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Abstract

Background D2 total gastrectomy combined with splenec-

tomy or pancreaticosplenectomy reportedly increases mor-

bidity and mortality. Totally laparoscopic total gastrectomy

(TLTG) for advanced gastric cancer (AGC) remains con-

troversial because of its technical difficulties and lack of

long-term results. We determined the feasibility and safety

of TLTG for AGC.

Methods A single-institution retrospective study was

conducted. Ninety-two consecutive AGC patients who

underwent radical TLTG were enrolled. The primary end

point was morbidity. The patients were observed for

3 years following TLTG. We assessed short-term surgical

and long-term outcomes, including 3-year overall survival

rates (3yOS) and 3-year recurrence-free survival rates

(3yRFS).

Results Early and late morbidities (Clavien–Dindo grade

C3) were 26.1 and 6.5 %, respectively. Operative time,

estimated blood loss, number of dissected lymph nodes,

and postoperative hospital stay were 444 (278–694) min,

100 (0–2267) g, 48 (16–89), and 23 (9–136) days,

respectively, and 3yOS and 3yRFS rates were 70.7 and

60.9 %, respectively. Factors associated with postoperative

complications and 3yOS were operative time [OR 1.011

(1.006–1.017), p\ 0.01] and cancer recurrence within

3 years [HR 312.191 (1.126–86573.245], p = 0.045],

respectively. 3yRFS was associated with tumor size

(C50 mm) [HR 10.325 (1.328–80.289), p = 0.026], patho-

logical N factor C2 [HR 3.188 (1.196–8.495), p = 0.02],

and postoperative pancreatic fistula combined with intra-

abdominal abscesses Clavien–Dindo grade C2; [HR 3.670

(1.440–9.351), p = 0.006].

Conclusions TLTG for AGC is sufficiently feasible and

safe from both surgical and oncological point of view.
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Abbreviations

TLTG Totally laparoscopic total gastrectomy

AGC Advanced gastric cancer

EGC Early gastric cancer

LG Laparoscopic gastrectomy

LN Lymph node

SHLN Splenic hilar lymph node

3yOS Three-year overall survival rates

3yRFS Three-year recurrence-free survival rates

D2-10 D2 lymphadenectomy with preservation of

station 10 lymph nodes and spleen

D2-S Spleen-preserving D2 lymphadenectomy

D2 ? S D2 lymphadenectomy combined with

splenectomy

D2 ? PS D2 lymphadenectomy combined with distal

pancreaticosplenectomy

NAC Neoadjuvant chemotherapy

BMI Body mass index

Electronic supplementary material The online version of this
article (doi:10.1007/s00464-015-4726-4) contains supplementary
material, which is available to authorized users.

& Koichi Suda

ko-suda@nifty.com

Masaya Nakauchi

naka57ma38@hotmail.com

1 Division of Upper GI, Department of Surgery, Fujita Health

University, 1-98 Dengakugakubo, Kutsukake, Toyoake,

Aichi 470-1192, Japan

123

Surg Endosc (2016) 30:4632–4639

DOI 10.1007/s00464-015-4726-4

and Other Interventional Techniques 

http://dx.doi.org/10.1007/s00464-015-4726-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4726-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-015-4726-4&amp;domain=pdf


ASA-PS American Society of Anesthesiologists

Physical Status

JCGC Japanese Classification of Gastric Carcinoma

CD Clavien–Dindo classification

HR Hazard ratio

Gastric cancer is the fourth most common malignant tumor

and the second leading cause of cancer-related death

worldwide [1]. Surgical resection remains the only curative

treatment option, and regional lymphadenectomy is rec-

ommended as part of radical gastrectomy [2]. According to

the Japanese Classification of Gastric Cancer, D2 total

gastrectomy is recommended for advanced proximal gas-

tric cancer [3]; however, D2 lymphadenectomy combined

with splenectomy or pancreaticosplenectomy has been

reported to increase morbidity and mortality [4–6].

Therefore, the practical importance of station 10 lymph

node (LN) dissection and splenectomy in D2 total gas-

trectomy is controversial [7–9].

