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Abstract

Background During the last decade, laparoscopic greater curvature plication (LGCP) has been used as a bariatric procedure for
the treatment of obesity, regarded as less invasive and less expensive than other surgical bariatric procedures. We aimed to
systematically review the literature and highlight recent clinical data regarding outcomes of LGCP in the treatment of obesity.
Methods A comprehensive research of Pubmed database on LGCP was performed. The search was conducted on the first of
May 2020 and was not limited to any date range. Outcomes of interest were surgical technique, postoperative complications,
weight loss outcomes, comorbidities improvement or resolution, and revisional surgeries after technical failure or weight regain.
Results Fifty-three articles were eligible for inclusion, with 3103 patients undergoing LGCP (mean age: 13.8-55 years). Mean
preoperative body mass index (BMI) ranged from 31.2 to 47.8 kg/m?*. Mean operative time ranged from 48 to 193 min. Length of
hospital stay ranged from 0.75 to 7.2 days. Most studies provided postoperative follow-up up to 12 months. Mean percentage of
excess weight loss (%EWL) ranged from 30.2 to 71.1% and 35 to 77.1% at 6 and 12 months post-LGCP, respectively. Only one
study followed patients for more than 10 years and mean %EWL at 1, 5, and 10 years was 67%, 55%, and 42%, respectively.
Conclusion LGCP seems to be an acceptable surgical procedure for the treatment of obesity, especially in centers having a low

medical budget. However, most existing comparative studies report superiority of LSG regarding weight loss.
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Introduction

Obesity represents a major worldwide public health concern,
reaching more than 1.7 billion people around the globe. In the
USA, obesity prevalence has been increasing since the 1980s
among adults: between 2015 and 2016; it is estimated that
39.6% of adults over 20 years old are obese (BMI > 30), with
9.7% of women and 5.6% of men suffering from grade 3
obesity (BMI>40) [1]. Being the harbinger of many other
comorbidities, severe obesity is associated with reduced life
expectancy [2]. Bariatric surgery is the most effective therapy
available for morbid obesity and can result in improvement or
complete resolution of obesity comorbidities [2].

Existing surgical procedures act by reducing the size or
capacity of the stomach, by bypassing a portion of the intes-
tine, or by a combination of these two approaches, the ultimate
goal being to promote long-term weight loss and beneficial
metabolic effects. The exact mechanisms assuring efficacy of
bariatric surgery are still unclear, and controversy exists re-
garding the ideal procedure [3]. With the decrease of the use of
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laparoscopic adjustable gastric banding (LAGB), laparoscopic
sleeve gastrectomy (LSG) has been increasingly adopted
worldwide, being the most performed primary bariatric pro-
cedure in the USA since 20132014 [4]. However, despite its
efficacy, this procedure is not devoid of complications such as
gastric leaks or bleeding, leading thus to a continuous search
for new less invasive bariatric surgery techniques.

Gastric plication is a restrictive bariatric procedure that was
first described by open surgery in 1976 by Tretbar et al [5]. Its
effect in weight loss had been previously reported in animal
studies [6]. Recently, Talebpour and Amoli [7] introduced
laparoscopic greater curvature plication (LGCP), which has
gained popularity among surgeons and patients due to its sim-
ilarities to LSG. It reduces gastric volume and food intake by
plication of the greater curvature, without resecting the stom-
ach. Reported advantages of LGCP are its potential reversibil-
ity, the absence of foreign body placement, low complication
rate, and reduced cost. However, current literature lacks long-
term data on LGCP, with few existing comparative studies
between LGCP and other bariatric procedures.

The aim of this study is to provide an up-to-date systematic
review of the literature and highlight recent clinical data re-
garding outcomes of LGCP in the treatment of severe obesity.

