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Introduction

Laparoscopy-assisted D2 total gastrectomy for 
upper gastric cancer has undergone extensive devel-
opment and gained popularity because of the advan-
tages of minimally invasive surgery, including lower 
intraoperative blood loss, less postoperative pain, 
faster recovery, better cosmetic outcomes, fewer 
complications and more acceptable oncological out-

comes than open gastrectomy [1–4]. However, locore-
gional recurrence often occurs in patients with local 
advanced gastric cancer (AGC), despite an R0 resec-
tion. Several reports have suggested that the dissemi-
nation of cancer cells is the main reason for tumor re-
lapse [5, 6]. Moreover, Xie et al. [7] demonstrated the 
existence of disseminated cancer cells in the mesoga-
strium, termed “metastasis V”, and concluded that 
this phenomenon may be a risk factor for locoregion-
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A b s t r a c t

Introduction: Laparoscopy-assisted radical total gastrectomy is technically demanding. 
Aim: To introduce the “enjoyable space” approach to achieve D2 plus complete mesogastrium excision (CME) and to 
investigate its safety and feasibility.
Material and methods: Between January 2015 and December 2017, 165 patients with primary advanced upper 
gastric cancer underwent laparoscopy-assisted radical total gastrectomy. Among these patients, 81 underwent con-
ventional D2 total gastrectomy (D2 group) and 84 underwent D2 plus CME total gastrectomy (D2 + CME group). 
Clinicopathological characteristics, surgical outcomes and postoperative complications were compared between the 
two groups.
Results: There were no significant differences between the two groups (p > 0.05) in clinicopathological character-
istics. However, the D2 + CME group had a longer mean operative time, lower mean blood loss and slightly higher 
mean number of retrieved lymph nodes (LNs) than the D2 group (p < 0.05 each). The mean time to first flatus, liquid 
diet, and soft diet and the duration of hospital stay were similar between the two groups (p > 0.05 each). No signifi-
cant difference in postoperative complication rates was found between the groups (16.0% vs. 9.5%, p > 0.05). 
Conclusions: The “enjoyable space” approach is an option to achieve D2 + CME, and its safety and feasibility over 
conventional method are confirmed with lower intraoperative blood loss and more harvested LNs.

Key words: gastric cancer, laparoscopic surgery, D2 lymphadenectomy, complete mesogastrium excision, “enjoyable 
space” approach.
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al recurrence. Since en bloc resection of the primary 
lesion and its adjacent tissues is the gold standard 
of radical surgery, conventional D2 total gastrectomy, 
during which lymphadenectomy is performed based 
on the presence of blood vessels in adipose or con-
nective tissues, seems to be unsatisfactory in pre-
venting residual tumor or cancer cell dissemination.

According to previous studies, total mesorectal 
excision or complete mesocolic excision has been 
widely used for colon and rectal cancer, and the on-
cological prognosis is significantly improved [8–10]. 
However, there is another less common procedure to 
treat gastric cancer. Although some surgeons have 
attempted D2 + complete mesogastrium excision 
(CME) or total gastrectomy through the outside bur-
sa, the standard surgical plane and technique for CME 
are still unclear [11, 12]. In contrast to the free part 
of the stomach, the posterior part of the stomach is 
composed of complex anatomical structures, includ-
ing multiple fascias of the perigastric mesogastrium, 
intricate vascular networks and peripheral organs. 
Thus, perigastric mesogastrium separation remains 
a technically challenging aspect of CME, and an ap-
propriate approach is necessary. Our previous study 
has demonstrated the “enjoyable space” (the latent 
intrafascial space between the left Gerota’s fascia 
and the posterior aspect of the lesser peritoneal sac), 
and it might be a novel, minimally invasive space and 
approach, respectively, to achieve CME and provide 
benefit for the dissection of lymph nodes (LNs) no. 10 
and no. 11 [13]. Therefore, we proposed the “enjoy-
able space” approach to separate the whole perigas-
tric mesogastrium following latent intrafascial spac-
es and achieve D2 + CME radical en bloc resection. 

Aim

The aim of this study is to describe the “enjoy-
able space” approach and to investigate its safety 
and feasibility relative to conventional D2 total gas-
trectomy.

