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Abstract

Objective: Laparoscopic gastrectomy has been established as a standard treatment for early gastric cancer, and its

use is increasing recently. Compared with the conventional laparoscopy-assisted distal gastrectomy (LADG), totally

laparoscopic distal gastrectomy (TLDG) involves intracorporeal reconstruction, which can avoid the additional

incision, resulting in pain reduction and early recovery. This study aimed to compare the short-term postoperative

outcomes of TLDG vs. LADG in gastric cancer in a high-volume center.

Methods: A retrospective cohort study was conducted on 1,322 patients who underwent laparoscopic distal

gastrectomy from June 2012 to June 2017 at the National Cancer Center, Korea. LADG was performed in the

early period before July 2015, and TLDG was applied in the later period. Postoperative short-term outcomes were

compared in terms of complication and clinical course between the two groups. Pain score was measured by rating

the pain intensity from 0 to 10 points on postoperative day (POD) 1 and 3.

Results: A total of 667 patients underwent LADG and 655 patients underwent TLDG. Clinicopathologic

characteristics were not different in both groups. Intraoperative estimated blood loss (EBL) was significantly lower

in the TLDG group (P<0.001). Postoperative pain scores were significantly lower in the TLDG group than in the

LADG group on POD 1 (5.1±1.5 vs. 4.8±1.4, P=0.015). First flatus passage after operation was significantly earlier

in the TLDG group (3.4±0.8 d vs. 3.2±0.6 d, P<0.001). There were no differences in postoperative complications

and hospital stay between the two groups.

Conclusions: Based on the reported short-term postoperative outcomes, TLDG is safe and feasible as well as

LADG. Moreover, compared with LADG, TLDG can reduce intraoperative EBL and postoperative pain and

enhance the bowel motility in gastric cancer surgery.
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Introduction

Laparoscopic surgery has been established as a standard
treatment for early gastric cancer since long-term outcomes
and  better  short-term  surgical  outcomes  have  been
reported.  Numerous  studies  have  demonstrated  that

laparoscopic surgery has many advantages, such as less pain,

less  wound  complications,  cosmetic  effect,  and  shorter

hospital  day  over  open  surgery  (1-3).  However,  most

previous  studies  have  only  reported  the  advantages  of

laparoscopic-assisted  distal  gastrectomy (LADG) using
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extracorporeal anastomosis which requires at least 4−5 cm
incision in the upper abdomen.

Intracorporeal anastomosis can be made during totally
laparoscopic distal gastrectomy (TLDG) without the need
for  additional  incision  for  extracorporeal  anastomosis,
thereby reducing postoperative pain,  analgesic  use,  and
wound infections and providing a better cosmetic effect
(4-6). In addition, TLDG using intracorporeal anastomosis
offers better visual field and working space compared to
LADG using extracorporeal anastomosis reconstruction.
This advantage can reduce tension of the anastomosis site
and possibility of adjacent tissue damage (7,8).

Several studies have reported that TLDG has similar or
better  short-term  surgical  outcomes  than  LADG.
However,  because  of  the  technical  difficulties  of
intracorporeal anastomosis with linear stapler manipulation
and the need for accumulated experience of laparoscopic
surgery (9,10), TLDG has not been performed popularly
until  now,  and  there  are  only  a  few  reports  of  a  large
number  of  patients  with  various  reconstruction  types.
Hence,  this  study was conducted to compare the short-
term postoperative outcomes of TLDG versus LADG in
gastric  cancer  to  analyze  the  feasibility  and  safety  of
intracorporeal anastomosis on a large scale using various
reconstruction methods.

