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A B S T R A C T

Background: Laparoscopic-assisted total gastrectomy (LATG) has been extensively employed for the removal of
gastric tumors, although it has several limitations. Totally laparoscopic total gastrectomy (TLTG) is a new
technique that has rapidly been gaining popularity, and may help overcome the limitations of LATG; however,
its safety and therapeutic effect remain controversial. In the present study, we aimed to assess the safety and
efficacy of TLTG, and compare the short-term outcomes of TLTG and LATG.
Methods: We searched for studies comparing TLTG and LATG published up to April 2018 from databases such as
PubMed and Embase. The study results, including time of surgery, blood loss, anastomosis time, retrieved
lymphatic nodes, proximal and distal resection edges, incision length, time to first fluid and soft diet, hospita-
lization duration, time to first flatus, and postsurgical and anastomotic complications, were compared between
the procedures.
Results: A total of 10 studies were included. TLTG led to reduced intraoperative blood loss (P < 0.01), greater
number of retrieved lymphatic nodes (P < 0.01), decreased hospitalization duration (P < 0.01), reduced in-
cision length (P=0.05), and shorter time to first fluid diet (P < 0.05), as compared to LATG. The surgery and
anastomosis times, time to first soft diet, resection edge, time to first flatus, overall postsurgical complications,
and anastomosis-related complications were similar between TLTG and LATG (P > 0.05).
Conclusions: TLTG is a safe procedure that yields better cosmesis lower invasiveness, and faster recovery as
compared to LATG.

1. Introduction

Gastric cancer is associated with high mortality and morbidity rates
worldwide, and East Asian countries such as Korea, Japan, and China in
particular exhibit very high morbidity rates related to this disease [1].
Gastrectomy is the optimal treatment for this condition [2], and con-
ventional laparotomy has been the first choice for patients undergoing
gastric surgery. Kitano et al. [3] described a novel laparoscopic-assisted
distal gastrectomy (LADG) procedure, and indicated the increasing
popularity of laparoscopic gastrectomy (LG) over open gastrectomy
(OG). The advantages of LG include shorter wound length, decreased
blood loss, shorter hospitalization duration, decreased complication
rates, and faster recovery [4–7]. Several large-scale studies have con-
firmed that LG has similar clinical benefits and comparable survival
outcomes with OG [8–11].

The 2 versions of LG include totally laparoscopic gastrectomy (TLG)
and laparoscopic-assisted gastrectomy (LAG). Extracorporeal

anastomosis with LAG is similar to conventional anastomosis with OG.
In that procedure, an auxiliary incision is made in the upper abdomen,
and digestive reconstruction is performed extracorporeally. In some
cases, it is necessary to extend the laparotomy to achieve a better view,
particularly in obese patients. Moreover, due to the high tension of
extracorporeal anastomosis, the potential risk of surrounding tissue
injury is increased. In contrast, intracorporeal anastomosis with LTG
does not require an auxiliary incision, and a better operative view can
be obtained. However, the reconstruction process associated with this
procedure is difficult.

Recently, the number of totally laparoscopic distal gastrectomy
(TLDG) procedures have increased. Several meta-analyses have con-
firmed the feasibility of TLDG by comparing the short-term results of
TLDG and LADG [12–14]. However, only few studies have assessed the
results of TLTG, and hence, its therapeutic effect remains controversial
[15]. Accordingly, in the present study, we aimed to evaluate the safety
and feasibility of TLTG, and compare the short-term outcomes of TLTG
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and LATG.

2. Materials and methods

2.1. Search strategy

The study was registered on PROSPERO, and the findings have been
reported according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing the
methodological quality of systematic reviews) guidelines. The Embase,
PubMed, Web of Science, and Cochrane Library databases were sear-
ched for primary studies published until April 2018. For a more accu-
rate search, the terms “totally laparoscopic” or “intracorporeal” and
“laparoscopic assisted” or “extracorporeal” and “total gastrectomy”
were employed. All reference articles of the retrieved studies were re-
viewed in order to choose studies that better suit our criteria. No lan-
guage restriction was applied.

2.2. Inclusion and exclusion criteria

Any studies that met the following criteria were considered: (1) all
patients were diagnosed with gastric cancer; (2) study compared TLTG
and LATG; and (3) the endpoints included postsurgical complications. If
there were two or more articles by the same authors or research in-
stitutions, the most recent publication was selected.