Material and methods

Embryological background and surgical 
plane for perigastric mesogastrium 
excision

Early in embryonic development, the stomach is 
covered by mesenteries, consisting of double layers 
of peritoneum, suspended in the middle. The peri-

toneum between the stomach and the posterior ab-
domen wall is called the dorsal mesogastrium (DM), 
in which the pancreas, spleen, and celiac trunk and 
its branches are encapsulated. With the development 
of the embryo, the stomach undergoes a 90-degree 
rotation around the craniocaudal axis, and the DM 
folds downwards and forms two layers (anterior and 
posterior), each with two leaves. The large sac be-
tween the anterior layers and the posterior layers 
is known as the omental bursa. Next, the anterior 
leaf of the posterior layers of the DM, which en-
compasses the pancreas, evolves into the anterior 
pancreatic fascia (APF), whereas the posterior leaf 
of the posterior layers of the DM is fused with the 
primitive transverse mesocolon to form the anterior 
lobe of the transverse mesocolon (ALTM) and with 
the posterior abdominal wall to form the posterior 
peritoneum. The posterior peritoneum covering the 
left kidney is called the left Gerota’s fascia. During 
this evolution, the mesentery fuses closely with the 
mesentery, blood vessels, peripheral organs and pos-
terior abdominal wall to form fusion fascia [14, 15] 
(Figure 1). In addition, the section of mesenteries 
between the stomach and peripheral organs forms 
ligaments: to the transverse colon as the gastrocol-
ic ligament (GCL), to the spleen as the gastrosplenic 
ligament (GSL) and to the celiac trunk and pancreas 
as the gastropancreatic fold (GPF). The fusion fascia 
is widely distributed in the perigastric mesogastrium. 
The intrafascial space within the fusion fascia is a la-
tent avascular zone filled with loose connective tis-
sue. Thus, this space can be used as a potential ana-
tomical plane for perigastric mesogastrium excision.

In this study, we attempted to identify the surgical 
plane along the intrafascial space. The entire surgical 
plane was preliminarily divided into two regions: the 
superior region and the inferior region. Due to the 
presence of the GPF, the superior region was divided 
into two compartments: the superior recess in the 
right, and the splenic recess in the left [16]. For bet-
ter understanding, we divided the surgical plane into 
three parts: the inferior region, the superior recess 
and the splenic recess. The inferior region includes 
the ALTM and the surface of the pancreas, extend-
ing right to the lateral border of the duodenum and 
left to the inferior pole of the spleen. In the superior 
region, the surgical plane followed the surface of the 
common hepatic artery (CHA) and its branches, the 
posterior peritoneum in the superior recess, and the 
left Gerota’s fascia in the splenic recess (Figure 2).
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Patients

A total of 165 patients with advanced upper gas-
tric cancer underwent laparoscopy-assisted radical 
total gastrectomy between January 2015 and De-
cember 2017 and were included in this study. All pa-
tients were subjected to preoperative examination, 
including endoscopic examination and endoscopic 
biopsy specimen analysis, computed tomography 
(CT) scanning, and abdominal ultrasonography (US). 
The patients were divided into two groups based on 
the surgical approaches: the conventional D2 total 
gastrectomy group (D2 group, n = 81) and the D2 
+ CME total gastrectomy group (D2 + CME group,  
n = 84). The clinicopathological characteristics, sur-
gical outcomes and postoperative complications 
were postoperatively collected and analyzed accord-
ing to the surgical video and complete medical re-
cords. To improve accuracy, we measured intraoper-
ative blood loss by estimating the volume of blood 

in the suction container and weighing blood-soaked 
gauze, confirmed the tumor location, and measured 
the maximum diameter immediately after surgery.  
LN grouping was performed according to the Japa-
nese gastric cancer treatment guidelines (ver. 4) [17]. 
The depth of tumor (T), nodal status (N) and tumor 
stage (TNM) were determined according to the 7th 
edition of the American Joint Committee on Cancer 
(AJCC) staging manual [18]. The benefits and risks 
of the procedures were explained in detail to both 
patients and their families, and written informed 
consent was obtained. This study (approval number: 
20080323) was approved by the Ethics Committee 
of the Affiliated Hospital of Putian University.

The inclusion criteria were as follows: preopera-
tive examinations confirming upper gastric cancer; 
tumor depth of T2-T4a; no preoperative evidence of 
enlargement or involvement of LNs or distant me-
tastasis; no simultaneous operation in other organs; 
surgery performed by the same surgeon; and cura-
tive resection (R0) according to the postoperative 
pathological diagnosis.