Materials and methods

Patients and inclusion criteria

From June 2012 to June 2017, a total of 1,418 patients who
were treated with laparoscopic radical distal gastrectomy at
the  National  Cancer  Center  due  to  primary  gastric
adenocarcinoma were enrolled. LADG was performed in
the early period (from June 2012 to July 2015), and TLDG
was performed in the later period (from July 2015 to June
2017).  Of  these  patients,  combined  resection,  other
synchronous  malignancies,  and  those  with  a  history  of
preoperative chemotherapy were excluded. The remaining
1,322 patients were enrolled in the study. LADG with a
stapler anastomosis or hand-sewn suture was performed in
667 patients, and TLDG with linear stapler was performed
in 655 patients (Figure 1). In LADG, epigastric incision was
made longitudinally for gastrojejunostomy and transversely
for  gastroduodenostomy.  In  TLDG,  Billroth  I  (BI)
anastomosis was performed as side-to-side gastroduodeno-
stomy  using  a  linear  stapler  (delta  anastomosis)  (11).
Billroth  II  (BII)  anastomosis  was  made  using  a  linear

stapler,  and closure of  the entry hole of  the stapler was
performed using continuous suture.

Evaluation of operative outcomes

Distal  gastric  cancer was preoperatively diagnosed with
endoscopy with biopsy, and computed tomography (CT) to
assess tumor site, depth of invasion, extent of lymph node
metastasis, and metastatic disease.

Clinicopathologic  factors  of  enrolled  patients  were
retrospectively  analyzed  including  patients’  sex,  age,
preoperative  body  mass  index  (BMI),  co-morbidity
represented by American Society of Anesthesiologist (ASA)
score,  tumor size,  location, stage,  extent of lymph node
dissection,  and  reconstruction  type.  Surgical  outcomes
included  operating  time,  estimated  blood  loss  (EBL),
proximal/distal margin, postoperative pain score and first
flatus  passage  time  after  operation,  hospital  day  after
operation, and postoperative complications. Pain score was
measured by asking the patients the intensity of pain from 0
to 10 points on postoperative day 1 (POD 1) and POD 3.
Postoperative complications were investigated according to
the Clavien-Dindo classification (12).  White  blood cell
(WBC) count, C-reactive protein (CRP) at POD 1 and 3
were  analyzed  to  compare  postoperative  inflammatory
response between the two groups. Subgroup analysis was
performed to compare the reconstruction type between BI
and BII anastomoses.

This  study was  approved by  the  Institutional  Review
Board  of  the  National  Cancer  Center  (approval  No.
NCC2018-0129).

 

Figure  1  Patients  inclusion  flowchart.  LADG,  laparoscopy-
assisted distal  gastrectomy;  TLDG, totally  laparoscopic  distal
gastrectomy.
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Statistical analysis

All analyses were performed using SAS®  for Windows®

(Version  9.1.3;  SAS  Institute  Inc.,  Cary,  NC,  USA).
Categorical variables were compared using the Pearson χ2

test.  Continuous variables  were expressed as   of  the
mean  or  median  (range)  and  compared  using  t-test  or
Wilcoxon  rank  sum  test  as  appropriate.  A  logistic
regression  analysis  was  used  to  test  univariate  and
multivariate associations between variables to investigate
risk  factors  of  postoperative  complication.  Statistical
significance was set at two-sided, P<0.05.

Results

Patient characteristics

Patient characteristics were compared between TLDG and
LADG  groups  (Table  1).  pT  category  (P=0.01)  was
significantly  higher  in  the  TLDG  group  because  the
indication of laparoscopy was extended in the later period.
Cancer  stage  was  also  marginally  higher  in  the  TLDG
group, but without statistical significance (P=0.05). D2 or
more  lymph  node  dissection  was  performed  more
frequently in the TLDG group (P=0.03).

Intraoperative and postoperative outcome

Intraoperative EBL was minimal in the TLDG group than
in the LADG group (P<0.001). The proximal margin was
significantly  longer  in  the  TLDG  group  (P<0.001).
Postoperative pain score in POD 1 was significantly lower
in the TLDG group (5.1±1.5 vs.  4.8±1.4,  P=0.015),  but
postoperative pain score in the POD 3 was similar between
the two groups. The first flatus passage after the operation
was significantly earlier in the TLDG group than in the
LADG group (3.4±0.8 d vs. 3.2±0.6 d, P<0.001) (Table 2).