Laparoscopic gastrectomy (LG) has been increasingly

performed as a minimally invasive surgical approach that

provides significant advantages for short-term outcomes as

opposed to open surgical procedures for the early gastric

cancer (EGC) patients [10, 11]. However, LG, including

totally laparoscopic total gastrectomy (TLTG), for advanced

gastric cancer (AGC) remains controversial because of

its technical difficulties and lack of long-term results [4,

12–14].

We started TLTG for AGC in 1997 [15] and have

established a stable and robust methodology, including

splenic hilar lymph node (SHLN) dissection. We herein

determined the technical and oncological feasibility as well

as safety of TLTG for AGC.

Materials and methods

Patients

We conducted a single-institution retrospective study

between January 2007 and May 2012. The patient selection

process is summarized in Fig. 1. During this period, 855

consecutive primary gastric cancer patients for whom

surgical treatment was applicable were referred to our

division. Of these patients, 234 patients with gastric cancer

infiltrating into the upper third of stomach underwent total

gastrectomy. Ninety-two consecutive AGC patients (cS-

tage IB, II, or III) who underwent radical TLTG were

enrolled. A minimally invasive approach was also used for

all the 234 patients, except for the one patient who

underwent open total gastrectomy. All patients were evenly

offered open, laparoscopic, and robotic surgery. These

patients were observed for 3 years following surgical

resection; short-term surgical outcomes, including opera-

tive time, estimated blood loss, postoperative complica-

tions, length of postoperative hospital stay, number of

harvested LNs, and clinicopathological characteristics, as

well as long-term outcomes, including 3-year overall sur-

vival (3yOS) and 3-year recurrence-free survival (3yRFS)

rates, were assessed. The primary end point was morbidity.

Postoperative complications for grades greater than II or III

determined according to the Clavien–Dindo (CD) classifi-

cation were recorded [16, 17]. The types of postoperative

complications were classified in accordance with the Japan

Clinical Oncology Group Postoperative Complication

Criteria according to CD ver. 2.0 [18]. Total operative time

was the time from the start of the abdominal incision to the

completion of wound closure. Blood loss was estimated by

weighing suctioned blood and gauze pieces absorbing

blood. Survival was estimated from the date of initial

diagnosis of gastric cancer. All operations were supervised

by I.U. All the participating surgeons had previously per-

formed C30 LGs. Details of indications for radical gas-

trectomy, assessment of physical function, operative

procedures, and perioperative management in radical gas-

trectomy, extent of gastric resection and LN dissection, and

postoperative chemotherapy as well as oncological follow-

up have been previously reported [4, 13, 19]. All patients

were completely involved in the decision-making process,

and informed consent was obtained from them. This study

was approved by the Institutional Review Board of the

Fujita Health University.

Splenic hilar LN dissection in TLTG

TLTG followed by intra-corporeal anastomosis using linear

staplers was performed using the 6-port system. Gastric

Fig. 1 Flow diagram of the study selection process
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resection combined with radical lymphadenectomy, except

for SHLN dissection, was performed in the same manner as

that of previously reported [20–22].

Extent of splenic hilar LN dissection

Regarding the extent of SHLN dissection, D2 lym-

phadenectomy combined with distal pancreaticosplenec-

tomy (D2 ? PS) was performed in patients with tumors

infiltrating into the pancreatic body or tail. D2 lym-

phadenectomy combined with splenectomy (D2 ? S) was

performed in patients with LN metastasis at the station 11d

or 10 or in those with greater curvature invasion. Spleen-

preserving D2 lymphadenectomy (D2-S) was performed in

patients with tumor depths CcT3 without LN metastasis at

the station 11d or 10, whereas D2 lymphadenectomy with

preservation of station 10 LNs and the spleen (D2-10) was

performed in patients without greater curvature invasion

and with tumor depths BcT2.

Operating procedures

Additional care to control the extent of SHLN dissection in

TLTG was given to (1) the layer on the fusion fascia at the

infrapancreatic border of the pancreatic tail, (2) the layer

on the subretroperitoneal fascia on the left diaphragmatic

crus around the upper pole of the spleen, and (3) the

outermost layer of the splenic artery (Fig. 2). Using these

layers, the aforementioned four different types of SHLN

dissection could easily be performed. Procedural details are

summarized in Supplemental Video clips 1–3.

