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Abstract
Background Laparoscopic greater curvature plication (LGP) has recently emerged as a new bariatric procedure. This surgery
provides gastric restriction without resection, which could potentially provide a lower risk alternative, with fewer complications.
The real benefit of this technique in the short and long term is unknown. This systematic review aims to compare laparoscopic
gastric plication and laparoscopic sleeve gastrectomy for obesity treatment.
Methods Clinical trials were identified in MEDLINE, Embase, Cochrane, LILACS, BVS, SCOPUS, and CINAHL databases.
Comparison of LGP and laparoscopic sleeve gastrectomy (SG) included hospital stay, operative time, loss of hunger feeling,
body mass index loss (BMIL), percentage of excess weight loss (%EWL), complications, symptoms in the postoperative period,
and comorbidity remission or improvement.
Results This systematic review search included 17,423 records. Eight studies were selected for meta-analysis. There is no
difference in operative time, hospital stay, and complications. Patients in the SG group had improved loss of hunger feeling.
BMIL was better in the SG group at 12 and 24 months [mean difference (MD) − 2.19, 95% confidence interval (CI) − 3.10 to −
1.28, and MD − 4.59, 95% CI − 5.55 to − 3.63, respectively]. SG showed improved%EWL compared with gastric plication in 3,
6, 12, and 24 months. However, no difference was found in %EWL long-term results (24 and 36 months). Patients who
underwent LGP had more sialorrhea. SG showed better results in diabetes remission.
Conclusions SG showed improved weight loss when compared with LGP, with better satiety, fewer symptoms in the postoper-
ative period, and improved diabetes remission.
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Introduction

Obesity is a growing global epidemic affecting more than
1.9 billion adults worldwide [1]. The increasing global
burden of obesity and its associated comorbidities has cre-
ated an urgent need for additional treatment options to
fight this pandemic [2]. Bariatric surgery remains the gold
standard of treatment for sustainable weight loss and re-
duction of comorbidities in morbidly obese patients when
compared with other nonsurgical options, including be-
havior modification, diet modification, drug therapy, and
exercise [3].

Surgical treatment is an effective therapy for weight loss in
patients with obesity [4]. The need for a safer and less expen-
sive treatment is imperative, since many patients decline sur-
gical treatment based on fear of surgery, costs, and concerns
about results and complications [5, 6]. For this reason, re-
searchers continue to look for an ideal surgery with minimal
complications and lower costs. There are many reports of
minimally invasive procedures with different strategies for
obesity treatment [7, 8].

Gastric plication was first reported in animal models in
1969 by Kirk as a procedure for weight loss [9]. This surgery
consists of a restrictive technique that reduces the gastric vol-
ume by plication of the greater curvature [10]. In recent years,
laparoscopic greater curvature plication has emerged as a new
bariatric procedure [11]. The rationale for this surgery is to
provide a gastric restriction without gastric resection, intestinal

bypass, or placement of a foreign body. This could potentially
provide a lower risk alternative, with fewer complications [12].

Laparoscopic greater curvature plication is still considered
experimental by the primary bariatric surgery societies, and the
true benefits of this surgery in the short and long term are un-
known [11]. Prospective studies comparing gastric plication to
other well-established bariatric procedures were recently pub-
lished and were not included in a recent meta-analysis [13, 14].
Our systematic review aims to compare the outcomes of clinical
trials that compared laparoscopic greater curvature plication and
laparoscopic sleeve gastrectomy for obesity treatment.

Material and Methods

This systematic review was conducted in accordance
with the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) recommendations and reg-
istered on the PROSPERO international database
(CRD42017056733) [15, 16].

Eligibility Criteria

The inclusion criteria were as follows: only complete published
clinical trials (randomized and prospective nonrandomized)
comparing laparoscopic greater curvature plication and laparo-
scopic sleeve gastrectomy. No restrictions for language or year

Fig. 1 Flow diagram of study
selection
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of publication were applied. We excluded abstracts and studies
including patients for revisional surgery.

