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Abstract

Background: Surgery, with the aid of chemotherapy and radiotherapy, is the only curative chance for gastric
cancer. Unfortunately, gastric cancer had an elevated recurrence rate, primarily locally. Mesogastrium excision
(MGE) during D2 lymphadenectomy has the aim to remove all possible contaminated tissue around the
stomach.
Methods: PubMed, EMBASE, and the Web of Science (WOS) were systematically searched for MGE reports
in gastric cancer up to March 2020. The outcome reported were the number of lymph nodes retrieved, operative
time (OT), overall morbidity, intra- and postoperative complications, conversion rate, and length of hospital
stay.
Results: A total of six studies, including 518 patients, were considered eligible for this analysis. All the studies
reported laparoscopic cases. The mean number of lymph nodes retrieved was 36.7 – 10.1. Mean OT was
240.7 – 10.1 minutes. One case of conversion is reported. Overall morbidity was 6%. Medium estimated blood
loss was 50.2 – 39.6 mL. Overall length of stay was 10.7 – 0.7 days. Mean follow-up was 11 – 1.4 months.
Conclusions: Only few studies evaluated this item, and according to the available evidence, MGE is a feasible
technique that could be performed, also laparoscopically, in all surgical resections for gastric cancer with
curative intent. Further studies are essential to establish the clear indication of this invasive procedure.
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Introduction

Gastric cancer is a common gastrointestinal neoplasia,
representing the third cause of death for cancer world-

wide.1 Epidemiological diffusion shows a high prevalence in
Asian countries, with 42.6% of all cases reported in China,1

and differences in epidemiological, histopathological, tumor
location, diagnostic, and treatment strategy are evident be-
tween East and West countries.1

Common risk factors for gastric cancer developments are
represented by helicobacter pylori infection, diet rich in salt,
cigarette smoke, and genetic susceptibility.

When resettable, the only curative treatment option is
gastric resection with lymphadenectomy, being chemother-
apy and radiotherapy useful only to improve overall survival.

As known, local recurrence is the main reason for death
after surgery. Therefore, it is thought to improve local lym-
phadenectomy associated with mesenterial tissue removal, as
already used in mesocolon or mesorectal excision, perform-

ing the mesogastrium excision (MGE). Early reports and
small case series on this topic seem to give promising out-
comes, but the absence of standardization in surgical tech-
niques and the lack of clear evidence preclude its use
routinely. The application of this approach during laparo-
scopic gastric resections represents a further challenge. As
in colorectal surgery the development of total mesorectal
excision and complete mesocolic excision (CME) identify
the gold standard in the surgical treatment of colorectal
cancer, this study want to open the debate for a standardi-
zation of gastric lymphadenectomy and mesogastric excision
for gastric cancer reviewing the available evidences.

Materials and Methods

We performed a systematic review of published articles
according to Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) guidelines2 to identify
all studies dealing with lymphadenectomy with mesogastric
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excision during laparoscopic surgery for gastric cancer.
PubMed, Embase, Central, and Web of Science elec-
tronic databases3 were consulted using a combination of the
following search words: ‘‘mesogastric excision’’ or ‘‘total
mesogastric excision’’ or ‘‘mesogastrium.’’ All the au-
thors performed an independent literature screening up to
March 2020.

All articles regarding the mesogastric excision during
surgery for gastric cancer were considered appropriate. Full-
text articles considered for inclusion were appraised and the
relative references were searched to find further eligible ar-
ticles. All types of articles in English language involving
adult patients and about surgery performed in an elective
setting entered the analysis. Articles that analyzed only
pathological specimens were thus excluded.

Operative outcomes are identified as type of gastrectomy
(total or partial), the type of lymphadenectomy (D1 or D2),
mean operative time (OT, expressed in minutes), the medium
estimated blood loss (EBL, expressed in mL), the rate of
conversion from laparoscopic to laparotomy procedures, and
the rate of reintervention.

Postoperative outcomes are reported as postoperative
complications (PC) rate, the length of stay (LOS, expressed in
days), the length of the follow-up (expressed in months), and
the potential recurrences.

Statistical analysis

We presented data in descriptive statistics.
Our data were analyzed with Microsoft Excel (Microsoft

365) and the SPSS v20.00 software were used when needed
(SPSS, Inc., Chicago, IL, USA). All results are expressed as
the mean – standard deviation, or as frequencies. Differences
with a-level of <0.05 were considered statistically significant.

