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Abstract

Introductions: Gastrectomy, which is the standard surgical procedure for gastric cancer, has
gradually come to be performed laparoscopically. Laparoscopic distal gastrectomy (LDG) has been
adopted gradually and performed for advanced gastric cancer. However, laparoscopic total ga-
strectomy (LTG) has not been as widely accepted as LDG due to technical difficulties, especially
with reconstruction and proper D2 lymphadenectomy. The purpose of the current study was to
determine the utility of TLTG with concomitant splenectomy and D2 lymphadenectomy (TLTGS)
for advanced gastric cancer (AGC). Materials and Methods: Between January 2006 and May 2014,
10 consecutive patients who underwent TLTGS for AGC and 76 patients who underwent TLTG with
D1 lymphadenectomy were included in this study. These two groups were compared in terms of
perioperative results, with assessment of intraoperative and postoperative outcomes. Results:
There were no significant differences in patients’ characteristics between the two groups. Opera-
tive time was longer in the TLTGS group than in the TLTG group. However, the rate of patients
with postoperative complications including major complications was not different between the
groups, and no patient in the TLTGS group had anastomotic leakage or pancreatic fistula. Conclu-
sions: In the short-term, TLTGS had good postoperative outcomes and was useful and acceptable
for AGC.
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1. Introduction

Gastric cancer is one of the most common malignancies worldwide [1], and surgery offers the greatest chance of
cure. Recently, gastrectomy, which is the standard surgical procedure for gastric cancer, has gradually come to
be performed laparoscopically.

In 1994, the first report of laparoscopy-assisted distal gastrectomy (LDG) for early gastric cancer was pub-
lished [2]. After that, many studies reported that LDG is not inferior to open gastrectomy in patients with early
gastric cancer [3] [4]. Furthermore, with development of devices and surgical techniques, LDG has gradually
gained popularity and been performed for advanced gastric cancer (AGC).

Although laparoscopic total gastrectomy (LTG) for gastric cancer was first reported in 1999 [5], LTG has not
been as widely accepted as LDG. The reasons for this are technical difficulties, especially with reconstruction
and proper D2 lymphadenectomy. Recently, some reports have described surgical procedures for reconstruction
during LTG. Some procedures for intracorporeal esophagojejunostomy in totally laparoscopic total gastrectomy
(TLTG) have also been reported, and the outcomes of these procedures were acceptable [6] [7]. For D2 lym-
phadenectomy, most reports have used a laparoscopy-assisted procedure. There have been few reports of D2
lymphadenectomy in TLTG. One report showed that, in TLTG, more advanced gastric cancer was associated
with higher postoperative morbidity [8]. Evaluation of the safety and feasibility of D2 lymphadenectomy during
TLTG would lead to wide acceptance of TLTG for advanced gastric cancer.

We have performed TLTG with concomitant splenectomy and D2 lymphadenectomy (TLTGS) for AGC in 10
patients since January 2006. To the best of our knowledge, there have been few reports about TLTGS. Therefore,
in this study, the outcome of TLTGS for AGC was retrospectively investigated to clarify its utility.

2. Materials and Methods
2.1. Patients

Between January 2006 and May 2014, 10 consecutive patients underwent TLTGS for AGC and 76 patients un-
derwent TLTG with D1 lymphadenectomy at Hokkaido University Hospital which is high volume center had
about 10,000 admissions per year and were included in this study. The eligibility criterion for TLTG with D1
lymphadenectomy was clinical stage 1A or IB gastric cancer that was preoperatively diagnosed by endoscopy,
computed tomography, and endoscopic ultrasound according to the Japanese Classification of Gastric Carcino-
ma established by the Japanese Research Society for Gastric Cancer [9]. D2 lymphadenectomy was performed
for patients with over clinical stage 1A gastric cancer. All patients were subjected to two groups according to
these criteria. Two of the ten patients with TLTGS underwent neoadjuvant chemotherapy. All patients provided
their written, informed consent prior to surgery. This study was approved by the institutional Ethics Committee
of Hokkaido University Hospital. Specimens were also evaluated according to the Japanese Classification of
Gastric Carcinoma established by the Japanese Research Society for Gastric Cancer.