Laboratory test results are shown in Table 3. WBC and
CRP were marginally lower in the TLDG group, but the
differences were not statistically significant. While in POD
5,  CRP  was  significantly  lower  in  the  TLDG  group
(8.7±5.4 mg/L vs. 7.4±6.0 mg/L, P<0.001).

Postoperative complication

The overall complication rates were 13.8% (92/667) in the
LADG  group  and  13.0%  (85/655)  the  TLDG  group
(Table 4). Wound complications (2.4% vs. 2.3%, P=0.96)
and anastomotic  leakage  (2.1% vs.  2.0%,  P=0.88)  were
similar between the two groups. There were no significant

differences in severe complications between the two groups
(P=0.20).

Clinicopathologic factors were compared for analysis of
risk  factor  related  to  postoperative  complications.  In
univariate analysis, ASA score (P=0.001) and operation time
(P<0.001)  were  statistically  related  to  postoperative
complications. In multivariable analysis, ASA score [odds
ratio  (OR)=1.35,  2.36;  P=0.04]  and  operation  time
(OR=1.64; P=0.002) were statistically significant (Table 5).

Subgroup analysis depending on reconstruction type

In the comparison of postoperative outcomes according to
the reconstruction type, the operating time in TLDG was
longer than that in LADG with BI anastomosis (P<0.001),
while it was not significant in BII anastomosis. EBL was
lower  in  TLDG  regardless  of  the  reconstruction  type
(P<0.001). Hospital stays were longer after TLDG with BI
(P=0.01).  Flatus  passage  was  significantly  earlier  after
TLDG with  BII  than  LADG (P<0.001).  Complication
rates  were  not  significantly  different  between  the  two
groups in the subgroup analysis (Table 6).

Discussion

The present study demonstrated that TLDG is safe and
feasible compared with LADG in a relatively high number
of patients. Moreover TLDG had several benefits, such as
minimal intraoperative EBL, less postoperative pain, and
enhanced bowel motility over LADG.

Previous studies have shown that TLDG has a better
outcome than LADG (4-6). However, TLDG has several
technical  dif f icult ies  for  several  reasons.  First ,
intracorporeal  anastomosis  requires  more experience of
performing laparoscopic surgery than LADG (9). Second,
complications  might  increase  with  diff iculty  of
manipulating the linear stapler in the early introductory
period  (13,14).  Given  that  there  were  few  large-scale
randomized studies, the advantages of TLDG were debatable.

In the present study, EBL was significantly reduced in
TLDG. This result was similar in other studies (6,13,15).
Anastomosis should be performed in a relatively narrow
operative  field  to  pull  out  remnant  stomach  via  mini
laparotomy during the LADG. However, TLDG has an
advantage of better visual field especially in obese patients
(7,8). Although the present study did not compare obese
patients  separately,  this  advantage  leads  to  reducing
damage to surrounding tissues and decreasing the tension
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on anastomosis site not only in obese patients, but also in
non-obese patients.

In  TLDG,  proximal  resection  margins  should  be
determined in the abdominal cavity without palpation of
the  endoscopic  clip  (16).  Therefore,  a  longer  and safer

length of  the proximal  margin was  kept.  In the present
study, the proximal margin was significantly longer in the
TLDG group than in the LADG group.

Other  studies  have  shown  that  TLDG  reduces
postoperative pain because of the reduced wound size and

Table 1 Patient demographics

Variable
n (%)

P
LADG (N=667) TLDG (N=655)

Sex 0.41

　Male 433 (64.9) 439 (67.0)

　Female 234 (35.1) 216 (33.0)

Age ( ) (year) 59.8±11.9 61.0±12.1 0.06

BMI ( ) (kg/m2) 24.0±3.3 24.1±3.6 0.53
ASA score 0.38

　1 202 (30.3) 232 (35.4)

　2 430 (64.5) 374 (57.1)

　3 or more 35 (5.2) 49 (7.5)

Tumor location 0.64

　Antrum 375 (56.2) 373 (56.9)