Type of anastomosis

Following total gastrectomy, intra-abdominal Roux-en-Y

anastomosis was performed mostly using functional end-

to-end anastomosis with linear staplers [15, 23], whereas

intra-thoracic Roux-en-Y anastomosis was performed

using the overlap method [24]. OrVilTM (Covidien,

Mansfield, MA) was used in some cases according to the

operating surgeons’ preference.

Statistical analysis

All analyses were conducted using IBM SPSS Statistics 22

(IBM Corporation, Armonk, NY). Independent continuous

variables were compared by the Mann–Whitney U test or

Kruskal–Wallis test, and categorical variables were com-

pared by the v [2] (Chi-square) test or Fisher’s exact test.

Univariate Chi-square test and multivariate logistic

regression analysis were used to determine the factors

associated with postoperative complications. Long-term

outcomes were analyzed using Kaplan–Meier methods

with the log-rank test and Cox regression. Univariate

analyses were performed for all potential confounding

variables and effect modifiers. Considering the relatively

small sample size, all variables with a significant level of

p\ 0.05 in the univariate analysis were included as inde-

pendent variables. Data were expressed as the median

(range) or odds/hazard ratio [OR/HR; (95 % confidence

interval)], unless otherwise noted. A p value of\ 0.05

(two-tailed) was considered statistically significant. A Bon-

ferroni correction factor was applied to adjust for multiple

comparisons.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. Of the

92 patients, 61 (66.3 %) were male. Age and body mass

index (BMI) were 65 (34–88) years and 21.7 (15.0–32.4)

kg/m2, respectively. Fifty-one (55.4 %) patients had

American Society of Anesthesiologists Physical Status

(ASA-PS) comorbidities[Class 1. Nineteen (20.7 %)

patients had histories of laparotomy. Tumor size was

50 mm. Neoadjuvant chemotherapy (NAC) and adjuvant

chemotherapy were used in 54 (58.7 %) and 64 (69.6 %)

patients, respectively.

Surgical outcomes and short-term postoperative

courses

Surgical outcomes and short-term postoperative courses are

summarized in Table 1. Operative time, estimated blood

loss, and number of dissected LNs were 444 min, 100 g,

and 48, respectively. Regarding the extent of SHLN dis-

section, D2-10, D2-S, D2 ? S, and D2 ? PS were per-

formed in 5, 36, 32, and 19 patients, respectively. Duration

of postoperative hospital stay was 23 days. There was no

conversion to laparotomy or mortality in this series.

Early and late postoperative complications

Postoperative complications are summarized in Table 2.

Within 30 days following TLTG, 24 (26.1 %) patients

developed C one complication classified as CD grade CIII,

including pancreatic fistula in 11 (12.0 %), anastomotic

leakage in 8 (8.7 %), and intra-abdominal abscess in 4

(4.3 %). There was no anastomotic stenosis. Late compli-

cations occurring after[30 days following TLTG classi-

fied as CD grade CIII were observed in six (6.5 %)

patients, three (3.3 %) of whom suffered from internal

hernia requiring laparoscopic repair.
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Factors associated with postoperative complications

Univariate analyses showed that BMI, clinical N factor of

C2, use of NAC, operative time, estimated blood loss, and

pancreaticosplenectomy were significant factors for early

morbidity (CD grade CIII). However, operative time [OR

1.011 (1.006–1.017); p\ 0.01] was the only significant

independent risk factor in multivariate analyses.

Differences in short-term outcomes according

to the extent of splenic hilar lymphadenectomy

Greater extent of SHLN dissection led to longer operative

time (p = 0.010) and more frequent postoperative compli-

cations (CD grade CIII; p = 0.034), including pancreatic

fistula (p\ 0.001) (Table 3). Particularly, combined splenic

resection increased operative time (p = 0.015) and pancre-

atic fistula (p = 0.002). Addition of pancreaticosplenec-

tomy induced pancreatic fistula even more frequently than

that induced by splenectomy alone (p = 0.001). No signifi-

cant differences were seen in the number of dissected LNs

and anastomotic leakage among the groups.