Articles that met the following criteria were not considered: (1)
included hand-assisted LG or robotic gastrectomy; (2) focused on la-
paroscopic total gastrectomy (LTG) and laparoscopic distal gastrectomy
(LDG); (3) sample size< 10; and (4) article type included abstracts
presented at meetings, case reports, review articles, or letters.

2.3. Data extraction

Data were collected from each of the selected research papers in-
dependently by 2 authors, and disagreements were discussed before a
final decision was made. The compiled information included author
name, study period, sample size, mean age, gender, geographical re-
gion, tumor stage, surgery time, anastomosis time, blood loss, retrieved
lymphatic nodes, proximal resection edge, distal resection edge, inci-
sion length, postsurgical hospitalization duration, time to first flatus,
time to the first fluid diet and soft diet, overall postsurgical complica-
tions, and anastomotic complications.

2.4. Statistical analysis

RevMan 5.3 software (Nordic Cochrane Centre; Denmark) was used
to analyze data. Risk ratio (RR) was employed to assess the dichot-
omous variables. If the I2 value was ≤50%, a fixed effects model was
employed, and if the value was> 50%, a random effects model was
chosen. To avoid publication bias, we used funnel plots. Statistical
significance was acknowledged when P values were<0.05. In some
publications, the mean values and standard deviation values were un-
available. The methods used to determine these values based on the
available median and range data have been described previously by
Hozo et al. [16].

3. Results

3.1. Selected studies

During the initial search, 159 publications were selected. After re-
viewing the publications, the full-text of 14 studies were further as-
sessed. Of these, 4 papers [17–20] did not meet the criteria and were
excluded. Finally, 10 studies [21–30] were considered for the meta-
analysis (Fig. 1).

3.2. Study characteristics

The characteristics of the individual trials are shown in Table 1. A
total of 1003 patients were included in the TLTG group, whereas 921
patients were included in the LATG group. The studies were from Korea
(3 studies), Japan (1 study), and China (6 studies).

3.3. Study quality

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of
the studies. The total NOS score was 9, and papers with a score ≥6
were classified as methodologically sound studies. All articles included
in this study rated between 6 and 9, indicating that the study quality
was sufficient (Table 2).

3.4. Intraoperative outcomes

With regard to intraoperative outcomes, the surgery time, anasto-
mosis time, blood loss, retrieved lymphatic nodes, proximal resection
edge, distal resection edge, and incision length were evaluated. In the 9
studies reporting surgery time [21–29], we found that there was no
difference between the 2 groups (WMD, 3.33min; 95% confidence in-
terval [CI], −11.72 to 18.37; P=0.66; Fig. 2). Among the 4 studies
reporting anastomosis time [21,24,27,29], we found that the TLTG
group had similar anastomosis time (WMD, 3.77min; 95% CI,−2.97 to

Fig. 1. Flowchart of the search strategy.
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10.51; P=0.27; Fig. 3), as compared to the LATG group. In the 8
studies that reported intraoperative blood loss [21,22,24–29], the value
was found to be lower in the TLTG group, as compared to that in the
LATG group (WMD, 2.40ml; 95% CI, −54.47 to 59.27; P < 0.01;
Fig. 4). Among the 8 studies that reported on the number of retrieved
lymphatic nodes [21–25,27,28,30], the TLTG group was found to have
a greater number as compared to the LATG group (WMD, 2.62; 95% CI,
1.47 to 3.78; P < 0.01; Fig. 5). Six studies reported on the proximal
resection edge [21,22,24,27–29] and 4 studies reported on the distal
resection edge [22,23,27,28]. The proximal resection edge (WMD,
−0.35 cm; 95% CI, −0.96 to 0.25; P= 0.25; Fig. 6) or distal resection
edge (WMD, 0.27 cm; 95% CI, −0.35 to 0.89; P=0.40; Fig. 7) did not
differ between the groups. Only 2 studies reported the incision length
[22,29], and the value was lower in the TLTG group than in the LATG
group (WMD, −3.25 cm; 95% CI, −6.48 to −0.02; P= 0.05; Fig. 8).

3.5. Postsurgical outcomes

We also assessed the postsurgical hospitalization duration, time to
first flatus, and time to first fluid and soft diet to evaluate the post-
operative recovery in the patients. The TLTG group had a shorter
hospital duration as compared to the LATG group (WMD, −0.57 days;
95% CI, −1.00 to −0.14; P < 0.01; Fig. 9). The time to first flatus did
not significantly differ between the 2 groups (WMD, −0.17 days; 95%

CI, −0.37 to 0.02; P=0.09; Fig. 10). The patients in the TLTG group
had a shorter time to first fluid diet than those in the LATG group
(WMD, −0.23 days; 95% CI, −0.41 to −0.04; P < 0.05; Fig. 11),
whereas the time to first soft diet was comparable between the 2 groups
(WMD, −0.46 days; 95% CI, −1.44 to 0.52; P=0.35; Fig. 12).

