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Abstract
Although surgical outcomes of totally laparoscopic total gastrectomy (TLTG) have been reported from several centers, the
effectiveness of this technique has not been conclusively established. The aim of this study was to investigate the feasibility, safety,
and efficacy of TLTG for gastric cancer.
A prospectively collected and retrospectively analyzed data were used by comparing the short-term surgical outcomes of 124

patients who underwent TLTG with those of 124 patients who underwent open total gastrectomy (OTG) between March 2007 and
March 2016.
The 2 groups were well matched with respect to age, sex, bodymass index, ASA score, and tumor stage. There was no significant

difference with regard to the operation time but TLTG showed significantly less intraoperative blood loss (115.5±70.2 vs 210.5±
146.7mL, P< .01). Total numbers of retrieved lymph nodes were similar in the 2 groups. Postoperatively, no significant differences
were found for morbidity or mortality. The time to first flatus, initiate oral intake, and postoperative hospital stay were significantly
shorter in the TLTG group than in the OTG group (3.2±1.0 vs 4.1±1.2 days; 4.4±1.2 vs 5.6±2.0 days; and 8.9±3.1 vs 11.3±4.5
days, respectively; P< .01).
TLTG for gastric cancer is technically safe, feasible, and minimally invasive compared with OTG. A prospective randomized trial is

needed to establish the value of TLTG.

Abbreviations: IE = intracorporeal esophagojejunostomy, LAG = laparoscopy-assisted gastrectomy, OTG = open total
gastrectomy, TLG = totally laparoscopic gastrectomy, TLTG = totally laparoscopic total gastrectomy, TNM = tumor-node-
metastasis.
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1. Introduction

Gastric cancer is one of the most commonly causes of cancer-
related death worldwide.[1] Despite the rapid progress in
molecular understanding of gastric cancer and development of
targeted treatments, the only therapeutic option now to improve
the lifetime of these patients is surgical resection. The standard
surgical procedure is gastrectomy with adequate lymphadenec-
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tomy, which can now be performed laparoscopically in some
specialized centers.[2] The number of patients undergoing
laparoscopy-assisted gastrectomy (LAG) is rapidly increasing.[2]

However, the extension of laparotomy is often necessary to
obtain a better view for secure anastomosis in obese patients.[3]

Furthermore, the procedure is more difficult in cases requiring
transection at a more proximal site, because of the limited space
even under larger auxiliary incision. Therefore, totally laparo-
scopic gastrectomy (TLG) has gradually increased.[4] The
potential advantages of TLG include safer anastomosis under
better visualization as well as a smaller scar and less pain.[5–7]

However, totally laparoscopic total gastrectomy (TLTG) is
performed by limited surgeons, which demands advanced
expertise in the lymphadenectomy at the splenic hilum and
esophagojejunostomy.[8,9] Based on our extensive laparoscopic
experience obtained from performing laparoscopic pancreatic,
gastric, and other operations,[10] we developed TLTG using
intracorporeally stapler or hand-sewn anastomosis for middle or
upper gastric cancer.[8] Here, we conducted a case-matched study
to evaluate the feasibility, advantages, and drawbacks of TLTG
by comparing with conventional open total gastrectomy (OTG).
2. Materials and methods

2.1. Patients

This research was approved by the Zhejiang University’s Ethics
Committee. Between March 2007 and March 2016, a total of
3268 patients diagnosed with gastric adenocarcinoma were
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treated by curative resection at Sir Run Shaw Hospital. A total of
1258 of these neoplasms were resected by laparoscopic approach
and 2010 by open technique. All gastrectomy procedures were
performed by experienced gastrointestinal surgeons. The indica-
tion for laparoscopic gastrectomy was gastric cancer without
evidences of invasion to adjacent organs or distal metastasis.
Patients were informed of the possible complications as well as
advantages and disadvantages of these 2 approaches. Then, the
surgical method of laparoscopic or open approach was decided
by patients and their families. Written consent was obtained from
every patient prior to surgery. When we retrospectively analyzed
the gastric cancer database, gastrectomy other than total
gastrectomy such as distal or proximal gastrectomy, wedge
resection was firstly excluded. Cases of combined resection were
also excluded. Then, for laparoscopic cases, all LAG cases were
excluded, thus only leaving TLTG cases. Therefore, 124 cases of
TLTG and 656 cases of OTG were included in this comparative
study. To overcome the selection bias, we designed a matched
case–control study. All data were collected by an experienced
data collection assistant and analyzed by a medical statistician
who matched all cases for gender, age (±5 years), American
Society of Anesthesiologists Physical Status score (ASA),
differentiation, and tumor-node-metastasis (TNM) stage of
tumor. Finally, 248 patients (124 TLTG: 124 OTG) were
identified.
We studied patient demographic information, surgical proce-