The following outcomemeasures were used for comparison:
hospital stay, operative time, body mass index loss (BMIL) (6,
12, and 24 months), percentage of excess weight loss (%EWL)
(3, 6, 12, 18, 24, and 36 months), loss of hunger feeling (6 and
12 months), complications (bleeding, leak, stenosis, and throm-
boembolism), symptoms after surgery (nausea, vomiting,
sialorrhea, and abdominal pain), and comorbidity improvement
or remission (hypertension, diabetes, and sleep apnea).

Search and Information Sources

Studies were identified by searching electronic databases
(MEDLINE, Embase, Cochrane, Scopus, LILACS, BVS,
and CINAHL). The gray literature search included chapters
of endoscopy and gastroenterology books, theses,
ResearchGate, and references in the selected articles and in
published systematic reviews. The last search was run on
October 22, 2017.

Search terms included in MEDLINE were (Gastric plica-
tion OR Gastric plicature OR Great curvature plication OR
Gastric vertical plication OR Laparoscopic gastric greater cur-
vature plication OR Laparoscopic gastric plication ORGastric
imbrication OR Stomach Sparing Gastric Sleeve) OR (Sleeve
gastrectomy ORVertical gastrectomy). In the other databases,
the same strategy was used with a few modifications.

Study Selection and Data Collection Process

Two reviewers performed eligibility assessment and selection
of screened records independently in an unblinded, standard-
ized manner. Disagreements were resolved by consensus. In
case of duplicated publications, the most complete and recent
was selected. The same authors extracted data from selected
studies using a standardized form (Supplementary Information
Sheet). Disagreements were resolved by consensus.

Data Items

The following information was extracted from each trial: (1)
characteristics of the trial’s participants and the trial’s inclu-
sion and exclusion criteria, (2) type of intervention and control
groups, and (3) type of outcome measures.

The operative time is measured in minutes, and the hospital
stay was recorded in days. Complications were considered as
reported. Gastric outlet obstruction was considered as stenosis
in one case. Symptoms in the postoperative time were not
considered complications. Each symptom was reported and
analyzed individually.Ta
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Risk of Bias of Individual Studies

Two reviewers analyzed together the quality of the studies with
the Jadad scale for randomized trials and the Newcastle-
Ottawa scale for nonrandomized trials [17, 18], to certify the
risk of bias and the quality of the studies.

Summary Measures and Planned Methods of Analysis

The meta-analyses were performed with ReviewManager 5.3
software (RevMan), which was obtained from the Cochrane
Informatics and Knowledge Management Department (http://
tech.cochrane.org/revman). Continuous data were analyzed
by computing mean difference (MD), with the inverse
variance method and fixed effect. Dichotomous data were
analyzed by computing risk differences (RD) with a fixed
effect model, Mantel-Haenszel test, and intention-to-treat
analysis (ITT). We calculated 95% confidence intervals
(95% CI) and number necessary to treat (NNT) or to harm
(NNH) for each outcome and study.

Graphical analyses with a funnel plot and a forest plot were
generated. Inconsistency (heterogeneity) was calculated using
the chi-square test and the Higgins method (I2). The advantages
of the Higginsmethod are that it does not depend on the number
of studies and it is accompanied by an uncertainty interval. A
cutoff point of I2 < 50% was established as acceptable [19].

Risk of Bias Across Studies

A graphical method was used (forest plots) to evaluate the
relation between sample size and effect size for each outcome.
Funnel plots were used to evaluate the risk of publication bias
across the studies’ outcomes. The graphical method analysis
involved a plot of the trials’ mean differences and search for
asymmetry.