Three-year long-term outcomes

The 3yOS rates according to the clinical JCGC stages of

cIB, cII, and cIII were 67.4, 68.2, and 67.6 %, respectively,

and the 3yRFS rates were 70.8, 56.5, and 59.1 %, respec-

tively. The 3yOS rates according to the pathological JCGC

stages of pCR, pI, pII, and pIII were 100.0, 93.8, 72.7, and

58.7 %, respectively (Fig. 3), and the 3yRFS rates were

100.0, 100.0, 66.7, and 39.0 %, respectively. Peritoneal

dissemination was the most frequent type of recurrence. Of

the 36 patients with any type of cancer recurrence B3 years

after TLTG, peritoneal dissemination was detected in 24

(66.7 %) patients. Liver and distant LN metastasis occur-

red in seven (19.4 %) and five (13.9 %) patients, respec-

tively. Here, no local recurrence and loco-regional LN

metastasis occurred.

Factors associated with 3-year long-term outcomes

Univariate analyses revealed that tumor size (C50 mm,

p = 0.023), pathological responder to NAC (grade C1b,

p = 0.007), pathological T factor (CSE, p\ 0.001),

Fig. 2 Critical anatomical landmarks to control the extent of SHLN

dissection in TLTG. A The layer on the fusion fascia. B The layer on

the subretroperitoneal fascia. C The outermost layer of the splenic

artery. D Representative anatomical image of the splenic hilum

(completion of D2-S)
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pathological N factor (C2, p = 0.026), pathological stage

(CII, p = 0.022), morbidity (CD grade CII, p = 0.012),

total early postoperative local complications (CD grade

CII, p = 0.006), postoperative pancreatic fistula combined

with intra-abdominal abscesses (CD grade CII, p = 0.006),

and longer hospital stay (C25 days, p = 0.011) were

associated with 3yOS, whereas the multivariate analysis

demonstrated that cancer recurrence B3 years was the only

significant factor associated with 3yOS [HR 312.191

(1.126–86573.245); p = 0.045]. Univariate analyses showed

that tumor size (C50 mm, p = 0.009), pathological

responder to NAC (grade C1b, p = 0.005), use of adjuvant

chemotherapy (p = 0.025), pathological T factor (CSE,

p\ 0.001), pathological N factor (C2, p\ 0.001), patho-

logical stage (CII, p = 0.001), total early postoperative

local complications (CD grade CII, p = 0.01), and post-

operative pancreatic fistula combined with intra-abdominal

abscesses (CD grade CII, p = 0.022) were associated with

3yRFS, whereas the multivariate analysis demonstrated

that tumor size C50 mm [HR 10.325 (1.328–80.289),

p = 0.026], pathological N factor of C2 [HR 3.188

(1.196–8.495), p = 0.02], and postoperative pancreatic

fistula combined with intra-abdominal abscesses CD grade

CII [HR 3.670 (1.440–9.351), p = 0.006] were significant

Table 1 Characteristics,

surgical outcomes, and

pathological findings of the

enrolled patients

Patient characteristics N = 92

Gender (M:F) 61:31

Age (years) 65 (34–88)

Body mass index (kg/m2) 21.7 (15.0–32.4)

Comorbidity, n (%) 51 (55.4)

History of laparotomy, n (%) 19 (20.7)

Tumor size (mm) 50 (2–190)

Neoadjuvant chemotherapy, n (%) 54 (58.7)

Adjuvant chemotherapy, n (%) 64 (69.6)

Clinical JCGCa stage (IB:II:III) 24:46:22

Surgical outcomes

Extent of splenic hilar lymphadenectomy (D2-10:D2-S:D2 ? S:D2 ? PS) 5:36:32:19

Operative time (min) 444 (278–694)

Estimated blood loss (g) 100 (0–2267)

No. of dissected LNs 48 (16–89)

Conversion to open procedure, n (%) 0 (0)