dure, and postoperative courses. The following data were
collected: age, sex, body mass index, ASA score, comorbidities,
operative time, estimated blood loss, complications, hospital
stay, and pathological findings. Postoperative complications were
stratified according to the Clavien–Dindo classification, which
defines major complications by a score≥3.[11] The anastomosis-
related complications included anastomotic leakage, hemor-
rhage, and stricture or stenosis. Pathological and clinical staging
was determined based on the American Joint Committee on
Cancer (the 7th edition) and the TNM classification scheme.
2.2. Surgical procedure

Under general anesthesia, the patient was placed in supine
position. Lymphadenectomy was performed according to the
guidelines of the Japanese Gastric Cancer Association, which
included No. 8a, 9, 10, 11, and 12a in addition to D1

dissection.[12] At our institution, total gastrectomy is performed
via totally laparoscopic surgery with antecolic Roux-en-Y
reconstruction using following methods: type A: conventional
circular stapler-anvil method; type B: trans-orally inserted anvil
(OrVilTM, 25mm; Covidien, Mansfield, MA) method; type C:
linear stapler side-to-side method; type D: linear stapler delta-
shaped method; and type E: hand-sewn end-to-side method. The
detailed lymphadenectomy and reconstruction procedure were
described in our previously published articles.[8] Open surgery
was performed in the same manner as laparoscopic surgery
through an upper midline incision. The anastomosis methods
included stapler or sewn depending on the surgeon’s habits.
2.3. Statistical analysis

Quantitative data were expressed as means± standard devia-
tions. The Student t test was used to compare continuous
variables, whereas chi-square analysis or Fisher exact tests were
used to compare categorical variables. P< .05 was considered
2

statistically significant. All statistical analyses were performed
using SPSS version 20.0 (SPSS, Inc).
3. Results

3.1. Clinicopathological characteristics

The variables including age, sex, body mass index, and TNM
stage were well matched. There were 124 cases (81 males and 43
females) included in the TLTG group with a mean age of 52.7
years old. Thirty-one cases had comorbidities, 76 cases achieved
ASA score I, 41 cases achieved score II, and 7 cases achieved score
III. The mean tumor size of cases in TLTG was 4.7cm, with
differentiated type of 77. According to the American Joint
Committee on Cancer (the 7th edition), 60 cases were diagnosed
with stage I, 29 cases with stage II, and 35 cases with stage III. The
clinicopathological characteristics of TLTG and OTG were
summarized in Table 1.
3.2. Surgical outcomes

The surgical outcomes were showed in Table 2. The types of
TLTGwere as follow: type A (n=14), type B (n=28), type C (n=
22), type D (n=10), and type E (n=50). Compared with OTG,
TLTG had similar operation time (234.8 vs 220.5minutes,
P= .11). The intraoperative blood loss was significantly less in
TLTG (115.5 vs 210.5mL, P< .01). TLTG retrieved lymph nodes
no less than OTG, with similar proximal resection margin. The
postoperative time to first flatus, time to first oral intake, and
length of hospital stay was shorter in TLTG.
3.3. Postoperative morbidity

Eighteen out of 124 patients in TLTG and 22 out of 124 patients
in OTG got postoperative complications, which was not statistic
different between 2 groups (14.5% vs 17.7%). The anastomosis-
related complications in TLTG included 3 cases of anastomotic
leakage at the esophagojejunostomy site and 2 cases of stricture.
These complications were controlled by conservative treatment.
Morbidity related to esophagojejunostomy included 2 cases of
anastomotic leakage (1 requiring surgical correction) and 2 cases
of stricture (conservative treatment). There was no postoperative
mortality in both groups. According to Clavien–Dindo classifi-
cation, there were 6 (4.8%) major (Clavien–Dindo III or higher)
postoperative complications in TLTG group, whereas 8 (6.5%)
major complications in OTG group (P= .52). The detail of
postoperative morbidities was summarized in Table 3.