The exclusion criteria were as follows: prior ab-
dominal surgery or preoperative chemoradiation 
therapy; tumor depth of T1 or T4b; intraoperative 
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Figure 2. Schematic representation of the sur-
gical plane and surgical scope for perigastric 
mesogastrium excision. 1 – superior recess,  
2 – splenic recess, 3 – left Gerota’s fascia, 4 – an- 
terior lobe of the transverse mesocolon, 5 – sur-
face of the pancreas, 6 – portal vein. The dashed 
white line shows the surgical scope for perigas-
tric mesogastrium excision
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Figure 1. Schematic representation of the layers 
of the perigastric mesogastrium and the opera-
tive path. 1 – diaphragm, 2 – liver, 3 – stomach, 
4 – anterior leaf of the anterior layers of the 
greater omentum, 5 – posterior leaf of the an-
terior layers of the greater omentum, 6 – trans-
verse colon, 7 – posterior leaf of the posterior 
layers of the greater omentum, 8 – anterior leaf 
of the posterior layers of the greater omentum, 
9 – pancreas. The dashed red line shows the op-
erative path
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evidence of peritoneal dissemination or distant me-
tastasis; observation of enlargement or involvement 
of perigastric LNs during operation; simultaneous 
operation in other organs; and incomplete patholog-
ical data. Patients with preoperative or intraopera-
tive enlargement or involvement of LNs underwent 
open surgery and were not included in this study.

Surgical technique

Laparoscopic conventional D2 total gastrectomy

The conventional D2 approach for laparoscopic 
total gastrectomy was similar to that reported in 
the literature [19]. The procedure can be briefly de-
scribed as follows: The GCL was divided to free the 
great omentum. In the infrapyloric area, the right 
gastroepiploic vein (RGEV) and the right gastroepip-
loic artery (RGEA) (LN no. 6) were divided at their 
origin. Next, the GPF was exposed, and the left gas-
tric vein (LGV) and the left gastric artery (LGA) (LN 
no. 7) were vascularized and divided. Subsequently, 
LNs along the celiac trunk (LN no. 9) and the CHA 
(LN no. 8a) were removed. In the suprapyloric area, 
the right gastric artery (RGA) (LN no. 5) was vascu-
larized and divided. Along the border of the liver, the 
lesser omentum was dissected, and LNs in the an-
terior region of the hepatoduodenal ligament (HDL) 
(LN no. 12a) were removed. At the superior border 
of the pancreas, the fatty lymphatic tissues along 
splenic vessels (LN no. 11) and around the splenic 
hilum (LN no. 10) were completely removed. The left 
gastroepiploic artery, posterior gastric artery (PGA), 
and all short gastric vessels were divided, and the 
corresponding LNs were removed (LN no. 4sa and 
4sb). Before gastric transaction, the right cardiac 
LNs (LN no. 1) and left cardiac LNs (LN no. 2) were 
dissected en bloc. After the laparoscopic operation, 
an omega-type Roux-en-Y digestive tract reconstruc-
tion was performed using circular staplers.

The “enjoyable space” approach for D2 + CME 
total gastrectomy

Step 1. Separating the inferior region: The GCL 
was routinely divided to locate the ALTM (Photo 1 A). 
The surgical plane was extended along the ALTM to-
ward the right to expose the lateral border of the du-
odenum and toward the left to expose the tail of the 
pancreas and the inferior pole of the spleen (Photos 
1 B and E). Then, the gastrocolic fusional fascia was 
separated to expose and divide the RGEV and the 

RGEA (LN no. 6) at their origin (Photos 1 C and D). 
Subsequently, the APF was gently peeled toward the 
superior border of the pancreas to expose the gas-
troduodenal artery (GDA) and the origin of the LGA 
and splenic artery (SA) (Photo 1 F).

Step 2. Separating the superior recess: The peri-
gastric fascia along the GDA and CHA was separated 
to create room for exposing and dividing the RGA, 
and the anterior region of the HDL was peeled along 
the proper hepatic artery (PHA) (Photos 2 A–D). 
Then, suprapyloric LNs (LN no. 5) and LN no. 12a 
were removed. Separation was continued from the 
CHA upwards to expose the portal vein (PV) (Photo 
2 E). Thus, the main vascular networks within the 
superior recess were exposed and vascularized to 
maintain the integrity of the perigastric fascia. After 
separating the splenic recess, the residual perigas-
tric fascia of the superior recess could be dissected 
from the GPF toward the right to complete the sepa-
ration of the superior recess (Photo 2 F).