Hospital stay (days) 23 (9–136)

Reoperation, n (%) 5 (5.4)

In-hospital mortality, n (%) 0 (0)

Pathological findings

No. of metastatic LNs 1 (0–36)

Pathological JCGCa stage (CR:IA:IB:II:III:IV) 2:12:4:33:41:0

a Japanese Classification of Gastric Cancer, 14th edition; data are shown as median and range

Table 2 Early and late postoperative complications

Early complications (postoperative day\30) CDa C II CDa C III

Morbidity, n (%) 46 (50.0) 24 (26.1)

Local, n (%) 37 (40.2) 24 (26.1)

Anastomotic leakage, n (%) 10 (10.9) 8 (8.7)

Anastomotic stenosis, n (%) 0 (0) 0 (0)

Pancreatic fistula, n (%) 12 (13.0) 11 (12.0)

Intra-abdominal abscesses, n (%) 10 (10.9) 4 (4.3)

Wound infection, n (%) 2 (2.2) 0 (0)

Bowel obstruction, n (%) 3 (3.3) 3 (3.3)

Others, n (%) 7 (7.6) 2 (2.2)

Systemic, n (%) 7 (7.6) 2 (2.2)

Cardiac complications, n (%) 3 (3.3) 0 (0)

Pulmonary complications, n (%) 10 (10.9) 2 (2.2)

Others, n (%) 7 (7.6) 0 (0)

Late complications (postoperative day C30)

Morbidity, n (%) 7 (7.6) 6 (6.5)

Internal hernia, n (%) 3 (3.3) 3 (3.3)

Adhesive intestinal obstruction, n (%) 2 (2.2) 1 (1.1)

Common bile duct stone, n (%) 1 (1.1) 1 (1.1)

Acute cholecystitis, n (%) 1 (1.1) 1 (1.1)

a Clavien–Dindo classification grade
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factors associated with 3yRFS. Since postoperative pan-

creatic fistula combined with intra-abdominal abscess for-

mations (CD grade CII) took place more frequently in the

D2 ? PS group than in the other groups (10/19 in

D2 ? PS vs. 11/73 in the others p = 0.0013), and most of

the patients (17/19) in the D2 ? PS group had pStage II or

III disease, extent of SHLN dissection and pathological

stage might confound the association between postopera-

tive pancreatic fistula combined with intra-abdominal

abscess formations and 3yRFS. To eliminate the influence

of these confounding variables, this association was further

examined in the patients who underwent D2 ? PS strati-

fied with the pathological stage. However, differences in

3yRFS of the patients with or without these complications

were not sufficiently evaluated because of the limited

sample size. The extent of SHLN dissection and late

postoperative complications were not associated with the

3-year long-term outcomes.

Discussion

The study clearly demonstrates technical

and oncological feasibility and safety of TLTG

for AGC with three major findings

First, early morbidity (26.1 %) and mortality (0 %) of

TLTG for AGC were quite acceptable considering that

morbidities in laparoscopic (mostly for EGC) and open

total gastrectomy currently range from 4.9 to 33.3 % [25–

27] and 5.4–37.2 % [25, 28–31], respectively, and mor-

tality after gastric cancer surgery has been approximately

1 % [19]. Operative time [444 (278–694) min], estimated

blood loss [100 (0–2267) g], and number of dissected LNs

[48 (16–89)], and postoperative hospital stay [23 (9–136)

days] were also sufficient considering the results of pre-

vious studies [14, 25–27]. These data suggest the technical

feasibility of our method. With regard to late complica-

tions, internal hernia occurred in up to three (3.3 %)

patients; this appears paradoxical because an advantage of

laparoscopic surgery is that little intra-abdominal adhesion

is induced, leading to the induction of internal hernia

through residual open mesenteric defects [32]. All of the

mesenteric defects developing after TLTG, including

Petersen’s defect, jejunojejunal mesenteric defect, and

esophageal hiatus, should be closed using unabsorbable

sutures [33].