Quantification of heterogeneity is another component
of the investigation of variability across studies.
Considering the clinical implications of the observed de-
gree of inconsistency across studies, the cutoff value of
50% was considered adequate for this meta-analysis. If
the heterogeneity of the results of a meta-analysis (I2)
was greater than 50%, a sensitivity analysis was conduct-
ed, excluding the reports located outside the funnel
(outliers) if possible; another meta-analysis without the
given report was then performed. In case of persistent
high heterogeneity after this process or if we could not
detect outliers, true heterogeneity was presumed and a
random model was assumed.

We acknowledge that other factors could produce asymme-
try in funnel plots leading to a high heterogeneity (true study
heterogeneity), such as differences in the population studied,
differences in trial quality, or even different techniques applied
for the same surgery.Ta
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Additional Analyses

No subgroup analysis was generated.

Results

The literature search resulted in 3807 records in MEDLINE
and 13,614 in the other databases. Two studies were identified
in the gray literature search. This systematic review included
17,423 records. Ten trials were included in the initial selection
of articles [20–29]. One study that compared comorbidity out-
comes was excluded because it had losses greater than 20%
[25]. The other excluded trial aimed to evaluate food tolerance
and quality of life [26]. One randomized clinical trial was not
clear whether the gastric plication and sleeve gastrectomy
were both laparoscopic [27]. It was necessary to contact the
author to confirm that a laparoscopic technique was used.
Eight studies were considered for the meta-analysis, with a
total of 422 patients [20–24, 27–29]. The study selection pro-
cess is illustrated in Fig. 1. The study characteristics, risk of
bias, and individual results are reported in Tables 1, 2, 3, and
4. The detailed surgical technique used in each procedure is
described in Tables 5 and 6 (Supplementary Material).

Hospital Stay

Five studies reported this outcome [20, 22–24, 29], but one
could not be included because of lack of standard deviation
[20]. A high heterogeneity was noted in the initial analysis.
After identifying and excluding the outlier [24], the heteroge-
neity remained. A random effect was used for analysis, and no
significant difference was found (MD − 0.49, 95% CI [− 1.52,
0.54], I2 70%) (Fig. 2).

Operative Time

Four trials included this outcome for meta-analysis [20,
22–24], but one was excluded because of lack of standard
deviation [20]. A high heterogeneity was noted, and it was
not possible to exclude outliers. There is no difference for both
surgical therapies with random effect (MD − 16.62, 95% CI
[− 43.32, 10.08], I2 95%) (Fig. 3).

BMIL

This outcome was evaluated at 6, 12, and 24 months. Two
studies reported BMIL for 6 and 12 months only [22, 23].
Two other trials included these outcomes for 24 months [20,
22]. There was no difference between interventions at

Table 3 Risk of bias—Jadad and
Newcastle Ottawa scales Randomized studies Criteria Points Jadad

Talebpour, 2017 [29] Randomization 2 3
Blinding 0

Account of patients 1

Casajoana, 2017 [27] Randomization 2 3
Blinding 0

Account of patients 1

Grubnik, 2016 [22] Randomization 2 3
Blinding 0

Account of patients 1

Abouzeid, 2015 [20] Randomization 2 2
Blinding 0

Account of patients 0

Sharma, 2015 [21] Randomization 2 3
Blinding 0

Account of patients 1

Nonrandomized studies Criteria Points Newcastle-Ottawa

Buzga, 2016 [25] Selection 4 8
Comparability 2

Outcome 2

Shen, 2013 [23] Selection 4 7
Comparability 1

Outcome 2

Morshed, 2011 [24] Selection 4 6
Comparability 1

Outcome 1
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6 months (MD − 1.18, 95% CI [− 3.23, 0.88], I2 82%). A
random effect was used due to high heterogeneity in the 6-
month analysis (Fig. 4). The results were favorable for sleeve
gastrectomy at 12 and 24 months, considering fixed effect
(MD − 2.19, 95% CI [− 3.10, − 1.28], I2 0% and MD − 4.59,
95% CI [− 5.55, − 3.63], I2 0%, respectively) (Figs. 5 and 6).

