitate to undergo a procedure that requires life-
long change in eating and behavior, long-termmedical follow-

Fig. 5 CT scan revealed an intra-abdominal abscess on the 21st postop-
erative day after laparoscopic Nissen fundoplication with gastric greater
curvature side plication

Table 2 GERD symptoms and EE among 25 obese patients at baseline
and 1 year after surgery

Preoperative Postoperative,
12 months

P

GERD symptoms, n (%) 25 (100) 4 (16) <0.001

BMI (kg/m2) 37.9 30.8 <0.001

GIQLI score 102.2±17.6 116±16.1 <0.001

Total symptoms score 56.7±6.6 63.1±9.0 <0.01

Heartburn dimension 2.8±0.6 3.7±0.3 <0.01

Dyspepsia dimension 3.1±0.7 2.6±1.1 <0.01

Regurgitation dimension 3.2±0.8 3.9±0.1 <0.05

Erosive esophagitis, n (%) 20 (80) 4 (16) <0.001

No esophagitis 5 21

Grade A 10 4

Grade B 6 0

Grade C 4 0

Hiatal hernia, n (%) 11 (44) 0

GERD gastroesophageal reflux disease
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up, and vitamin supplementation. However, we need long-
term data before accepting this novel procedure as a standard
treatment. In addition, laparoscopic Roux-en-Y gastric bypass
may still be considered as a better procedure for obese GERD
patients with a hiatal hernia >3 cm or long-segment Barrett’s
esophagus, because a high recurrence rate after fundoplication
may be expected in this group of patients [34]. Another
limitation of this study is the lack of objective pH monitoring
data preoperatively and postoperatively.

In conclusion, LNFGP is a novel, technically feasible
combination procedure of fundoplication and bariatric surgery
that results in a good anti-reflux effect and acceptable weight
loss during short-term follow-up. However, this procedure
should be performed under an investigation setting under
IRB approval at this moment, and long-term follow-up is
necessary to confirm our findings.
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