Second, the 3yOS and 3yRFS rates of all the enrolled

patients were 70.7 and 60.9 %, respectively. Pathological

stage-stratified 3yOS and 3yRFS in this study were at least

Table 3 Short-term outcomes according to the extent of splenic hilar lymphadenectomy

D2-10 (N = 5) D2-S (N = 36) D2 ? S (N = 32) D2 ? PS (N = 19) p value

Surgical outcomes

Operative time (min) 345 (302–551) 422 (278–663) 440 (324–663) 516 (315–694) 0.010a

Estimated blood loss (g) 80 (0–273) 65 (0–1017) 107 (25–2267) 216 (0–969) 0.057a

No. of dissected LNs 31 (26–77) 50 (16–89) 48 (21–75) 47 (18–78) 0.370a

Hospital stay (days) 23 (13–136) 21 (9–98) 20 (12–118) 43 (13–81) 0.141a

Postoperative complications

Total (CDb CIII), n (%) 1 (20.0) 6 (16.7) 7 (21.9) 10 (52.6) 0.034c

Pancreatic fistula, n (%) 0 (0.0) 0 (0.0) 2 (6.3) 9 (47.4) \0.001c

Intra-abdominal abscess, n (%) 0 (0.0) 1 (2.8) 1 (3.1) 2 (10.5) 0.548c

Anastomotic leakage, n (%) 1 (20.0) 3 (8.3) 3 (9.4) 1 (5.3) 0.653c

Bowel obstruction, n (%) 0 (0.0) 1 (2.8) 2 (6.3) 0 (0.0) 0.665c

a Kruskal–Wallis test, b Clavien–Dindo classification grade, Chi-square test

Fig. 3 Three-year overall survival rates stratified using pathological

JCGC stages
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comparable with those in previous reports from high-vol-

ume centers, although pathological stage may be consid-

erably affected by the effect of NAC [6, 29, 34–37]. These

results suggest the oncological safety of our technique.

According to multivariate analysis, the most important

factor associated with 3yOS was tumor recurrence. Thus, to

remove the influence of tumor recurrence on survival,

3yRFS was assessed. Not only oncological factors,

including tumor size (C50 mm) and pathological N factor

of C2, but also a surgical factor, including postoperative

pancreatic fistula, combined with intra-abdominal absces-

ses (CD grade CII) were associated with RFS, although

stratified analyses failed to verify the association between

these postoperative complications and RFS at least partly

because of the limited sample size of the present study.

These results were consistent with those of our previous

report that postoperative local complications may deterio-

rate long-term outcomes [21], suggesting the oncological

and surgical importance of preventing pancreatic fistula

and intra-abdominal abscess. Use of a surgical robot in

TLTG, which we previously determined was helpful in

reducing local complications, including pancreatic fistula

[19], is promising.

Third, our SHLN dissection technique appears to be

versatile because it could be easily used for the four dif-

ferent extents of SHLN dissection. Here, multivariate

analysis revealed that operative time was the only signifi-

cant factor associated with postoperative complications.

Operative time, morbidity, and pancreatic fistula increased

with increasing extent of SHLN dissection. Therefore, the

extent of SHLN dissection should be appropriately atten-

uated if this is allowed by oncological factors. At present,

according to the latest Japanese gastric cancer treatment

guidelines 2014 (ver. 4) [38], complete clearance of station

10 nodes by splenectomy should still be considered for

potentially curable T2–T4 tumors invading the greater

curvature of the upper stomach. However, in patients with

T2–4/N0–2/M0 gastric cancer not invading the greater

curvature, the JCOG0110 trial demonstrated that prophy-

lactic splenectomy should be avoided to improve operative

safety and survival [2, 39].

There were some limitations to this study. This was a

single-institution retrospective study, the sample size was

relatively small, and the observation period was relatively

short. Therefore, the data may be biased and the overall

results should be cautiously interpreted. A large multi-

center prospective cohort study is warranted to determine

whether our results are replicable.

In conclusion, TLTG for AGC was considerably feasible

and safe from both surgical and oncological perspective.

Our principle for SHLN dissection, in which the extent of

dissection could be easily controlled, may be useful in

reducing the risk of postoperative complications consider-

ing oncological validity.
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