EWL

This outcome was evaluated after 3, 6, 12, 18, 24, and
36 months. Three studies included EWL at 3 months in the
analysis [23, 28, 29]. Five trials had EWL at 6 and 12 months
in the analysis [21–23, 28, 29]. Two trials compared 18- and 24-
month [22, 29] and 36-month [21, 22] results. Sleeve gastrecto-
my had better results comparedwith gastric plication at 3months
(MD − 7.42, 95%CI [− 10.58,− 4.26], I2 0%), 6months (MD −
8.50, 95% CI [− 12.15, − 4.85], I2 38%), 12 months (MD −
11.55, 95% CI [− 15.72, − 7.39], I2 20%), and 18 months
(MD − 6.98, 95% CI [− 12.47, − 1.49], I2 43%), but there was
no difference in 24 (MD − 17.69, 95% CI [− 54.05, 18.68], I2

97%) and 36 months (MD − 31.41, 95% CI [− 72.37, 9.56], I2

95%). High heterogeneity was noted in the 24- and 36-month
analyses. Random effect was used, because it was not possible
to exclude outliers (Figs. 7, 8, 9, 10, 11, and 12).

Loss of Hunger Feeling

This outcome was evaluated at 6 and 12 months. Two studies
were used for meta-analysis [22, 23], with better results in the
sleeve gastrectomy group (RD − 0.31, 95% CI [− 0.49, −
0.12], I2 0%, NNH 3, and RD − 0.38, 95% CI [− 0.63, −
0.13], I2 50%, NNH 3, respectively). Random effect was used

for the 12-month outcome, due to high heterogeneity (Figs. 13
and 14).

Complications

Three studies evaluated thromboembolism [22, 23, 29], ste-
nosis [20, 21, 23], and bleeding [22, 23, 27]. Five studies
compared leaks, and no differences were found (RD − 0.02,
95% CI [− 0.06, 0.03], I2 0%) [20–23, 29]. There are no dif-
ferences between gastric plication and sleeve gastrectomy
with regard to bleeding (RD 0.00, 95% CI [− 0.07, 0.07], I2

0%), stenosis (RD 0.03, 95% CI [− 0.05, 0.12], I2 12%), and
thromboembolism (RD 0.01, 95% CI [− 0.04, 0.06], I2 0%)
(Figs. 15, 16, 17, and 18 of Supplementary Material).

Symptoms After Surgery

The main reported symptoms after surgical treatment were
nausea, vomiting, abdominal pain, and sialorrhea. Two trials
reported all those symptoms [22, 23]. Vomiting was reported
in three studies [22, 23, 27]. No difference was noted with
regard to nausea (RD 0.12, 95% CI [− 0.02, 0.26], I2 0%),
vomiting (RD 0.09, 95% CI [− 0.01, 0.18], I2 0%), and ab-
dominal pain (RD 0.09, 95% CI [− 0.02, 0.21], I2 0%).
Patients submitted to laparoscopic gastric plication had more
sialorrhea (RD 0.23, 95% CI [0.09, 0.37], I2 10%, NNH 4)
(Figs. 19, 20, 21, and 22 of Supplementary Material).

Comorbidity Improvement and Remission

Hypertension, diabetes, and sleep apnea were evaluated in this
meta-analysis. Three trials compared hypertension improvement

Fig. 2 Forest plot of hospital stay
of LGCP and LSG with fixed
effect after excluding outlier

Fig. 3 Forest plot of operative
time of LGCP and LSG with
random effect

Fig. 4 Forest plot of BMIL with
6 months of LGCP and LSG with
random effect
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[20, 22, 23], hypertension remission [22, 23, 27], and diabetes
outcomes [22, 23, 27]. Two studies evaluated sleep apnea [22,
23]. Hypertension improvement and remission showed high
heterogeneity; after using a random effect, no difference was
noted for both outcomes (RD 0.08, 95% CI [− 0.47, 0.64], I2