Step 3. Separating the splenic recess: The intra-
fascial space of the splenic recess was referred to as 
the “enjoyable space” in our previous study [13]. The 
procedure can be briefly described as follows: The 
entrance: Exposing the origin of the LGA and SA, the 
loose connective tissue within the entrance, defined 
by the LGA on the right side and the SA on the lower 
side, was cut to obtain access to the splenic recess 
and to locate the left Gerota’s fascia (Photo 3 A). Next, 
the dissection was meticulously continued along the 
surface of the left Gerota’s fascia to expand the sur-
gical plane. The lower border: exposing the profile of 
the SA, the membrane-like tissue along the surface of 
the SA was dissected toward the tail of the pancre-
as (Photo 3 B). The left border: pushing the posterior 
gastric wall upward to reveal the incisal margin, the 
surgical plane was continuously extended along the 
surface of the left Gerota’s fascia toward the left to 
fully expose the posterior edge of the middle-upper 
spleen (Photo 3 C). The right border: in the GPF, the 
right crus of the diaphragm (RCD) was denuded from 
the back of the LGA to the right side of the esoph-
ageal hiatus (EH) (Photo 3 D). The upper border: 
pushing the posterior wall of the body and fundus of 
the stomach upward to reveal the upper perigastric 
space, the posterior gastric mesentery was dissect-
ed from the surface of the crura of the diaphragm to 
expose the EH and the gastrophrenic ligament (GPL) 
(Photo 3 E). Last, the celiac trunk (LN no. 9) and the 
LGA (LN no. 7) were completely skeletonized, and the 
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Photo 1. An intraoperative image showing the procedure of separating the inferior region. A – Dividing 
the gastrocolic ligament. B – Locating and extending along the anterior lobe of the transverse mesocolon. 
C – Exposing the right gastroepiploic vein. D – Exposing the right gastroepiploic artery. E – Exposing the tail 
of the pancreas and the inferior pole of the spleen. F – Peeling the anterior pancreatic fascia toward the 
superior border of the pancreas
GCL – gastrocolic ligament, ALTM – anterior lobe of the transverse mesocolon, RGEV – right gastroepiploic vein, RGEA – right gastroepiploic artery, 
GDA – gastroduodenal artery.
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LGA was divided at its root (Photo 3 F). Thus, the sep-
aration of the splenic recess was completed.

Step 4. Dissection of the surrounding mesenteries 
and ligaments: The surrounding mesenteries and the 
GSL were successively pulled up to expose the splen-
ic vessels and its branches. The fatty lymphatic tissue 
around the splenic vessels was dissected along the sur-
face toward the splenic hilum (Photo 4 A). Meanwhile, 
the PGA and left gastroepiploic vessels (LGEVs) (LN no. 
4sb) were divided from their origin (Photo 4 B). Sub-
sequently, the inferior splenic lobar vessels (ISLVs) and 

superior splenic lobar vessels (SSLVs) were gradually 
skeletonized to complete splenic hilar lymphadenecto-
my (Photos 4 C and D). In this procedure, 3–4 branch-
es of the short gastric arteries (SGAs), which originate 
from SSLVs, were divided at their roots. Then, the GPL 
could be easily exposed and cut away (Photo 4 E). At 
the lesser curvature, the HGL was dissected along the 
lower border of the liver, and the LNs around the lesser 
curvature (no. 3) were removed (Photo 4 F). Finally, the 
phrenoesophageal membrane and both vagus nerves 
were divided to fully expose the lower esophagus and 
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Photo 2. An intraoperative image showing the procedure of separating the superior recess. A – Separating 
the perigastric fascia along the gastroduodenal artery. B – Separating the perigastric fascia along the com-
mon hepatic artery. C – Exposing the right gastric artery. D – Peeling the hepatoduodenal ligament from 
the proper hepatic artery. E – Exposing the portal vein. F – Dissecting the residual perigastric fascia of the 
superior recess from the gastropancreatic fold toward the right
GDA – gastroduodenal artery, CHA – common hepatic artery, RGA – right gastric artery, PHA – proper hepatic artery, HDL – hepatoduodenal ligament, 
PV – portal vein, CV – coronary vein, LGA – left gastric artery, RCD – right crus of the diaphragm.
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dissect LNs no. 1 and no. 2. At this point, the “enjoy-
able space” approach was completed.

After the laparoscopic operation, gastric trans-
action and omega-type Roux-en-Y digestive tract 
reconstruction were performed similarly to conven-
tional D2 total gastrectomy.

Statistical analysis

All statistical analyses were performed using SPSS 
version 20 (SPSS Inc., Chicago, IL, USA). Data were re-
ported as the means ± standard deviations (SDs). Un-

paired Student’s t tests, c2 test or Fisher’s exact test 
was used to compare continuous variables and cate-
gorical variables. A p-value of less than 0.05 was con-
sidered statistically significant.