Methods

A systematic review in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and in line with the protocol agreed by
all authors was conducted, after institutional review board
approval (written consent by patients was not needed). The
search was conducted on the first of May 2020 and was not
limited to any date range. The following MeSH terms were
used in all possible combinations: “laparoscopic gastric plica-
tion”, “laparoscopic greater curvature plication”, and “vertical
gastric plication”. Pubmed database was used. Only studies in
English were considered. Papers were identified for review by
title and abstract. Additionally, references of each article were
reviewed for inclusion. Experimental studies, review articles,
and studies combining LGCP to other bariatric procedures
were excluded. Two authors independently performed data
extraction and quality assessment of included articles. Any
disparities were solved by a consensus decision. Outcomes
of interest were surgical technique, postoperative complica-
tions, weight loss outcomes, and comorbidities improvement
or resolution. Each selected study included at least one out-
come of interest.

For each eligible study, data were extracted according to
the following criteria: demographics, surgical technique, post-
operative complications, weight loss outcomes, comorbidities
improvement or resolution, and revisional surgery after
weight loss failure or weight regain. Extracted demographics

included: number of patients, sex, mean age, mean weight,
mean preoperative body mass index (BMI), and prior abdom-
inal surgeries. Extracted technical details and intraoperative
results included access route, additional number of trocars,
mean operative time, mean blood loss, intraoperative compli-
cations, rate of conversion to open surgery, and concomitant
surgery. Extracted postoperative data included duration of
hospital stay, relaparoscopy, postoperative bleeding, postop-
erative complications, mortality, weight loss, and comorbidi-
ties resolution data.

Results
Study ldentification (Fig. 1)

Sixty potentially eligible references were identified, of which
4 were excluded after review of their titles and abstracts. After
full manuscript assessment, 3 additional references were ex-
cluded. Finally, 53 articles were eligible for inclusion in this
systematic review, including 24 prospective studies, 6 ran-
domized clinical trials (RCT), 3 non RCT, 14 retrospective
studies, and 6 case reports (Fig. 1). Five articles [7-11] were
substudies of large series by the same group. Two articles [12,
13] reported short-term and long-term follow-up of the same
series. All selected articles were published between 2007 and
2020. Total number of patients included in the reviewed series
was 3103. Pooled mean age was 37.1 years (range: 13.8—
55 years). Pooled mean preoperative body mass index
(BMI) was 41.7 kg/m” (range: 31.2-47.8 kg/m?).

Surgical Technique (Table 1)

Surgical procedure is performed under general anesthesia,
with the patient in reverse Trendelenburg position at 30°-
french position (operator between the legs). All authors used
four to five trocars placed in the upper abdomen. The proce-
dure involves two main steps: mobilization of the greater gas-
tric curvature followed by plication of the stomach. Currently,
there is no standardized technique for LGCP. Most surgical
teams begin dissection of the greater curvature 4 to 6 cm from
the pylorus and move upward to the left crus of the diaphragm,
stopping approximately 2 cm below the angle of His to pre-
serve its anatomy.

The aim of gastric plication is to achieve gastric restriction
by packing as much space of the stomach as possible via folds
from its own wall. Most surgical teams perform 2 rows of
sutures to create plications. Talebpour et al. [8] performed
one-row plication during the first 6 years of their experience.
A two-row plication using 4 separation points at each trans-
verse level of the stomach representing locations of suture
bites was used thereafter. These 4 points are depicted as A
and B (anterior gastric wall) and C and D (posterior gastric
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Fig. 1 Flow chart of studies retrieved from the current literature

wall) in Figs. 2, 3, and 4. These points were repeated at many
levels from the fundus to the prepyloric area. Bites A and D
were 1 cm away from the lesser curvature and in all levels
together consist the outer suture row. The inner suture row
included different levels of bites B and C, which were 1 cm
away from the greater curvature. When pulled, the thread
passed across the four points resulted in inward plication of
the greater curvature composed of three folds of AB, BC, and
CD. The first bite was inserted almost 2 cm above His angle
lateral to the angle of His (Figs. 2, 3, and 4). However, some
authors such as Fried et al. [12] performed two plication rows
only at the beginning of their experience in LGCP to then
prefer a single row in their practice, finding no differences
between the 2 groups in terms of weight loss and complication
rates.