4. Discussion

Totally laparoscopic distal gastrectomy (TLDG) was a surgical
method by performing distal stomach resection and gastrointes-
tinal reconstruction totally intracorporeally,[4] which have
several advantages over laparoscopy-assisted distal gastrectomy,
including smaller wound, less pain, and better feasibility for safe
gastrectomy.[5,7] A programme of TLG was adopted at our
hospital due to its inception because we considered that it would
bring about several advantages.[5] However, regarding to the
laparoscopic total gastrectomy (LTG), many surgeons have
preferred the “laparoscopy-assisted” type due to the high
technical demand of intracorporeal esophagojejunostomy (IE),
and potentially higher postoperative morbidity and mortality. In
this study, we summarized our experience of TLTG and found



Table 3

Comparison of postoperative complications.

Variable
TLTG

(n=124)
OTG

(n=124) P

Present/absent 18/106 22/102 .49
Clavien–Dindo I–II complications 12 14 .68
Clavien–Dindo III–V complications 6 8 .52
Anastomotic leakage 3 2
Anastomotic stricture 2 2
Intracorporeal hemorrhage 2 3
Abdominal abscess 2 3
Pulmonary infection 3 4
Pulmonary embolism 1 0
Pancreatic leakage 2 2
Ileus 2 4
Lymphorrhea 1 0
Wound infection 0 2

Mortality 0 0

OTG= open total gastrectomy, TLTG= totally laparoscopic total gastrectomy.

Table 1

Comparison of the clinicopathological characteristics.

TLTG
(n=124)

OTG
(n=124) P

Age, y 52.7±13.1 53.5±14.6 .53
Gender Male 81 81 1.00

Female 43 43
BMI index, kg/m2 23.9±4.3 23.0±3.7 .70
Comorbidity Absence 93 94 .88

Presence 31 30
ASA classification I 76 80 .78

II 41 39
III 7 5

Tumor size, cm 4.7±2.6 5.4±3.7 .09
Histology Differentiated 77 74 .70

Undifferentiated 47 50
T stage T1 59 63 .81

T2 32 28
T3 28 30
T4 5 3

N stage N0 66 65 .97
N1 32 30
N2 16 17
N3 10 12

TNM stage IA/IB 60 59 .96
IIA/IIB 29 28
IIIA/IIIB/IIIC 35 37

ASA=American Society of Anesthesiologists Physical Status score, BMI=body mass index, OTG=
open total gastrectomy, TLTG= totally laparoscopic total gastrectomy, TNM= tumor-node-metastasis.
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that surgical outcomes were comparable to the conventional
OTG approach.
Considering esophagojejunostomy under laparoscopy, the

safety of TLTG has been a concern for many surgeons. Our
results revealed that there was no significant difference in the
overall postoperative complications between TLTG and OTG
(14.5% vs 17.7%). When the morbidity was further analyzed,
we found the anastomosis-related complications (anastomotic
leakage, stenosis, and bleeding) also had no significant
difference between 2 groups (4.0% vs 3.2%). The anastomotic
leakage was the most frequent anastomosis-related morbidity
(2.4% in TLTG) that was similar to that in OTG. However, all
leakages were minor following intraabdominal abscess and
treated conservatively. No patient suffered anastomotic
bleeding postoperatively. In previous studies of OTG, compli-
cation rates were 17.8% after total gastrectomy alone and
39.7% after total gastrectomy with splenectomy.[13] According
to a large retrospective analysis of 1185 cases of LAG,which is a
relatively mature technique, from Japan,[14] the postoperative
Table 2

Comparison of surgical outcomes and postoperative recovery.