　Lower body 284 (42.7) 276 (42.1)

　Mid body 8 (1.2) 6 (1.0)

pT category 0.01

　pT1 557 (83.5) 511 (78.0)

　pT2 63 (9.4) 73 (11.1)

　pT3 38 (5.7) 65 (9.9)

　pT4 9 (1.3) 6 (0.9)

pN category 0.60

　pN0 552 (82.8) 526 (80.3)

　pN1 74 (11.1) 67 (10.2)

　pN2 31 (4.6) 45 (6.9)

　pN3 10 (1.5) 17 (2.6)

Stage 0.05

　I 574 (86.1) 542 (82.7)

　II 71 (10.6) 78 (11.9)

　III 22 (3.3) 35 (5.3)

Lymph node dissection 0.03

　D1+ 587 (88.0) 545 (83.2)

　D2 or more 80 (12.0) 110 (16.8)

Reconstruction 0.16

　Billroth I 180 (27.0) 175 (26.7)

　Billroth II 466 (69.9) 435 (66.4)

　Roux-en-Y 21 (3.1) 45 (6.9)

BMI, body mass index; ASA, American Society of Anesthesiologist; LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally
laparoscopic distal gastrectomy.
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shows superiority in recovery after operation compared to
LADG  (4,15,17,18).  However,  several  studies  have
reported  no  significant  difference  in  the  short-term
outcome  between  TLDG  and  LADG.  A  prospective
randomized  study  reported  no  significant  difference  in
postoperative pain between the two groups (19). Another
retrospective  case-control  study  shows  no  significant
differences in bowel recovery, EBL, and hospital stay (20).
However, the present study found that bowel recovery was
faster in TLDG than in LADG based on the first flatus
passage after operation. Postoperative pain score was lower
only in POD 1 and not significant in POD 3, and there was
no difference in the length of  hospital  stay.  This  slight
difference  in  surgical  outcomes  may  be  due  to  several

Table 2 Postoperative outcomes

Variable LADG (N=667) TLDG (N=655) P

Operation time ( ) (min) 171.0±46.8 177.1±54.1 0.10
EBL [median (range)] (mL) 100.0 (60.0−200.0) 50.0 (20.0−100.0) <0.001*

Proximal margin [median (range)] (cm) 3.0 (1.9−5.0) 4.2 (2.4−6.7) <0.001*

Distal margin [median (range)] (cm) 5.3 (3.5−7.5) 5.0 (3.0−7.6) 0.35*

Postoperative pain score ( )

　POD 1 5.1±1.5 4.8±1.4 0.01

　POD 3 3.4±1.1 3.3±1.3 0.63

First flatus passage after operation ( ) (d) 3.4±0.8 3.2±0.6 <0.001
Hospital day after operation [median (range)] (d) 7.0 (6.0−8.0) 7.0 (7.0−8.0) 0.10*

Readmission [n (%)] 36 (5.4) 29 (4.4) 0.41

EBL, estimated blood loss; POD, postoperative day; LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally laparoscopic
distal gastrectomy; *, Wilcoxon rank sum test.

Table 3 Comparison of laboratory test results between LADG
and TLDG groups

Variable LADG (N=667) TLDG (N=655) P

WBC ( ) (×109/L)

　POD 1 11.1±2.8 10.8±4.1 0.12

　POD 3   8.0±2.8   8.0±2.7 0.73

　POD 5   6.8±2.0   6.7±1.9 0.22

CRP ( ) (mg/L)

　POD 1   5.2±3.6   5.0±2.7 0.32

　POD 3 12.7±7.0 12.3±6.8 0.36

　POD 5   8.7±5.4   7.4±6.0 <0.001

LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally
laparoscopic distal gastrectomy; WBC, white blood cell; POD,
postoperative day; CRP, C-reactive protein.