A calibration device was used in all series to adjust
gastric volume, except for Talebpour et al. [8], Bara et al.
[33], Darabi et al. [25], and Sharma et al. [39] who did not
mention this device. Most surgical teams used orogastric
tubes with sizes ranging from 32 to 42 French. Brethauer
et al. [18] and Fried et al. [12] used intraoperative endos-
copy for calibration which provided guidance for the size
and shape of the created fold. Buzga et al. [34, 35] carried
out the first three procedures under endoscopic observa-
tion; thereafter, procedures were performed without endo-
scopic guidance or bougie. Niazi et al. [27] calculated gas-
tric volume by transient pyloric occlusion with an
atraumatic grasper and infusion of liquid into the stomach
via a nasogastric tube.

@ Springer

Non-absorbable material was mainly used, except for Mui
et al. [26] who used non-absorbable suture in the first row and
absorbable suture in the second row, and Skrekas et al. [21],
Lese et al. [38] and Morshed and Abdalla [19] who used
absorbable suture in the first row and non-absorbable suture
in the second row. The type of stitch (interrupted or continu-
ous) remains controversial among studies, with authors
reporting 2 rows of continuous sutures [8, 12, 17, 18, 25, 27,
29, 31, 45], a combination of continuous and interrupted su-
tures [16, 23, 24, 26, 28, 32, 36, 38-40, 42, 43, 46, 50] or even
2 rows of interrupted sutures. [20, 21, 49] Gudaityte et al. [48]
performed one row of interrupted sutures and a second con-
tinuous row for the first 31 patients, then changed to 1.5 row
of interrupted sutures for the remaining 30 patients.
Gastroscopy was performed 3 years postoperatively in 31 pa-
tients to evaluate the integrity of plication fold, with no sig-
nificant difference in complete or partial disruption rate found
between the two plication techniques. Finally, in most studies,
distance between sutures was recommended to be no more
than 2 ¢cm (1 cm for Talebpour et al. [8] and 1 to 1.5 c¢cm for
Skrekas et al. [21]).

Brethauer et al. [18] performed 2 different procedures:
LGCP in 6 patients and laparoscopic anterior plication
(LAP) in 9 patients. In the latter group, the anterior gastric
wall was folded inward from the fundus to the antrum using
2 rows or more of 2—0 polypropylene continuous suture. The
greater and lesser curvatures were approximated on the ante-
rior surface of the stomach without greater curvature
mobilization.
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Fig. 2 Transverse section of
plicated stomach (Talebpour et al.
2012). Schematic illustration of 4
separation points at each
transverse level of the stomach
which represent the exact sites of
suture bites (A and B in anterior
and C and D in posterior gastric
wall)

Weight Loss (Tables 2 and 3)

Weight loss results after LGCP were reported in 41 studies
(Tables 2 and 3). Mean percentage of excess weight loss
(%EWL) was provided by most studies. Three studies [26,
36, 44, 48] reported weight loss in terms of percentage of
excess body mass index lost (%EBMIL), and 2 studies [19,
45] defined weight loss as percentage of total weight loss.
Most studies provided postoperative follow-up for 12 months.
The mean %EWL ranged from 30.2 to 71.1% at 6 months and
35% to 77.1% at 12 months after LGCP. Six studies [9, 14, 21,
27, 32, 46] provided follow-up until 2 years postoperatively
and mean %EWL at 24 months ranged from 37.5 to 74.4%.
Follow-up until 3 years after LGCP was reported in 6 studies
[7, 10, 37, 39, 43, 48] and mean %EWL at 36 months ranged
from 20.5 to 67.3%. Two studies [8, 13] provided 5-year
follow-up and mean %EWL ranged from 52.6 to 55%. Only
Talebpour et al. [8] followed patients for more than 10 years
and mean %EWL at 1, 2, 3, 4, 5 and 10 years was 67%, 70%,
66%, 62%, 55%, and 42% respectively. Brethauer et al. [18]
found that mean %EWL after LAP was 23.3% at 12 months
compared to 53.4% for LGCP (P =0.0078).