The overall postsurgical complications were evaluated in 10 studies
[21–30]. There was no significant difference in the risk of overall
postsurgical complications (RR, 1.00; 95% CI, 0.83–1.21; P=0.97;
Fig. 13). The risk of all anastomosis-related complications, including
anastomotic leakage (RR, 0.93; 95% CI, 0.57–1.51; P=0.78; Fig. 14),
anastomotic stenosis (RR, 0.85; 95% CI, 0.46–1.57; P= 0.59; Fig. 15),
and anastomotic hemorrhage (RR, 0.78; 95% CI, 0.28–2.18; P=0.64;
Fig. 16), was similar between the TLTG and LATG groups.

3.6. Publication bias

A funnel plot of the overall postoperative complications was used to
evaluate the for presence of publication bias. The funnel plot was not
asymmetric, indicating that there was no evidence of publication bias in
the study (Fig. 17).

4. Discussion

LATG is a widely used treatment for gastric cancer. The therapeutic

Table 1
Characteristics of the included studies.

Author Nation Year Study Surgical Sample Mean Gender Tumor stage

period type size age (years) (male/female) (Ⅰ/Ⅱ/Ⅲ/Ⅳ/pCR)

Chen [21] China 2016 2006–2015 TLTG 108 59.4 73/35 53/27/28/0/0
LATG 145 57.3 98/47 8227/36/0/0

Cui [22] China 2015 2013–2014 TLTG 16 61.3 10/6 NA
LATG 50 67.6 34/16 NA

Gong [23] Korea 2017 2008–2014 TLTG 421 57.78 173/148 337/62/22/0/0
LATG 266 55.69 167/99 228/27/11/0/0

Hong [24] China 2017 2015–2016 TLTG 183 58 122/61 NA
LATG 190 60 135/55 NA

Huang [25] China 2017 2014–2016 TLTG 51 55.5 34/17 13/17/21/0/0
LATG 102 55.9 68/34 18/40/44/0/0

Ito [26] Japan 2014 2001–2012 TLTG 117 NA NA 79/24/12/2/0
LATG 46 NA NA 35/5/5/1/0

Kim EY [27] Korea 2016 2009–2014 TLTG 27 60.8 22/5 25/1/1/0/0
LATG 29 59.3 27/9 12/6/10/0/0

KimHB [28] Korea 2016 2013–2015 TLTG 30 51 16/14 NA
LATG 24 53 14/10 NA

Lu [29] China 2015 2011–2014 TLTG 25 59 22/3 0/5/17/3/0
LATG 25 58.4 21/4 4/5/15/1/0

Miao [30] China 2016 2012–2016 TLTG 25 56 11/14 14/5/5/1/0
LATG 47 59.1 25/22 15/19/11/1/1

Table 2
Quality of the included studies.

Author Selection (out of 4) Comparability (out
of 2)

Outcomes (out of 3) Total

Representativeness of
exposed cohort

Selection of
non-exposed
cohort

Ascertainment of
exposure

Outcome not
present at the
start of the study

Assessment of
outcomes

Length of
follow-up

Adequacy of
follow-up

(out of 9)

Chen 1 1 1 1 2 1 1 8
Cui 1 1 1 1 1 1 1 7
Gong 1 1 1 1 1 1 1 7
Hong 1 1 1 1 2 1 1 1 9
Huang 1 1 1 1 2 1 1 8
Ito 1 1 1 1 1 1 6
Kim EY 1 1 1 1 1 1 1 7
Kim HB 1 1 1 1 1 1 1 7
Lu 1 1 1 1 2 1 1 8
Miao 1 1 1 1 1 1 1 7
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effect of LATG has been confirmed in previous studies [31], although
the procedure is associated with several limitations. Extracorporeal
anastomosis with LATG requires an auxiliary incision, in order to re-
construct the digestive tract extracorporeally. In some cases, such as in

obese patients, the laparotomy needs to be extended to obtain a better
operative view. In addition, LATG results in high tension in the extra-
corporeal anastomosis, which could damage the surrounding tissue in
certain cases. Extracorporeal anastomosis with increased tension will

Fig. 2. Meta-analysis of pooled data on surgery time. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI: confidence
interval; SD: standard deviation.

Fig. 3. Meta-analysis of pooled data on anastomosis time. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI: confidence
interval; SD: standard deviation.