2.2. Surgical Procedure

Each patient was placed in the supine reverse Trendelenburg position with legs apart, under general anesthesia.
Five trocars (Exel; Echicon Endo-Surgery, Cincinnati, OH, USA) were used, and a 12-mm paraumbilical port
was subsequently extended to 3.0 cm when pulling out the specimen. After carbon dioxide pneumoperitoneum
was achieved at a pressure of 10 mmHg, an electrolaparoscope (WA50013, Olympus Medical Systems, Tokyo,
Japan) was introduced through this port, and four other trocars (three 12-mm and one 5-mm ports) were placed
as shown in Figure 1. Laparoscopic coagulation shears (SONOSURG-X; Olympus Medical Systems or Har-
monic Ace; Echicon Endo-Surgery) were used for lymph node dissection and coagulating vessels. The basic ex-
tent of lymph node dissection was D1, but in patients with clinical N1, it was D2 with splenectomy, and both
were performed with TLTG.

Intracorporeal reconstruction was done by a functional end-to-end esophagojejunostomy in all patients. The
detailed procedure was reported previously [7].

2.3. Clinicopathological Findings

Information about the patients, including sex, age, body mass index (BMI), and perioperative data, including
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Figure 1. Positions of the surgical ports. Four 12-mm trocars
are placed in the paraumbilical, bilateral abdominal, and epi-
gastric regions. One 5-mm trocar is placed in the left hypo-
chondrial area.

operation time, blood loss, number of lymph nodes dissected, pathological findings, and perioperative complica-
tions, was retrospectively collected from the medical and anesthesia records. Complications were classified ac-
cording to the revised version of the Clavien-Dindo classification suggested by Dindo et al. [10].

2.4. Statistical Analysis

Quantitative data are expressed as medians and ranges. The differences in the data between groups were com-
pared using the y*test, Fisher’s exact probability test, or the Mann-Whitney U test. P < 0.05 was considered sig-
nificant. All analyses were performed using JMP® 10 software.

3. Results

Table 1 shows the patients’ characteristic and pathologic features of the two groups (TLTGS (D2) group and
TLTG (D1) group). There were 6 male and 4 female patients in the TLTGS group, and 53 male and 23 female
patients in the TLTG group. The median age of these groups was 64 years (range, 40 - 74 years) and 66 years
(range, 30 - 88 years), respectively. The median body mass index (BMI) was 21.0 kg/m? (range, 16.0 - 34.2
kg/m?) in the TLTGS group and 23.0 kg/m? (range, 15.2 - 34.6 kg/m?) in the TLTG group. There were no sig-
nificant differences between the two groups in sex, age, and BMI. The ASA classification of the patients and the
tumor locations of the patients were not significantly different between the two groups. The median number of
dissected lymph nodes was 53 (range, 23 - 97) in the TLTGS group and 29 (range, 3-81) in the TLTG group; it
was significantly larger in the TLTGS group than in the TLTG group (P = 0.019). The rate of patients with
lymph node metastases was also significantly larger in the TLTGS group than in the TLTG group (P = 0.011).
For the histological type of cancer, there was a tendency for a lower degree of differentiation in the TLTGS
group. For pathological stage, more than half of the patients in the TLTG group were diagnosed with stage IA or
IB, but few patients were diagnosed with stage IA or IB, and almost all patients were diagnosed with over stage
1A in the TLTGS group. The patients in the TLTGS group had significantly more advanced disease than those
in the TLTG group.

The patients’ perioperative data are shown in Table 2. The median operation time was 393 min (range, 294 -
762 min) in the TLTGS group and 258 min (range, 137 - 430 min) in the TLTG group (P < 0.001). However,
there was no significant difference in blood loss between the two groups, which was 100 mL (range, 0 - 370 mL)
in the TLTGS group and 50 mL (range, 0 - 909 mL) in the TLTG group. For the postoperative course, there was
no significant difference in the time to first flatus between the two groups, but the time to first soft diet was sig-
nificantly shorter in the TLTGS group than in the TLTG group (P = 0.008). There were 2 patients (20%) in the
TLTGS group and 13 patients (17.1%) in the TLTG group with postoperative complications. There was no sig-
nificant difference in the rate of complications between the two groups. Major complications (>Illa of the Cla-
vien-Dindo classification) were seen in 1 patient (10%) in the TLTGS group and 7 patients (9.2%) in the TLTG
group. The details of complications are listed in Table 2. There were no patients with anastomotic leakage and
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Table 1. Patients’ characteristics and pathologic features (n = 86).