Fourteen studies compared weight loss results after LGCP
and LSG including 5 randomized clinical trials (RCT), 3 non
RCT, and 6 retrospective studies (Table 3). Ten studies (5
retrospective, 2 non RTC, 3 RCT) reported significantly
higher mean %EWL with LSG after a postoperative time of
3 months [14, 22, 35, 49], 6 months [14, 22, 28, 35, 40, 49],
12 months [22, 28, 31, 35, 37, 42, 49], 18 months [42],
24 months [37, 43], and 36 months [37, 43]. Eight studies (4
retrospective, 1 non RTC, 3 RCT) showed no difference of

A1,B1,C1&D1

I1cm
I1cm

A2,B2,C2&D2

mean %EWL with LSG at 3 months [28, 37, 40], 6 months
[37, 39, 42, 43], 18 months [14, 35], 24 months [14], and
36 months [37, 39]. A meta-analysis by Barrichello et al.
[51] included all clinical trials comparing LGCP to LSG (5
RCT and 3 non RCT) with a total of 422 patients and found
better mean %EWL after LSG at 3, 6, 12, and 18 months. No
significant difference in %EWL was found at 24 and
36 months.

One RCT performed by Darabi et al. [25] compared LGCP
to laparoscopic mini-gastric bypass (LMGB) and found no
significant difference in mean %EWL between the two groups
1 year after surgery.

Resolution of Comorbidities (Table 4)

Eighteen studies provided postoperative comorbidity out-
comes. Sixteen studies reported resolution and improvement
of type 2 diabetes (T2D) after LGCP. Eleven studies found
that both hypertension and/or hyperlipidemia resolved or im-
proved after LGCP as well [8, 10, 22-25, 31, 37, 38, 41, 43].
Five studies [8, 22, 24, 37, 43] reported resolution and im-
provement of sleep apnea, and 4 studies [8, 25, 38, 43]
showed reduced joint pain after LGCP. Three studies [10,
25, 37] showed that LGCP had a therapeutic effect on irregu-
lar menses, and 2 studies [10, 25] reported improvement or
remission of depression. One study [37] reported complete
remission of nonalcoholic fatty liver disease.

In a cohort of 13 women with severe obesity and T2D,
Bradnova et al. [29] showed statistically significant improve-
ment in fasting hyperglycemia and hyperinsulinemia at 1 and
6 months after LGCP, with improvement in insulin resistance

@ Springer
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Fig. 3 Anterior view before
plication (Talebpour et al. 2012).
Schematic illustration of 4
separation points at each
transverse level of the stomach
which represent the exact sites of
suture bites (A and B in anterior
and C and D in posterior gastric
wall)

Superficial
row sutures

and significant decline of glycated hemoglobin (A1C).
Furthermore, significant improvement in postprandial
triglyceridemia was also noted.

In a prospective non-randomized study that included 52
patients, Buzga et al. [34] reported significant decrease in
serum concentration of glucose, triacylglycerols, leptin, and
AI1C and significant increase in HDL cholesterol levels and
plasma concentrations of ghrelin and adiponectin at 12 months

Fig. 4 Anterior view after
plication (Talebpour et al. 2012).
Schematic illustration of 4
separation points at each
transverse level of the stomach
which represent the exact sites of
suture bites (A and B in anterior
and C and D in posterior gastric
wall)

@ Springer

after LGCP. Another study by Buzga et al. [35] comparing
LGCP to LSG showed statistically significant decrease of
fasting glucose and A1C levels at the 3, 6, 12, and 18-month
follow-ups. Abouzeid et Taha [31] showed significant de-
crease in mean A1C levels after LGCP (6.3+1.6 vs 5.8+
1.2; P=0.0001).

Talebpour et al. [11] performed a prospective study on 60
patients with severe obesity and recently diagnosed T2D and

A1,81,C1&D1

I1cm
I1cm

A2,B2,C2&D2
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reported significant decline in mean Fasting Blood Sugar
(FBS), A1C, total cholesterol, and triglycerides levels as well
as mean blood pressure within the first 6 months after LGCP.
Mean Alc for the entire cohort decreased from 9.8 to 6.5%
during the study, and remission of diabetes was achieved in
92% of patients.