Table 4 Postoperative complications

Variable
n (%)

P
LADG (N=667) TLDG (N=655)

Postoperative complications 92 (13.8) 85 (13.0) 0.66

Wound complications 16 (2.4) 15 (2.3) 0.96

Respiratory complications 6 (0.9) 5 (0.8) 0.78

Anastomotic leakage 14 (2.1) 13 (2.0) 0.88

Intraluminal bleeding 5 (0.7) 2 (0.3) 0.45

Intra-abdominal bleeding 2 (0.3) 2 (0.3) 1.00

Ileus 16 (2.4) 14 (2.1) 0.75

Stricture 7 (1.0) 7 (1.1) 0.97

Fluid collection 11 (1.6) 7 (1.1) 0.36

Medical complications 15 (2.2) 20 (3.1) 0.80

Severe complications* 27 (4.0) 34 (5.2) 0.20

LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally laparoscopic distal gastrectomy; *, according to Clavien-Dindo
classification III.
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factors.  First,  the  reduction  of  wound  size  is  minimal
between LADG and TLDG. Second, the routine use of

postoperative patient-controlled analgesia can minimize the
pain difference between the two groups.

Table 5 Univariate and multivariate analysis of risk factor for postoperative complication

Variable
n (%)

P
Multivariate analysis

No complication
group (N=1,145)

Complication group
(N=177) OR P

Age (year) 0.11

　<60 577 (50.4) 78 (44.1)

　≥60 568 (49.6) 99 (55.9)

Sex 0.08

　Male 745 (65.1) 127 (71.8)

　Female 400 (34.9) 50 (28.2)

ASA score 0.001 0.04

　1 389 (34.0) 45 (25.4) 1

　2 692 (60.4) 112 (63.3) 1.35 (0.93−1.96)

　3 or more 64 (5.6) 20 (11.3) 2.36 (1.29−4.31)

BMI (kg/m2) 0.37

　<25 732 (63.9) 107 (60.5)

　≥25 413 (36.1) 70 (39.5)

Tumor location

　Antrum 640 (55.9) 108 (61.0)

　Lower body 492 (43.0) 68 (38.4)

　Mid body 13 (1.1) 1 (0.6)

EBL (mL) 0.06

　<100 923 (80.6) 132 (74.6)

　≥100 222 (19.4) 45 (25.4)

Operation time (min) <0.001 0.002

　<180 717 (62.6) 88 (49.7) 1

　≥180 428 (37.4) 89 (50.3) 1.64 (1.19−2.27)

Type of laparoscopy 0.66

　LADG 575 (50.2) 92 (52.0)

　TLDG 570 (49.8) 85 (48.0)

Reconstruction 0.83

　Billroth I 310 (27.1) 45 (25.4)

　Billroth II 779 (68.0) 122 (68.9)

　Roux-en-Y 56 (4.9) 10 (5.6)

Extent of LND 0.51

　D1+ 985 (86.0) 147 (83.1)

　D2 or more 160 (14.0) 30 (16.9)

pStage 0.46

　I 961 (83.9) 155 (87.6)

　II 133 (11.6) 16 (9.0)

　III 51 (4.5) 6 (3.4)

ASA, American Society of Anesthesiologist; BMI, body mass index; EBL, estimated blood loss; LADG, laparoscopy-assisted distal
gastrectomy; TLDG, totally laparoscopic distal gastrectomy; LND, lymph node dissection; OR, odds ratio.
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Inflammatory  parameters  were  marginally  lower  in
TLDG. Only CRP in POD 5 was significantly lower in
TLDG.  Other  studies  have  shown  marginally  or
significantly  lower  inflammatory parameters  in  TLDG,
similar to the present study (18,20,21). This result can also
be  attr ibuted  to  the  advantages  of  performing
intracorporeal  anastomosis,  that  is,  intracorporeal
anastomosis offers a better operative field and can reduce
the damage to the surrounding tissue.