Fig. 4. Meta-analysis of pooled data on intraoperative blood loss. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval; SD: standard deviation.

Fig. 5. Meta-analysis of pooled data on the number of retrieved lymphatic nodes. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total
gastrectomy; CI: confidence interval; SD: standard deviation.
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increase the risk of anastomosis-related complications, particularly
anastomotic leakage and hemorrhage. TLTG can overcome these defi-
ciencies. Intracorporeal anastomosis with TLTG is usually performed in
a narrow surgical space, and the anastomosis is more tension-free. This
technique avoids direct contact with the tumor, and is associated with
reduced incision length and decreased exposure of the surgical area.
The technique is also less invasive and traumatic than LATG. TLTG is
not widely used as intracorporeal esophagojejunostomy is difficult to
perform. Therefore, LATG remains the most commonly used technique
for LTG. In recent years, however, several anastomotic techniques for
TLTG have been described, including hand-sewn esophagojejunostomy

[32], the single stapling technique with a circular stapler [33], double
stapling technique with a circular stapler [34], functional end-to-end
anastomosis with a linear stapler (FETEA) [35], and side-to-side ana-
stomosis with a linear stapler (overlap) [36]. Due to the complicated
surgery involved, hand-sewn esophagojejunostomy is not widely used.
Instead, a circular stapler is most commonly used for digestive re-
construction, and surgeons are familiar with the technical essentials
and operation methods involved. The single and double stapling tech-
niques with a circular stapler are 2 methods of for esophagojejunostomy
in TLTG. The main difficulty associated with esophagojejunostomy
using a circular stapler involves the insertion of the anvil head and

Fig. 6. Meta-analysis of pooled data on the proximal resection edge. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval; SD: standard deviation.

Fig. 7. Meta-analysis of pooled data on the distal resection edge. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval; SD: standard deviation.

Fig. 8. Meta-analysis of pooled data on incision length. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI: confidence
interval; SD: standard deviation.

Fig. 9. Meta-analysis of pooled data on postoperative hospitalization duration. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total
gastrectomy; CI: confidence interval; SD: standard deviation.
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purse‐string under laparoscopy. Compared with circular staplers, linear
staplers can be inserted into the abdominal cavity via a trocar, and can
complete digestive reconstruction without the need for an auxiliary
incision. Furthermore, the anastomosis width is sufficient with this
method, which reduces the risk of anastomotic stenosis. The FETEA
method was initially proposed for esophagojejunostomy using a linear
stapler, but the overlap technique was subsequently used in most cases.
Compared with the FETEA method, the overlap method does not re-
strict the peri-hiatal space, which reduces the overall anastomotic
tension. However, there is no standard method for determining the
optimal intracorporeal anastomotic technique. The popularity of TLTG
has been gradually increasing. Nevertheless, due to the lack of rando-
mized clinical trials (RCTs), the therapeutic effect and safety of TLTG
remain controversial. In the present meta-analysis, we aimed to offer an
objective evaluation between TLTG and LATG.

Due to the technical difficulty associated with the procedure, and
because most surgeons are more experienced in performing LATG than
TLTG, TLTG is usually considered to be time-consuming. However, we
found that the operation time and anastomosis time between TLTG and
LATG were comparable. In fact, several studies have shown that the
operation time and anastomosis time were lower with TLTG than with
LATG [23,29]. There are several possible reasons for this. First, TLTG
has become more simple to perform with modified intracorporeal

anastomosis techniques. Second, the surgical space in TLTG is wider
than that in LATG. Third, no additional incision is needed with TLTG,
which could avoid the prolongation of the operation time. Surgeons
need to be more skillful to perform TLTG, and sufficient practice helps
in overcoming the initial learning-curve and leads to decreases in the
operation time. In addition, the amount of blood loss with TLTG is
lower than that with LATG, which could be attributed to the following
reasons. First, the incision is shorter in TLTG, which may lead to re-
duced bleeding. Second, TLTG yields a clearer operative field, which
could prevent unnecessary damage and reduce bleeding. Third, TLTG
effectively reduces tissue retraction, which might decrease the risk of
bleeding due to excessive traction. Finally, the difference in the oper-
ating skill and technique could lead to differences in the amount of
bleeding. Furthermore, cosmesis is better in the TLTG group due to the
shorter incision length needed.

In the present analysis, we found that TLTG was associated with a
shorter hospitalization duration and time to first diet, both of which are
major parameters of postsurgical recovery. Huang et al. [25] reported
that patients in the TLTG group had less pain than those in the LATG
group. Thus, we infer that TLTG yields faster recovery and lower in-
vasiveness.