One study by Taha et al. [50] reported little therapeutic
effect of LGCP on T2D with mean AIC level of 7.9% at
12 months postoperatively compared to 7.5% preoperatively,
with all patients continuing their hypoglycemic medication.
Only one study by Dolezalova-Karmanova et al. [13] pub-
lished in 2017 provided longer follow-up of T2D and reported
an improvement rate of 89.7% (52 of 58 patients) at 2 years
and 65.5% (38 of 58 patients) at 5 years after LGCP. The same
authors already reported their early outcomes in 2012 that
showed a significant drop of mean A1C level from 6.4% pre-
operatively to 5.1% at 6 months after LGCP [12].

Operative Time, Length of Hospital Stay, and Cost

Pooled mean operative time was 84 min (range: 48—193 min).
Pooled length of hospital stay was 2.7 days (range: 0.6—
7.2 days). Shen et al. [22] reported significant lower total cost
of LGCP compared to LSG (USD$3358 versus USD$7826
respectively, P<0.001). Chouillard et al. [42] reported that
the average total operating room cost was 1736 euros for
LGCP as compared to 2842 euros for LSG (P <0.001).
None of the included studies focused on additional costs such
as readmission, reoperation, or hospital stay.

Postoperative Complications

There was no mortality reported in the reviewed studies.
Minor complications included nausea, vomiting, sialorrhea,
and gastrointestinal bleeding that resolved within few days
with conservative management. Some cases of prolonged
vomiting needed readmission for treating dehydration and
electrolytes imbalance. Major complications requiring reoper-
ation were reported in 28 series. Gastric outlet obstruction was
described in 14 studies (29 patients; 1.4% of LGCP) and was
managed by plication revision (reversal with or without sec-
ondary plication) or conservatively by endoscopic dilatation.
Acute or late gastric prolapse between plication sutures was
reported in 10 studies (48 patients; 2.3% of LGCP). These
cases were managed with reversal and repeat of plication or
fundectomy or conversion to sleeve gastrectomy. Ten of the
selected studies reported gastric perforation and leak in 14
patients (0.7% of LGCP). Skrekas et al. [21] reported one case
of jejunal necrosis with acute abdomen secondary to
portomesenteric thrombosis. Som et al. [52] reported a case
of portal vein thrombosis following LGCP. Almulaifi and
Mohammad [53] reported a case of obstructive jaundice

6 months after LGCP caused by gastric fold herniation into
the duodenum.

Revisional Surgery (Table 5)

Ten reviewed studies reported revisional bariatric surgery fol-
lowing weight regain or weight loss failure in patients with
prior LGCP. The largest series of revisional surgeries was
published by Heidari et al. [15] and included 102 patients
out of a total of 1840 patients who had undergone LGCP from
2000 to 2016. The same group had already reported the first
38 revisional surgeries out of the first 800 patients in their
previous paper. [8] Patients with weight loss failure or weight
regain underwent 5 main redo procedures: re-plication, LSG,
laparoscopic one anastomosis gastric bypass (LOAGB), lapa-
roscopic Roux-en-Y gastric bypass (RYGB), and jejunoileal
bypass. One addition of an adjustable gastric band [24] and
one Scopinaro biliopancreatic diversion [13] were reported.
Albanese et al. [32] performed one fundectomy for upper gas-
tric prolapse found in a patient with loss failure. Six studies
provided information about weight loss outcomes of
revisional surgery with follow-up from 1 to 48 months.

Re-plication for unsatisfactory weight loss or weight regain
was found in 7 studies. Heidari et al. [15] found that the
9%EWL after re-plication ranged from 40.4 to 92.1% with a
follow-up of 3 to 48 months. Re-plication had a greater
%EWL at 6 months of follow-up compared to LOAGB,
RYGB, and jejunoileal bypass (62.1% vs 55.4%; P=0.01)
and at 3, 6, and 12 months of follow-up compared to
LOAGB (40.4% vs 32.4, P=0.0002; and 62.1% vs 51.6%,
P <0.0001; and 74.6% vs 68.2%, P=0.01 respectively).
There was no significant difference in the %EWL among three
surgical procedures in the long term.