Postoperative complication was not different between
the  two  groups.  Previous  studies  have  reported  no
difference  in  the  postoperative  complications  between
LADG and TLDG (4,14,15,18,19,21).  Theoretically,  a
reduction of incision size in the TLDG may reduce wound
complication,  but  there  is  no  significant  difference  in
wound  complication  rate  between  the  two  approaches.
However, TLDG requires opening of the gastric lumen to
the abdominal cavity during anastomosis, which increased
abdominal infection rate. However, there was no difference
in  abdominal  infection  between  the  two  groups.
Appropriate  decompression  of  gastric  luminal  contents
during anastomosis may be necessary to reduce infection.

In the subgroup analysis  based on the reconstruction
type, TLDG has significantly longer operating time during
BI  gastroduodenostomy.  Because  l inear  stapler
manipulation  requires  more  precise  technique  in  BI
anastomosis  than BII anastomosis  (22),  the anastomosis
process  takes  a  longer  time.  However,  there  is  no

significant difference in complications between the two
groups according to reconstruction type,  which suggest
that  TLDG is  feasible  regardless  of  the  reconstruction
type.

The  present  study  has  several  limitations.  First,  as  a
retrospective  study,  this  study  was  not  performed
concurrently. Surgeon’s learning curve might influence the
surgical outcomes. However, since surgeons had already
experienced  sufficient  number  of  cases  of  laparoscopic
gastric cancer surgery, it might not have a significant effect
on  the  outcome  of  the  study.  Second,  as  indication  of
laparoscopy was extended, more advanced gastric cancer
patients were included,  and patients with D2 dissection
increased in  the  TLDG group.  It  also  might  affect  the
operative outcomes.  Third,  the present study could not
evaluate some important factors such as quality of life and
cost-effectiveness  for  operation  and  long-term survival
outcome.  In  addition,  the  exact  wound length  for  each
patient was not recorded.

Conclusions

Based on the  short-term postoperative  outcome in  this
study,  TLDG  is  safe  and  feasible  as  well  as  LADG.
Moreover,  compared  with  LADG,  TLDG  can  reduce
intraoperative EBL and postoperative pain and enhance
bowel motility in gastric cancer surgery.

Table 6 Subgroup analysis according to reconstruction method used

Variable
BI anastomosis

P
BII anastomosis

P
LADG (N=180) TLDG (N=175) LADG (N=466) TLDG (N=435)

Operating time ( ) (min) 192.97±35.18 211.88±42.79 <0.001 161.95±47.18 156.77±43.58 0.88
EBL [median (range)] (mL) 135 (100−200) 50 (20−93) <0.001* 100 (50−200) 50 (30−100) <0.001*

Proximal margin [median (range)] (cm) 3.5 (2.0−5.3) 4.1 (2.3−6.9) 0.03* 2.9 (1.7−4.6) 4.0 (2.4−6.4) <0.001*

Distal margin [median (range)] (cm) 5.1 (4.0−6.5) 5.1 (3.5−7.6) 0.54* 5.4 (3.2−7.8) 4.9 (2.6−7.5) 0.26*

Postoperative pain score ( )

　POD 1 5.09±1.67 4.83±1.50 0.18 5.01±1.49 4.84±1.40 0.12

　POD 3 3.24±1.34 3.34±1.21 0.52 3.46±1.21 3.36±1.30 0.28
First flatus passage after
operation ( ) (d) 3.56±0.85 3.39±0.71 0.81 3.42±0.84 3.23±0.62 <0.001

Hospital day [median (range)] (d) 6 (5−7) 7 (7−8) 0.01* 7 (6−7) 7 (7−8) 0.65*

Readmission [n (%)] 9 (5.0) 4 (2.3) 0.25 25 (5.4) 21 (4.8) 0.71

All complications [n (%)] 19 (10.6) 26 (14.9) 0.22 68 (14.6) 54 (12.4) 0.34

Severe complications ** [n (%)] 5 (2.8) 12 (6.9) 0.07 21 (4.5) 21 (4.8) 0.81

EBL, estimated blood loss; POD, postoperative day; LADG, laparoscopy-assisted distal gastrectomy; TLDG, totally laparoscopic
distal gastrectomy; *, Wilcoxon rank sum test; **, according to Clavien-Dindo classification III.
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