Results
Clinicopathological characteristics  
of included patients

The clinicopathological characteristics of the 165 
patients are listed in Table I. The cohort consisted 
of 137 (83.0%) males and 28 (17.0%) females with 
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Photo 3. An intraoperative image showing the procedure of separating the splenic recess. A – Exposing 
the entrance. B – Locating the left Gerota’s fascia and exposing the splenic vessels. C – Exposing the pos-
terior edge of the middle-upper spleen along the left Gerota’s fascia. D – Denuding the right crus of the 
diaphragm. E – Exposing the esophageal hiatus. F – Skeletonizing the celiac trunk and the left gastric artery
LGA – left gastric artery, CHA – common hepatic artery, SA – splenic artery, SV – splenic vein, EH – esophageal hiatus, RCD – right crus of the dia-
phragm, LCD – left crus of the diaphragm, PHA – proper hepatic artery, GDA – gastroduodenal artery.
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a mean age of 63.1 ±8.9 years (range: 29–80 years). 
The mean body mass index (BMI) was 22.54 ±3.24 kg/
m2 (range: 14.36–34.72 kg/m2), and the tumor size was 
5.1 ±1.5 cm (range: 2.8–11.0 cm). Sex, age, body mass 
index (BMI), tumor location, tumor size, tumor depth 
(pT), lymph node metastasis (pN) and TNM stage did 
not differ between the groups (p > 0.05 each).

Surgical outcomes of the D2 group vs.  
the D2 + CME group

All patients successfully underwent laparoscop-
ic-assisted radical total gastrectomy (with conven-

tional D2 or D2 + CME total gastrectomy). No patient 
required conversion to laparotomy and splenectomy, 
and no operation-related death occurred during the 
perioperative period. For all 165 patients, the mean 
operative time was 230.8 ±28.4 min (range: 160– 
300 min), the mean blood loss was 81.6 ±43.4 ml 
(range: 30–260 ml), and the median number of re-
trieved LNs was 32.0 ±8.2 (range: 19–61) per patient. 
The operative time was significantly prolonged, and 
the mean blood loss was significantly reduced in the 
D2 + CME group (p < 0.05 each). The mean number 
of retrieved LNs was slightly higher in the D2 + CME 
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Photo 4. An intraoperative image showing the procedure of dissection of the surrounding mesenteries and 
ligaments. A – Skeletonizing the splenic artery and dividing the posterior gastric artery. B – Exposing the 
left gastroepiploic vessels. C – Skeletonizing the inferior splenic lobar vessels. D – Skeletonizing the superior 
splenic lobar vessels. E – Dissecting the gastrophrenic ligament. F – Dissecting the hepatogastric ligament
SA – splenic artery, PGA – posterior gastric artery, LGEVs – left gastroepiploic vessels, ISLVs – inferior splenic lobar vessels, SSLVs – superior splenic 
lobar vessels, GPL – gastrophrenic ligament, HGL – hepatogastric ligament.
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group than in the D2 group (p < 0.05). In contrast, 
the mean time to first flatus, liquid diet, and soft 
diet and the duration of hospital stay were similar 
between groups (p > 0.05 each) (Table II).

Postoperative complications of the D2 
group vs. the D2 + CME group

The overall postoperative morbidity rate among 
all patients was 12.7% (21/165). The rates of post-
operative complications were not different between 
the D2 group and the D2 + CME group (16.0% (13/81) 

vs. 9.5% (8/84), p > 0.05) (Table III). We observed four 
cases of pulmonary infection, two cases of paroxys-
mal atrial fibrillation, one case of postoperative delir-
ium, two cases of incision infection, one case of lym-
phatic leakage, one case of abdominal hemorrhage 
with exploratory laparotomy to achieve hemostasis, 
and one case of delayed SA pseudoaneurysm six-
teen days after surgery successfully treated with an 
arterial intervention in the conventional D2 group. In 
contrast, we observed three cases of pulmonary infec-
tion, two cases of paroxysmal atrial fibrillation, one 
case of postoperative delirium, and two cases of inci-
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Table I. Comparisons of clinicopathological characteristics between the groups

Variable D2 group
(n = 81)

D2 + CME group
(n = 84)

P-value

Sex: 0.469

Male 69 68

Female 12 16

Age [years] 63.0 ±9.1 63.1 ±8.8 0.939

BMI [kg/m2] 22.39 ±3.51 22.67 ±2.97 0.585

Tumor location: 0.983

Cardia 55 56

Fundus 2 2

Body 24 26

Tumor size [cm] 5.0 ±1.6 5.1 ±1.5 0.814

Tumor depth (pT): 0.698

pT2 21 25

pT3 41 37

pT4a 19 22

Lymph node metastasis (pN): 0.953

pN0 23 22

pN1 25 29

pN2 23 24

pN3 10 9

TNM stage: 0.960

IB 8 9

IIA 23 26

IIB 16 13

IIIA 15 18

IIIB 15 13

IIIC 4 5

BMI – body mass index.