Revisional LSG after primary LGCP was found in 5 stud-
ies. The mean EWL after 18 months of follow-up was
61.4% in a study by Zerrweck et al [47] Albanese et al. [32]
showed a decrease of the mean BMI from 38 kg/m” before
revisional surgery to 34 kg/m? 1 month after LSG.

Discussion

In March 2011, the American Society for Metabolic and
Bariatric Surgery (ASMBS) issued a position statement that
gastric plication should be considered investigational because
the quantity and quality of available data were insufficient to
draw definitive conclusions regarding its safety and efficacy
[54]. Since 2011, numerous reports on LGCP have been pub-
lished. In the reviewed studies, despite important variability in
weight loss outcomes, LGCP showed encouraging results in
terms of weight loss with a %EWL pooled mean of 53.4 +
11.6 at 12 months. These results are similar to the First
International Consensus summit for sleeve gastrectomy of

@ Springer
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2007 that showed a %EWL at 12 months 0of47.5+19.5 witha
3 range of 20-100%. Therefore, when considering the initial
= experience and subsequent worldwide evolution of sleeve
gastrectomy, one could argue that the results of LGCP regard-
ing weight loss outcomes can be considered promising.
a However, most of the reviewed comparative studies reported
2’ that significantly higher weight loss rates are observed after
LSG when compared to LGCP, with these findings being

confirmed by 2 recent meta-analyses. [51, 55]
Several reported studies showed that some patient charac-
4 L o teristics, such as preoperative BMI, could be correlated with
=] = % efficacy and weight loss outcomes of LGCP. Abdelbaki et al.
% [28] divided patients who underwent LGCP into 2 subgroups
% based on their preoperative BMI. Subgroup analysis revealed
_ - that patients with lower BMI (BMI <40 kg/m?) had higher
§ f _é %EWL at 1 year when compared to patients with a higher
a g k= BMI (BMI > 40 kg/m?). This same analysis was previously
.E performed in a study by Sterkas et al. [21] revealing signifi-
ﬂé cantly higher overall %EWL for the lower BMI group (BMI
£ < 45 kg/m?) compared to the higher BMI group (BMI > 45 kg/
g m?) (69.8% versus 55.5%). Gudaityte et al. [48] provided data
1 = for 17 patients with a BMI superior to 50 kg/m” and found that
8 % average %EBMIL was lower when compared to 42 patients
~ with BMI < 50 kg/m?, but without statistically significant dif-
lz’ ference after 1, 2, or 3. Heidari et al. [15] found that the weight
% loss failure group (weight loss failure was defined as percent-
% age of excess weight loss < 30% during the first 12 postoper-
oy ative months) had the highest baseline BMI compared to
-Sr, % weight regain cases and regain-prone group. These results
% & suggest that weight loss after LGCP may be decreased, and
a 2 ? weight loss failure rates may be increased in patients with

2 8 higher BML.

;; 'Lgb LGCP has some potential advantages. First, operative cost
% f is reduced compared to other restrictive bariatric procedures,
% Z in particular LSG [41]. LGCP does not require expensive
g E surgical staplers. Furthermore, no significant differences in
é" _E mean hospital stay and mean operative time in comparison
- Q E to LSG were found [22, 42, 43]. In addition, Waldrep et al.
= Qg [56] reported that LGCP may be performed on an outpatient
I § § basis with successful ambulatory discharge of 138 of 141
§ 38 patients and readmission rate of 4%. Second, LGCP can be
2 © g easily reversed or converted to another bariatric procedure, if
g f '§ g P needed. Gudaityte et al. [48] and Haidari et al. [15] performed
% g § g '% re-plication and revision to LOAGB, RYGB, and jejuno-ileal
- = g £ 2 “EB bypass without major perioperative complications more than
- - S " - ;ﬁj o % é % ;f 2 years after primary surgery. Similarly, Skrekas et al. [21]
2 S=Z 8 g g S g g S |<a3 8 reported two cases of plication reversal 3 months after LGCP
Tl oo a@g 28 |88 £ 5 . foracute gastric obstruction. Finally, Talebpour et al. [8] re-
é % a ; E § E 5 % g o :L, % g Z’ % é ported that this technique could be easily reversed in the early
§ g & s g ) § E Tg g f 5 g N ® o postoperative period (6 weeks) before formation of dense ad-
: g g § -'QE’[\)] E g % ; g ;E -g % % 5: ‘q";j E g hesions. However, it should be noted that most of the
=[5 5 2 2 ; 3 :Z g D 28 S g 8 & &  abovementioned studies report early revision after LGCP
S5 28EEESRESIC P S dueto early complications, while data for late LGCP revision
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are scarce. It is therefore extremely important to obtain long-
term data to decide whether LGCP is a useful primary bariatric
procedure, since performing numerous bariatric procedures
could be a major disadvantage in terms of cost and long-
term outcomes for patients. Despite the small number of stud-
ies that evaluated weight loss outcomes after revisional sur-
geries, re-plication seems to have encouraging weight loss
outcomes after weight loss failure or weight regain and it
can be easily performed. [15] In addition, LGCP can be safely
performed in severely obese adolescents with acceptable
weight loss results [57].