TLTG
(n=124)

OTG
(n=124) P

Operation time, min 234.8±68.4 220.5±70.8 .11
Blood loss, mL 115.5±70.2 210.5±146.7 <.01
Number of retrieved lymph nodes 34.3±9.0 35.1±9.7 .50
Proximal resection margin, cm 4.5±1.7 4.7±2.0 .40
Time to first flatus, d 3.2±1.0 4.1±1.2 <.01
Time to start oral intake, d 4.4±1.2 5.6±2.0 <.01
Postoperative hospital stay, d 8.9±3.1 11.3±4.5 <.01

OTG= open total gastrectomy, TLTG= totally laparoscopic total gastrectomy.
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complication rate was 12.7%, in which the anastomosis-related
complication rate was 5.1%. Also, Kim et al[15] retrospectively
analyzed 1237 cases of LAG in Korea and found that the
postoperative overall complication and anastomotic complica-
tion rateswere 13.1%and 1.9%, respectively.However, 2 cases
of abdominal infection were reported in the early stage
of our center, while in the later stage, the incidence of
abdominal infection decreased with the help of such measures
as adequate gastrointestinal decompression before opening the
stomach cavity and local peritoneal washing after completing
anastomosis.
Given the complexity of IE, surgeons concern TLTG may

prolong the operation time. However, our results showed that the
operation time of TLTG was not longer than that of OTG. A
stable team with a tacit cooperation plays would perform
laparoscopic gastrectomy easier and faster. The reduced
operative time might be related to the fact that we got substantial
experience from totally laparoscopic distal gastrectomy and
laparoscopy-assisted total gastrectomy. As a new technology,
laparoscopic reconstruction of the gastrointestinal tract has a
steep learning curve. Although its initial application takes time
and energy, fast and secure laparoscopic anastomosis can be
eventually achieved if the technique would be well mastered.
Besides, the time to first flatus or start oral intake was earlier in
TLTG than OTG, indicating a faster recovery of bowel function
after TLTG.
Recently, various modified IE techniques had been

reported.[8,16] However, the optimal procedure remains unclear.
The conventional circular stapler has a drawback in the
placement of circular anvil. The OrVilTM approach carries
possible risk of pharyngeal or esophageal injury when anvil head
passing the level of tracheal bifurcation, which may result in
abdominal infection. Side-to-side anastomosis using linear-
stapled could reduce the risk of anastomotic stenosis, because
a stoma larger than 30mm diameter can be created. However, it
requires a sufficient esophageal length. For tumors near the
esophagogastric junction, inserting the jaws into a short
esophageal is quite difficult without proper traction by the
assistant, which would adversely affect the quality of anastomo-
sis. The limitations of mechanical approach could be overcome
by the hand-sewn esophagojejunostomy. But it needs operators
with rich experience in laparoscopic suture, and it may consume
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more time. In 2011, Kwang et al reported 6 cases of IE. In their
study, the total operation time and IE time were 379.7 and 81.5
minutes, respectively.[17] Besides, they found no anastomosis-
related complications and other major surgical complications in
their cohorts. Facy et al[18] also reported 5 cases using
unidirectional absorbable barbed sutures (V-Loc; Covidien,
Mansfield, MA), in which only 1 leakage occurred in an
esophagojejunostomy, which was managed with laparoscopic
surgical drainage. We started performing TLTG using an anvil
combined with intracorporeal purse-string suture technique in
November 2007 and started using intracorporeal hand-sewn
esophagojejunostomy in September 2012. In our hands, the
anastomosis procedure is usually completed in 40minutes after
we mastered the skill. Although it still consumes a little longer
time than the mechanical approach, it also decreased the risk of
leakage and stenosis.[8]

There were several limitations of this study including
retrospective, single-center design, potential for undetected
selection bias, and lack of long-term follow-up results. First,
because it was a retrospective study performed at a single center,
case selection was inevitably affected by bias. Not exactly the
same postoperativemanagement and discharge criteriawill also
lead to clinical heterogeneity and a sequence of biases. Second,
there must be obvious clinical homogeneity in this study due to
the inherent flaws of retrospective cohort study that the baseline
levels were not exactly comparable, as well as the uneven
surgical skills of the different surgeons, therefore several
extreme values were obtained. Third, long-term outcomes were
not evaluated because of the short observation period, which is
unavoidable given the relatively short history of performing
TLTG for gastric cancer. Therefore, randomized controlled
trials or prospective cohort studies with long-term follow-up
are necessary to adequately evaluate the status of TLTG for
gastric cancer.
5. Conclusion

In conclusion, our study shows that TLTG, which can achieve
similar lymphadenectomy effect as OTG, is safe and feasible, and
characterized by the advantage of rapid recovery. Besides, the
morbidity and mortality rate was not statistically different
between them. A prospective randomized study comparing long-
term oncological is necessary to confirm these results.
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