Table II. Comparisons of surgical outcomes between the groups

Variable D2 group
(n = 81)

D2 + CME group
(n = 84)

P-value

Operation time [min] 223.8 ±28.3 237.4 ±27.1 0.002

Blood loss [ml] 92.2 ±43.3 71.4 ±41.2 0.002

Mean no. of retrieved LNs 30.7 ±7.6 33.2 ±8.4 0.043

Time to first flatus [days] 3.3 ±0.8 3.3 ±0.7 0.991

Time to liquid diet [days] 4.4 ±0.7 4.5 ±0.7 0.776

Time to soft diet [days] 7.1 ±0.7 7.0 ±0.6 0.636

Hospital stay [days] 10.4 ±1.4 10.0 ±1.8 0.107
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sion infection in the D2 + CME group. All patients with 
postoperative complications were successfully treat-
ed and discharged. Both intraoperative and postoper-
ative 30-day mortality rates for all patients were 0%.

Follow-up

Of all the 165 patients, 160 (96.9%) patients 
were followed up from 12 to 48 months (median: 
29 months), including 78 patients (96.3%, median: 
38 months, range: 30–48 months) in the D2 group 
and 82 patients (97.6%, median: 20 months, range: 
12–30 months) in the D2 + CME group. Forty-four 
patients died of advanced tumors, including 23 pa-
tients in the D2 group and 11 patients in the D2 + 
CME group, during the follow-up period.

Discussion

D2 lymphadenectomy has become globally ac-
cepted as the standard surgical procedure for cur-
able AGC, with increasing studies of long-term onco-
logical outcomes in eastern and western countries 
[20–22]. However, whether CME can contribute to 
LN dissection and benefit patients with AGC remains 
uncertain. Our study suggested that the “enjoyable 
space” approach may be an optional procedure to 
achieve CME, improve the quality of surgery and in-
crease the number of harvested LNs.

The “enjoyable space” approach is a complicated, 
technique-dependent and time-consuming proce-
dure that improves short-term outcomes. Our data 
showed that the mean blood loss in the D2 + CME 
group was significantly lower than that in the D2 
group (71.4 ±41.2 ml vs. 92.2 ±43.3 ml, p < 0.05) and 
that the mean number of retrieved LNs was slightly 
higher in the D2 + CME group than in the D2 group 

(33.2 ±8.4 vs. 30.7 ±7.6, p < 0.05). Several factors 
may be associated with these results. First, because 
the intrafascial space is a latent avascular zone filled 
with loose connective tissue, it not only is conve-
nient to expand during the operation but also rarely 
causes unexpected hemorrhage. Second, the entire 
procedure can be continuously performed along the 
surgical plane out of the omental bursa, and the per-
igastric mesogastrium can be dissected en bloc. In 
contrast to conventional D2 lymphadenectomy, in 
CME, the supporting vascular and lymphatic systems 
of the posterior wall of the stomach can be maximal-
ly excised. Moreover, the blood vessels can be com-
fortably exposed at different levels for dissecting LNs 
after separating the perigastric intrafascial space. 
These factors can contribute to increase the number 
of harvested LNs. Finally, in this study, all operations 
were performed by the same experienced surgeon, 
ensuring both operational stability and data compa-
rability. However, due to the complicated anatomical 
structure of the perigastric mesogastrium, the sep-
aration of the superior recess and splenic recess is 
technically demanding, and surgical landmarks and 
procedural separation techniques are necessary for 
smooth operation. In the superior recess, the blood 
vessels play an important role as surgical landmarks. 
We first peeled the perigastric fascia from the sur-
face of the GDA and CHA to create room to expose 
the PHA and RGA. Subsequently, the perigastric fas-
cia was continuously separated upward to skeleton-
ize the PHA and expose the PV. Then, the perigastric 
fascia of the superior recess could be easily separat-
ed from the posterior peritoneum. In this manner, 
it was beneficial not only to dissect LNs no. 8 and 
no. 12 but also to maintain the integrity of the peri-
gastric mesogastrium. In the splenic recess, the left 

Table III. Comparisons of postoperative complications between the groups

Variable D2 group
(n = 81)

D2 + CME group
(n = 84)

P-value

Pulmonary infection 6 5

Paroxysmal atrial fibrillation 2 2

Postoperative delirium 2 1

Lymphatic leakage 1 0

Abdominal hemorrhage 1 0

Splenic artery pseudoaneurysm 1 0

Total postoperative complication 13 8 0.209
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Gerota’s fascia is a good continuous surgical plane, 
and the origin of the LGA and SA can be identified 
as a reference mark of the starting point to obtain 
access to the splenic recess. The “enjoyable space” 
can be smoothly extended for complete hollowing 
of the perigastric space, which may provide more 
room and a better view for subsequent splenic hi-
lar lymphadenectomy. Nevertheless, because of the 
obviously complicated procedure of the “enjoyable 
space” approach, the mean operative time of the D2 
+ CME group was correspondingly prolonged (237.4 
±27.1 min vs. 223.8 ±28.3 min).