Variable TLTGS (D2) n =10 TLTG (D1) n =76 P value
Gender (male/female) 6/4 53/23 0.718
Age (years) 64 (40 - 74)* 66 (43.4 - 82.4) 0.548
BMI (kg/m?) 21.0 (16.0 - 34.2)* 23.0 (16.2 - 32.7)* 0.233
ASA classification (1/2/3) 0.809
1 3 34
2 6 37
3 1 5
Location 0.720
Upper 9 61
Middle 1 14
Lower 0 1
No. of dissected lymph node 53 (23 - 97)* 29 (10 - 70.5)* 0.019
Lymph node metastasis 0.011
Absent 4 61
Present 6 15
Histological type 0.105
Well differentiated 0 23
Moderately differentiated 3 16
Poorly differentiated 5 16
Signet ring cell 2 20
Mucinous 0 1
Pathological stage <0.001
1A 1 47
1B 0 12
A 4 5
11B 1 5
1A 1 3
1B 2 3
1Hc 1 1

BMI body mass index. *Numbers show medians, and numbers in parentheses show the 95% confidence interval of each parameter.

pancreatic fistula in the TLTGS group. One patient in the TLTGS group needed reoperation for omental necrosis.
Two patients in the TLTG group needed reoperation. One patient underwent reoperation for jejunojejunostomy
leakage, and the other patient who underwent reoperation for afferent loop syndrome caused by internal hernia
died of septic shock on postoperative day 90. One patient in the TLTG group was converted to open surgery due
to low blood pressure of uncertain cause during the procedure. The median postoperative hospital stay in the
TLTGS group was 17.5 days (range, 10 - 29 days) and that in the TLTG group was 16 days (range, 8 - 90 days).
There was no significant difference in postoperative hospital stay between the two groups. In the TLTGS group,
8 of the 10 patients underwent adjuvant chemotherapy, and all patients were alive and have no recurrence at the
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Table 2. Perioperative data (n = 86).

Variable TLTGS (D2) n =10 TLTG (D1)n=76 P value
Operation time (min) 393 (294 - 762)* 258 (171.4 - 431.2)* <0.001
Blood loss (ml) 100 (0 - 370)* 50 (0 - 492.5)* 0.122
Time to first flatus (days) 2(2-3) 2(1-3) 0.180
Time to first soft diet (days) 4(3-7) 4(3.2-11.6)° 0.008
Complication total 2 (20%) 13 (17.1%) 0.663
Anastomotic leakage 0 1
Anastomotic stenosis 0 3
Duodenal stump leakage 0 1
Internal hernia 0 1
Abdominal abscess 0 2
Omentum necrosis 1 0
Pancreatic fistula 0 2
Paralytic ileus 1 1
Wound infection 0 2
Re-operation 1 2 0.88
Clavien-Dindo classification
>llla 1 (10%) 7 (9.2%) 1.00
Conversion to open surgery 0 1 0.359
Postoperative hospital stay (days) 17.5 (10 - 29)* 16 (11 -73.7) 0.795
Operation-related death 0 1 0.359

*Numbers show medians, and numbers in parentheses show the 95% confidence interval of each parameter.
time of writing. The median follow-up time from operation was 26.9 months.

4. Discussion

Gastrectomy is the standard therapy for gastric cancer, and laparoscopic surgery has seen rapid development re-
cently. Laparoscopic surgery confers upon patients the advantages of faster recovery, less hemorrhage, and
smaller incisions that reduce postoperative pain, the probability of intestinal obstruction, and the risk of wound
infection. However, the safety and the results, including short-term and long-term outcomes, are the issues with
the procedure. After its introduction in 1994, LDG for early gastric cancer has been widely accepted [11] [12].
Some reports have indicated the LDG for advanced gastric cancer is acceptable, with a favorable outcome for
D2 lymphadenectomy during LDG [13] [14]. Totally laparoscopic distal gastrectomy (TLDG) has also been ac-
cepted with the development of the new technique of intracorporeal anastomosis [15] and various devices. We
adopted the policy of totally laparoscopic gastrectomy (TLG) from the initial period at our hospital, and we have
not experienced conversion to open surgery as a result of intracorporeal anastomosis. There may be several ad-
vantages associated with TLG. In laparoscopy-assisted gastrectomy, extracorporeal anastomosis via a mini-la-
parotomy incision may cause strong tension and injuries to the structures around the anastomosis because of li-
mited vision, particularly in obese patients. In TLG, the whole anastomotic procedure can be clearly viewed,
thereby eliminating such tension and injuries.