Results

Studies selection and quality assessment

The first database analysis provided 133 results. After the
evaluation of abstracts, full texts, and references, six studies,
including a total of 518 patients, met the inclusion criteria and
were considered in this study (Table 1).

Characteristics of studies

All4–9 studies were from Asia, in particular four from
China,4–7 and two from Japan.8,9 Three studies were video
reports,4,6,9 and three5,7,8 reported the initial results of gas-
trectomy with MGE. The indication for surgery in all studies
was the elective treatment of gastric cancer.

The MGE is named ‘‘complete mesogastrium excision’’
in three studies,4–6 ‘‘systematic mesogastric excision’’ in
two studies,8,9 and in one study ‘‘perigastric mesogastrium
excision.’’7

Data regarding patients’ gender are reported in four stud-
ies5–8: 310 (67.7%) men and 148 (32.3%) women are en-
rolled. Age was indicated in four studies5–8 representative for
458 patients, medium age ranged between 55 and 66 years,
with medium value of 61.6 (– 4.7) years. Details on body
mass index (BMI) were available for 413 patients from three
studies,6–8 and mean BMI is 22.7 (– 0.4) kg/m2, varying
between 22.3 and 23 kg/m2.

Operative findings. All surgical procedures were lapa-
roscopic total or partial gastrectomy associated with D18

or D24–7,9 lymphadenectomy and MGE. Mean OT was 240.7
(– 68.9) minutes ranging from 127.8 and 303 minutes; OT
data resulted in five studies.4–8 Five studies4–8 indicated
medium EBL in 50.2 (– 39.6) mL (range 12.4–107.1 mL).
Only5 one case of intraoperative bleeding was detected that
led to conversion in laparotomic procedure. No cases of re-
intervention were noted.

The total number of lymph nodes retrieved were presented
in five studies4–8 for a total of 512 patients: the mean node
collected has been 36.7 (– 10.1) ranging from 31 and 65.

Postoperative findings. PC were reported in four stud-
ies4–7 and in 31 cases with a 10.9% rate (Table 2 summarized).
LOS after surgery was also assessed 10.7 – 0.7 days (data from
four studies).4–7 Two studies6,7 reported in 11 – 1.4 months the
mean follow-up; Zheng et al.7 indicated an hepatic metastasis
developed after 11 months from surgery (Table 2).

Discussion

Surgery is crucial in the treatment of gastric cancer, and in
most cases represents the only curative treatment option.

En bloc removal of primary neoplasia associated with
D2 lymphadenectomy is considered, in the current Inter-
national guidelines, the goal in gastric cancer surgical and
oncological therapy.1,10–13

Unfortunately local recurrence rate in advanced stage of
gastric cancer is about 75%–80% after 2 years from gas-
trectomy with D2 lymphadenectomy14: the reasons of this
evidence has to be searched in the prevalence of neoplastic
cells, or nodules, in the mesenterial tissue around the stomach
that are not removed during standard surgery. This situation
is named the ‘‘fifth route’’ of metastasis dispersal, after the

Table 1. Characteristics of Study Selected

N Refs. M, n F, n Tot, n Age, years (SD) Node, n (SD)

1 Xie et al.4 — — 54 — 35 (10.7)
2 Shen et al.5 29 16 45 62 (12.3) 35.3 (13.1)
3 Cao et al.6 67 40 107 55 (3.4) 31 (4.6)
4 Kumamoto et al.8 151 76 227 66 (9.5a) 54 (24.2a)
5 Zheng et al.7 63 16 79 63.2 (9.3) 28.1 (10.8)
6 Kumamoto et al.9 — — 6 — —

aSD calculated from minimum and maximum range.18

SD, standard deviation.
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direct, lymphatic, hematogenic, and peritoneal dissemina-
tion.14 A possible explanation is that all gastric surface is
surrounded by a fascia, embryonary residual of gastric mes-
entery, except from a small area: when neoplasm deeply in-
vaded the gastric wall in this zone, some neoplastic cells
seems to fall in the gastric mesenteries.14 From these con-
siderations, and in the same manner then for mesorectal
and mesocolic excision, was born the idea to remove the
mesenterial tissues around the stomach, reducing the chance of
neoplastic local recurrence: this procedure was named MGE.