The assessment of postoperative complications 
is necessary for evaluating a  novel technique. In 
our study, the overall postoperative morbidity was 
12.7%, which was consistent with that in the rele-
vant literature [23–27]. Some similar studies on CME 
have suggested that bursectomy does not increase 
the risk of postoperative morbidity [23, 28]. Accord-
ingly, our data showed that although the postoper-
ative complication rate in the D2 + CME group was 
slightly lower than that in the D2 group (9.5% (8/84) 
vs. 16.0% (13/81)), there was no significant differ-
ence between the two groups, suggesting that the 
“enjoyable space” approach was safe and did not 
increase the postoperative complication rate.

There are several limitations in this study. First, it 
was a single center retrospective study that lacked 
randomized large-scale controlled clinical trials. Sec-
ond, due to the insufficient follow-up period, the 
long-term oncological prognosis has not yet been 
assessed. Last, cases with prior abdominal surgery 
and preoperative chemoradiation therapy were not 
included in this study. Therefore, the range of appli-
cation of this technique is not sufficient.

Conclusions

The “enjoyable space” approach has a  longer 
operative time, lower intraoperative blood loss, 
and a slightly higher number of harvested LNs than 
the conventional method. Therefore, this approach 
might be safe and feasible to achieve D2 + CME. 
However, randomized large-scale controlled clinical 
trials are needed to validate the data and to evalu-
ate the long-term oncological efficacy.

Acknowledgments

The authors are thankful to Li-sang Fu for collect-
ing patients’ follow-up data.

This study was sponsored by the Key Project 
of Science and Technology Plan (Natural Science 
Foundation) of Fujian Province, China (grant num-
ber: 2018J01193) and the Campus Scientific Re-
search Projects of Putian University (grant number: 
2017041).

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Haverkamp L, Weijs TJ, van der Sluis PC, et al. Laparoscopic 

total gastrectomy versus open total gastrectomy for cancer: 

a systematic review and meta-analysis. Surg Endosc 2013; 27: 

1509-20.

2.	 Lin JX, Huang CM, Zheng CH, et al. Surgical outcomes of 2041 

consecutive laparoscopic gastrectomy procedures for gastric 

cancer: a  large-scale case control study. PLoS One 2015; 10: 

e0114948.

3.	 Huh YJ, Lee JH. The advances of laparoscopic gastrectomy for 

gastric cancer. Gastroenterol Res Pract 2017; 2017: 9278469.

4.	Hao Y, Yu P, Qian F, et al. Comparison of laparoscopy-assisted 

and open radical gastrectomy for advanced gastric cancer: 

a  retrospective study in a  single minimally invasive surgery 

center. Medicine (Baltimore) 2016; 95: e3936.

5.	 Timar J, Csuka O, Orosz Z, et al. Molecular pathology of tumor 

metastasis. I. Predictive pathology. Pathol Oncol Res 2001; 7: 

217-30.

6.	Hagiwara A, Takahashi T, Sawai K, et al. Milky spots as the im-

plantation site for malignant cells in peritoneal dissemination 

in mice. Cancer Res 1993; 53: 687-92.

7.	 Xie D, Liu L, Osaiweran H, et al. Detection and characterization 

of metastatic cancer cells in the mesogastrium of gastric can-

cer patients. PLoS One 2015; 10: e0142970.

8.	 van der Pas MH, Haglind E, Cuesta MA, et al. Laparoscopic versus 

open surgery for rectal cancer (COLOR II): short-term outcomes 

of a randomised, phase 3 trial. Lancet Oncol 2013; 14: 210-8.

9.	Bonjer HJ, Deijen CL, Abis GA, et al. A randomized trial of lap-

aroscopic versus open surgery for rectal cancer. N Engl J Med 

2015; 372: 1324-32.

10.	 Storli KE, Eide GE. Laparoscopic complete mesocolic excision 

versus open complete mesocolic excision for transverse colon 

cancer: long-term survival results of a prospective single centre 

non-randomized study. Dig Surg 2016; 33: 114-20.