65% and RD − 0.14, 95% CI [− 0.57, 0.29], I2 55%, respective-
ly). For diabetes, there was no difference in improvement (RD
0.19, 95% CI [− 0.05, 0.44], I2 0%). Laparoscopic gastric plica-
tion showed inferior results compared with laparoscopic sleeve
gastrectomy considering diabetes remission (RD − 0.29, 95%CI
[− 0.58, − 0.01], I2 0%, NNH 4). Sleep apnea also showed no
significant difference in improvement (RD 0.45, 95% CI [−
0.10, 1.00], I2 17%) and remission (RD − 0.45, 95% CI [−
1.00, 0.10], I2 17%) (Figs. 23, 24, 25, 26, 27, and 28 of
Supplementary Material).

Additional Analyses

No additional analyses were performed.

Discussion

As laparoscopic gastric plication is still an experimental pro-
cedure, there are just a few previous published systematic re-
views without meta-analysis [11, 12]. The previous publica-
tions do not include all prospective trials available now [14, 27,
30], and the most recent meta-analysis showed several meth-
odological issues [30]. We aimed to correct these deficiencies
in our work, trying to shed more light on this procedure.

Our meta-analysis noted no difference between both sur-
geries when comparing mean operative time. The expected
result for analysis is a shorter operative time for sleeve

gastrectomy. One trial showed the opposite [24]. Maybe this
is the reason for a high heterogeneity in the meta-analysis.
Further, the complete analysis of this outcome must consider
the surgical technique. Some authors used reinforcement su-
tures in the stapling line in the sleeve gastrectomy group,
which can increase the operative time and minimize the mean
difference between procedures.

Laparoscopic gastric plication was assumed to be a less
invasive procedure, so it was expected to be better tolerated
than sleeve gastrectomy. Laparoscopic greater curvature pli-
cation studies reported a higher number of patients with symp-
toms in the postoperative period than sleeve gastrectomy in all
studies. However, there was no significant difference in the
meta-analysis of pain, nausea, and vomiting. Generally,
vomiting, nausea, and abdominal pain are expected in the first
days after laparoscopic greater curvature plication surgery, but
it may persist for weeks [31, 32]. Sialorrhea was the only
symptom that had a significant difference in the meta-analysis.
Every four patients who undergo laparoscopic greater curva-
ture plication will result in one more case of sialorrhea symp-
toms compared with sleeve gastrectomy.

One of the main reasons to justify laparoscopic greater
curvature plication is the idea of a less invasive procedure.
The meta-analysis failed to demonstrate any benefit in reduc-
ing complications with the gastric plication. There was no
difference in bleeding, stenosis, and thromboembolism out-
comes. The rationale was to expect fewer cases of leaks with
this new procedure. Only four cases of leaks were reported in
all studies, with no significant difference between groups.
Also, in one of the selected studies, leakage was only reported
after laparoscopic gastric plication [21]. As leaks are the
Achilles’ heel of sleeve gastrectomy, it is important to dem-
onstrate that with laparoscopic gastric plication, complications

Fig. 6 Forest plot of BMIL with
24 months of LGCP and LSG
with fixed effect

Fig. 7 Forest plot of EWL with
3 months of LGCP and LSG with
fixed effect

Fig. 5 Forest plot of BMIL with
12 months of LGCP and LSG
with fixed effect
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Fig. 9 Forest plot of EWL with
12 months of LGCP and LSG
with fixed effect

Fig. 10 Forest plot of EWL with
18 months of LGCP and LSG
with random effect

Fig. 11 Forest plot of EWL with
24 months of LGCP and LSG
with random effect

Fig. 12 Forest plot of EWL with
36 months of LGCP and LSG
with random effect

Fig. 13 Forest plot of loss of
hunger feeling with 6 months of
LGCP and LSG with fixed effect

Fig. 14 Forest plot of loss of
hunger feeling with 12 months of
LGCP and LSG with random
effect

Fig. 8 Forest plot of EWL with
6 months of LGCP and LSG with
random effect
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were not reduced. Still, we can consider laparoscopic gastric
plication a safe procedure, with a low number of major
complications.