LGCP can lead to lipid profile improvement lasting at least
for 1 year [30]. It has the potential to change proteins involved
in lipid metabolism, inflammation, and carbohydrate metabo-
lism [58]. LGCP is associated with several postoperative up-
per gastrointestinal symptoms. Zerrweck et al. [47] reported
high number (38%) of severe de novo symptoms (nausea/sal-
ivation, epigastric pain, gastroesophageal reflux) that led to
reoperation in 11% of patients. Gudaityte et al. [48] reported
new onset of gastroesophageal reflux disease (GERD) symp-
toms in 11 patients (39.3%) up to 3 years after LGCP while
only 7 of 24 patients with typical preoperative GERD symp-
toms continued to have GERD postoperatively. Park and Kim
[37] reported one case of refractory GERD after the first post-
operative year post-LGCP, treated with long-term proton
pump inhibitors.

Our study depicts one of LGCP’s major disadvantages,
which is the lack of surgical technique standardization among
bariatric surgery teams. Controversies still exist regarding su-
turing technique, number of rows, bougie size, and bites
depth. This lack of surgical technique standardization can be
directly related to postoperative complications, weight loss
outcomes, and weight regain. Even if it may seem excessive,
we preferred to describe all aspects of each surgical technique
and report all available data. However, it is extremely hard to
correlate all these different techniques with outcomes, since
most reported studies reveal different practices for each single
aspect of the respective LGCP technique used. It should also
be noted that LGCP cannot eradicate the risk of gastric perfo-
ration or leak. Some surgical teams recommended to avoid
full thickness bites because they could lead to leak when gas-
tric edema occurs postoperatively. Moreover, the distance be-
tween bites has been correlated to occurrence of acute or late
gastric hernia between sutures with subsequent risk of ob-
struction, perforation or failure of weight loss.

This review includes a high number of studies focusing on
LGCP, with numerous prospective series and 5 clinical trials.
In addition, all post-LGCP revisional procedures reported in
the literature after weight loss failure or weight regain are
reviewed for the first time. On the other hand, the present
study has several limitations. First, most of the included stud-
ies enrolled a limited number of patients. Only 10 studies
included more than 100 patients undergoing LGCP. The same

@ Springer

issue should be noted regarding the total number of patients
with gastric prolapse, revision LSG, and re-plication, since 2
of'the studies that reported these outcomes were performed by
the same group and probably include duplicate patients [32,
40]. Third, there is important heterogeneity and variability in
weight loss outcomes across different studies. Finally, there is
lack of long-term follow-up, with only two studies [8, 13]
providing long-term follow-up data for LGCP efficacy.

Conclusions

LGCP seems to be a valuable surgical procedure for the treat-
ment of severe obesity, especially in centers with a low med-
ical budget available. However, a superiority of LSG regard-
ing weight loss is reported by most existing comparative stud-
ies. Additional prospective comparative trials, long-term fol-
low-up results, in addition to the standardization of the proce-
dure are necessary to draw definitive conclusions regarding
the role of LGCP in the management of severe obesity.
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