11.	 Xie D, Yu C, Liu L, et al. Short-term outcomes of laparoscopic D2 

lymphadenectomy with complete mesogastrium excision for 

advanced gastric cancer. Surg Endosc 2016; 30: 5138-9.

12.	 Zou L, Xiong W, Mo D, et al. Totally laparoscopic complete bur-

sectomy and D2 lymphadenectomy in radical total gastrecto-

my: an outside bursa omentalis approach. Surg Endosc 2016; 

30: 4152.

13.	 Zheng CY, Dong ZY, Qiu XT, et al. Laparoscopic perigastric me-

sogastrium excision technique for radical total gastrectomy. 

Videosurgery Miniinv 2019; 14: 229-36.



Laparoscopic D2 plus complete mesogastrium excision using the “enjoyable space” approach versus conventional D2 total gastrectomy  
for local advanced gastric cancer: short-term outcomes

69Videosurgery and Other Miniinvasive Techniques 1, March/2020

14.	 Moore KL, Persaud TVN, Torchia MG. The Developing Human: 
Clinically Oriented Embryology. Saunders/Elsevier, Philadelphia 
2008.

15.	 Borghi F, Gattolin A, Bogliatto F, et al. Relationships between 
gastric development and anatomic bases of radical surgery for 
cancer. World J Surg 2002; 26: 1139-44.

16.	 Brenkman HJF, van der Wielen NI, Ruurda JP, et al. Surgical anat-
omy of the omental bursa and the stomach based on a min-
imally invasive approach: different approaches and technical 
steps to resection and lymphadenectomy. J Thorac Dis 2017; 
9: S809-16.

17.	 Japanese Gastric Cancer Association: Japanese gastric cancer 
treatment guidelines 2014 (ver. 4). Gastric Cancer 2017; 20: 
1-19.

18.	 Washington K. 7th edition of the AJCC cancer staging manual: 
stomach. Ann Surg Oncol 2010; 17: 3077-9.

19.	 Chen QY, Huang CM, Lin JX, et al. Laparoscopy-assisted versus 
open D2 radical gastrectomy for advanced gastric cancer with-
out serosal invasion: a case control study. World J Surg Oncol 
2012; 10: 248.

20.	Songun I, Putter H, Kranenbarg EM, et al. Surgical treatment 
of gastric cancer: 15-year follow-up results of the randomised 
nationwide Dutch D1D2 trial. Lancet Oncol 2010; 11: 439-49.

21.	 Shirong C, Jianhui C, Chuangqi C, et al. Survival of proper he-
patic artery lymph node metastasis in patients with gastric 
cancer: implications for D2 lymphadenectomy. PLoS One 2015; 
10: e0118953.

22.	 Degiuli M, de Manzoni G, di Leo A, et al. Gastric cancer: current 
status of lymph node dissection. World J Gastroenterol 2016; 
22: 2875-93.

23.	 Terashima M, Doki Y, Kurokawa Y, et al. Primary results of 
a phase III trial to evaluate bursectomy for patients with subse-
rosal/serosal gastric cancer (JCOG1001). J Clin Oncol 2017; 35: 5.

24.	 Kelly KJ, Selby L, Chou JF, et al. Laparoscopic versus open gas-
trectomy for gastric adenocarcinoma in the west: a case-con-
trol study. Ann Surg Oncol 2015; 22: 3590-96.

25.	 Gong CS, Kim BS, Kim HS. Comparison of totally laparoscopic 
total gastrectomy using an endoscopic linear stapler with lap-
aroscopic-assisted total gastrectomy using a circular stapler in 
patients with gastric cancer: a single-center experience. World 
J Gastroenterol 2017; 23: 8553-61.

26.	Kitagami H, Morimoto M, Nakamura K, et al. Technique of 
Roux-en-Y reconstruction using overlap method after laparo-
scopic total gastrectomy for gastric cancer: 100 consecutively 
successful cases. Surg Endosc 2016; 30: 4086-91.

27.	 Song JH, Choi YY, An JY, et al. Short-term outcomes of laparo-
scopic total gastrectomy performed by a  single surgeon ex-
perienced in open gastrectomy: review of initial experience.  
J Gastric Cancer 2015; 15: 159-66.

28.	 Nie RC, Yuan SQ, Chen S, et al. Bursectomy for advanced gastric 
cancer: an update meta-analysis. World J Surg Oncol 2018; 16: 
66.

Received: 24.04.2019, accepted: 6.05.2019.


	_GoBack
	_Hlk5964141
	OLE_LINK114
	OLE_LINK115