Hospital stay was equivalent between the two groups.
However, this analysis had a high heterogeneity, and outliers
had to be excluded. Because the major complications were
similar between the groups, we expect no difference in the
hospital stay.

The most important outcomes to consider are the BMIL
and EWL. Sleeve gastrectomy showed improved BMIL after
12 and 24 months. Further, EWL was superior in the sleeve
gastrectomy group after 3, 6, 12, and 18 months. Long-term
results (24 and 36 months) from our data are not valuable, due
to the low number of patients included and high heterogeneity.
In addition, the loss of hunger feeling was better in the sleeve
gastrectomy group after 6 and 12 months. One possible expla-
nation for these results is the atrophy of the in-folded mucosa,
which may result in a relative increase of gastric volume after
6 months in gastric plication patients [31]. Both procedures
involve gastric restriction, but the possible mechanism that
could explain improved satiety and weight loss is the gastric
fundus resection. Several studies found reduced levels of
ghrelin after sleeve gastrectomy, acting as a metabolic effect
[33, 34]. In an overall view, weight loss seems to be superior
in the sleeve gastrectomy patients, but due to lack of long-term
results, we cannot make strong conclusions.

The weight loss results have to be considered with caution.
There is scarce long-term evidence about follow-up of 5 or more
years for plication. Only Talebpour and Dolezalova-Kormanova
had long-term results [32, 35]. Both articles come from single-
center series and retrospective reviews, but we do not have
results from long-term comparative prospective trials. In fact,
Talebpour showed concerns after a 4-year period following lap-
aroscopic gastric plication, due to atrophy of the in-folded mu-
cosa, gastric enlargement, and consequent weight regain.

No difference was noted in hypertension and sleep apnea
improvement and remission after different interventions.
Those outcomes were not reported in all included studies,
and just a few patients were available for analysis. Sleeve
gastrectomy showed improved diabetes remission compared
with gastric plication. For this outcome interpretation, we
must consider that BMIL and EWL were greater in the lapa-
roscopic gastric plication patients. To the present, no studies
classified results of laparoscopic gastric plication according to
BMI categories. Perhaps the analysis of this data would show
a specific group with better results for this technique.
Prediction methods would help to estimate the results of sur-
gery for obesity [36].With that in mind, the decision to choose
a technique that fits a patient would be easier.

The strengths of this systematic review are the broad search
for prospective studies. One limitation is the number of studies
and included patients. Moreover, most of those articles did not
report long-term results. Some outcomes could not be

compared, because of lack of uniformity and standard devia-
tion. It would have been interesting to have more randomized
trials comparing those surgical therapies with long-term follow-
up. It is important to mention that due to these reasons, the
results of laparoscopic gastric plication may be overestimated.
Maybe those long-term results were not published due to losses
to follow-up or publication bias.

Conclusion

Laparoscopic sleeve gastrectomy showed better results for
obesity treatment than did laparoscopic gastric plication.
Vertical gastrectomy had improved results when considering
weight loss, satiety, and diabetes remission and had fewer
symptoms in the postoperative period. No difference was not-
ed when comparing operative time, hospital stay, complica-
tions, hypertension, and sleep apnea improvement and remis-
sion. Thus, laparoscopic gastric plication seems that it will not
be the new procedure to replace sleeve gastrectomy. It con-
tinues to be a low morbidity and mortality procedure, but its
weight loss results have not accomplished the presumed ex-
pectations; therefore, its real role in the bariatric surgery ar-
mamentarium may be compromised.
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