However, LTG for the treatment of advanced gastric cancer has remained controversial. The reasons for this
are technical difficulties with reconstruction and proper lymphadenectomy, including D2 lymphadenectomy.

()
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Intracorporeal reconstruction was performed mainly by the functional end-to-end method or the overlap method.
These methods during LTG were reported previously and showed a good outcome [16]. We adopted functional
end-to-end anastomosis with a linear stapler for intracorporeal esophagojejunostomy for all patients with TLTG
including D1 and D2 lymphadenectomy. One patient (1%) developed esophagojejunostomy leakage. The patient
did not need drainage or re-operation and was cured by conservative therapy alone. Esophagojejunostomy ste-
nosis developed in 3 patients (3%). These patients resolved with endoscopic dilation. There was one case of in-
ternal hernia with TLTG, and the mesenteric defects were closed using an intracorporeal suture for all patients
after that. We consider that functional end-to-end anastomosis for esophagojejunostomy is a safe and feasible
technique during TLTG.

LTG with D1 lymphadenectomy for early gastric cancer has been reported to be an acceptable procedure [17].
In these reports, postoperative morbidity after LTG was 18.1% - 26.9%. However, Jeong et al. noted that D2
lymphadenectomy was an independent risk factor for postoperative complications after LTG [18]. The rate of
morbidity after LTG with D2 was 52.6%, and that of LTG with D1 was 18.2% in their study. Tsunoda et al.
mentioned that more advanced disease was associated with higher postoperative morbidity [8]. The morbidity of
LTG with D2 was 34.5%, and that of LTG with D1 was 18.1% in their report. In the present study, the rate of
postoperative complications for TLTG with D2 was 20%, compared with 17.1% for TLTG with D1. There were
no significant differences in morbidity between the two groups. The patient morbidity of TLTG with D2 was
considered acceptable compared with previous reports.

Combined splenectomy for advanced gastric cancer has been controversial. Some reports stated that the sur-
vival of patients who underwent gastrectomy with splenectomy and extended lymph node dissection was longer
than that of patients with gastrectomy alone [19]. There were also cases with metastatic nodes in the dissected
area including the splenic hilus by extended lymph node dissection including splenectomy [20] [21]. However,
other reports indicated that gastrectomy combined with splenectomy tended to be associated with higher mor-
bidity and mortality and had no impact on survival [22] [23]. The common technical difficulty encountered dur-
ing LTG with D2 lymphadenectomy was dissection of the suprapancreatic and splenic hilus lymph nodes. Shi-
nohara et al. and Hur et al. reported that taping of the splenic artery was helpful in dissecting lymph nodes, in-
cluding Nos. 10 and 11d [24] [25]. We performed TLTG combined with splenectomy for all patients with D2
lymphadenectomy, and we standardized the operative procedure. We performed the operation in a co-axial set-
ting; the surgeon stood between the patient’s legs and used bilateral abdominal ports, and the scopist used the
paraumbilical port. Initial mobilization of the cranial end of the pancreatic body/tail and spleen and taping of the
splenic artery for dissecting lymph nodes 11 d and 10 were performed. As a result, the rate of complications of
patients with D2 lymphadenectomy was similar with that of D1 lymphadenectomy in the present study. The rate
of major complications (>I1Ia of the Clavien-Dindo classification) in the TLTGS group was also similar to that
in the TLTG group. TLTG combined with splenectomy and D2 lymphadenectomy did not have a higher mor-
bidity rate.

The limitation of the present study is the retrospective study and that the long-term outcomes, overall survival
and disease-free survival, are still unknown. More cases and longer follow-up for long-term survival are needed.

5. Conclusion

In conclusion, the short-term results of TLTGS with D2 lymphadenectomy for advanced gastric cancer were
evaluated by comparing them with those of D1 lymphadenectomy for early gastric cancer. Although cases with
higher stage were included in the TLTGS group, the safety of the procedure during TLTGS with D2 lymphade-
nectomy was not inferior to that of TLTG with D1 lymphadenectomy. TLTGS with D2 lymphadenectomy is a
useful and acceptable procedure for advanced gastric cancer.
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