In gastric surgery is not possible to perform a complete
excision of the mesenteries as, instead, occurs in colorectal
surgery with the mesocolon and mesorectum: the pancreas
and the celiac trunk, in fact, must be preserved.

The indications11 to complete the D2 lymphadenectomy
with MGE are strict: the dissection of mesenteric root (station
14v) is suggested in stage III with cancer located in the
middle-lower part of stomach or when are individuated
metastatic lymph nodes; splenic dissection extension is re-
commended when cancer dimension >6 cm, in T3–T4 cancer,
when is involved the greater curvature and the middle-upper
section of the stomach.

International guidelines1,11–14 on gastric cancer reported the
minimal number of removal lymph nodes as 16, and the optimal
up to 25. In our series, we reported a mean of 36.7 (– 10.1)
lymph nodes retrieved, largely superior to the optimal number
recommended: this evidence seems to be due to the surgeon’s
skills and expertise. MGE, in fact, does not augment the number
of lymph nodes retrieved respect D2 lymphadenectomy, but
rather the concept to remove lymph nodes and the surrounding
adipose tissue as an intact package.

However, even the great number of lymph nodes retrieved
with MGE, results on overall and long-term survival in pa-
tients undergoing MGE are not yet reported in literature, and
the mean follow-up of 11 – 1.4 months is too short.

We observed an intraoperative complications rate of 0.2%,
with one case of intraoperative bleeding: we thought that
intraoperative vascular lesions during surgery are due to the
need of sharp vascular dissection, and are the main cause of

conversion from laparoscopic to open procedures. Further-
more, we believed that the magnification of the images of a
restricted operative field, during these laparoscopy proce-
dures, is a valid help to reduce iatrogenic lesions, and permits
a better identification of the embryonary layers. In this sense
laparoscopy approach could play a crucial role in the exe-
cution of a radical excision.15,16

The PC rate was 10.9% (Fig. 1), being pulmonary in-
fection the most common complication (Table 2). Pul-
monary complications represent one of the most frequent
causes of postoperative morbidity during upper gastroin-
testinal surgery with a range of 1.1% and 12.3%.17 The
reasons of this findings are principally due to diaphrag-
matic irritation during lymphadenectomy, to the protracted
inhibition of respiratory and cough centers during anes-
thesia, and to the limited diaphragmatic mobility for the
postoperative pain.17,18 Furthermore, the removal of lower
esophageal sphincter during total gastrectomy allows the
translocation of intestinal material in the esophagus, in-
creasing the risk of aspiration.19

Some limitations exist in our study: no data from ran-
domized clinical trials on this topic are available yet; results
reported came only from Asian population; a little number
of studies are nowadays available.

Conclusions

In summary, international guidelines1,11–14 for gastric can-
cer treatment recommended standard D2 lymphadenectomy.
However, in case of high risk of local recurrence, or when the
involvement of distal lymph nodes is suspected, an MGE is
proposed, also laparoscopically, to improve the outcomes.

MGE is a feasible technique that could be performed in all
surgical resections for gastric cancer with curative intent.
The superiority over standard lymphadenectomy in terms
of overall survival is still unclear. Further studies, better if
comparative, are necessary to define this lymphadenectomy
technique as a gold standard in surgical oncology.

Table 2. Operative Findings

OT, mean – SD 240.7 – 10.1 minutes
EBL, mean – SD 50.2 – 39.6 mL
IO complication, n (%) 1 (0.2)
PO complication, n (%) 31 (10.9)
Pulmonary infection 18 (58.1)
Abdominal infection 1 (3.2)
Anastomotic bleeding 1 (3.2)
Anastomotic leak 1 (3.2)
Intestinal obstruction 2 (6.5)
Deep venous thrombosis 1 (3.2)
Gastric stasis 1 (3.2)
Acute kidney failure 1 (3.2)
Postoperative delirium 2 (6.5)
Paroxysmal atrial fibrillation 2 (6.5)
Chilous fistula 1 (3.2)
Conversion, n (%) 1 (0.2)
LOS, mean – SD 10.7 – 0.7 days
Follow up, mean – SD 11 – 1.4 months

EBL, estimated blood loss; IO, intraoperative; OT, operative
time; PO, postoperative.
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FIG. 1. Postoperative complications.
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