The occurrence of postsurgical complications is an important issue
in surgery. Severe postsurgical complications could increase the

Fig. 10. Meta-analysis of pooled data on the time to first flatus. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval; SD: standard deviation.

Fig. 11. Meta-analysis of pooled data on the time to the first fluid diet. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy;
CI: confidence interval; SD: standard deviation.

Fig. 12. Meta-analysis of pooled data on the time to the first soft diet. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval; SD: standard deviation.
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duration of hospital stay and treatment cost, and could affect the
prognosis. Nevertheless, we did not find any difference between the 2
groups. Anastomosis-related safety was an important issue in patients
who underwent TLTG, which was closely associated with the use of
intracorporeal esophagojejunostomy. The risk of anastomotic leakage,
anastomotic stenosis, and anastomotic hemorrhage in the TLTG and
LATG groups was comparable. TLTG did not lead to an increase in the
risk of anastomotic complications, and can hence be considered as a
safe technique.

With regard to tumor resection, the number of retrieved lymph
nodes and surgical resection edge are major indicators of oncology
outcomes. The amount of retrieved lymphatic nodes in the TLTG group
was significantly greater than that in the LATG group, which differed
from the result of Zheng et al. [37]. Although the cause of this differ-
ence is unclear, a possible reason might be the close association with
surgeon experience in lymphadenectomy and the difference in tumor
size or classification. We also found that the proximal resection edge
and distal resection edge did not differ between the 2 groups, and
hence, the oncology outcomes of TLTG were not inferior to those of
LATG.

LTG which is believed to be difficult, can be more efficient via
systematic learning. Hence, it is important to recognize the learning
curve involved. Yasukawa et al. [38] collected the clinical data of 81
patients who underwent LTG, and defined 3 periods based on the eso-
phagojejunostomy procedure: (1) various conventional processes based
on surgeon choice (n=14); (2) use of the transoral method (n=51);
and (3) use of intracorporeal esophagojejunostomy (n= 18). Compared

with patients in period 1, those in period 2 had a higher lymph node
yield and lower blood loss. Moreover, the lymph node yield was higher
in period 3 than in period 2. Patients will achieve greater benefits once
the esophagojejunostomy procedure has been well established. Kuni-
saki et al. [39] reported that after completing 30 cases, the learning
curve of lymph node dissection (assessed based on time) flattens. In
addition, after completing 40 cases, the learning curve of digestive re-
construction (assessed based on time) flattens. Compared with LDG,
studies on the learning curve of LTG are scarce, and hence, we cannot
offer any definitive conclusions. Nevertheless, a certain amount of
training is required to complete LTG, particularly TLTG, and hence, we
recommend that surgeons require repeated practice to perfect the
technique.

We did not evaluate the long-term outcomes in the present study.
Only 1 study reported an exact follow-up time and survival values. In
that study, the follow-up duration ranged from 4 to 26 months, and the
mean follow-up was 13 months. The researchers compared overall
survival, tumor recurrence, and metastasis during the follow-up period,
and did not observe any significant differences in these parameters
between the TLTG and LATG groups [24]. Hence, further studies are
needed to evaluate the long-term survival of TLTG.

Nevertheless, the present study had certain limitations. First, all the
included studies were conducted in Asian countries, which made the
results more applicable to the population in East Asian countries than to
the population in Western countries. Second, all the studies were ret-
rospective in nature, and no RCTs or blinded studies were included in
this meta-analysis. Due to the retrospective nature of the studies, there

Fig. 13. Meta-analysis of pooled data on overall postsurgical complications. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gas-
trectomy; CI: confidence interval.

Fig. 14. Meta-analysis of pooled data on anastomotic leakage. TLTG: totally laparoscopic total gastrectomy; LATG: laparoscopic-assisted total gastrectomy; CI:
confidence interval.
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is also a risk of bias. Third, although we included all the relevant
publications from our search, the sample size may not be sufficient.
Hence, additional RCTs and large-scale studies need to be included.
Fourth, several intracorporeal techniques were included in our meta-
analysis, and the difference between these techniques was ignored;
however, this could lead to high heterogeneity. Finally, the surgery was
conducted in different medical institutions, and no uniform criteria
were used, which could affect the results.

In conclusion, compared to LATG, TLTG is an easy technique that
may yield better cosmesis, lower invasiveness, and faster recovery.
Nevertheless, additional large-scale studies are needed from different
countries.
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