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Summary
Aim:  To  perform  a  systematic  review  and  meta-analyses  of  studies  comparing  the  totally  laparo-
scopic procedures  with  intracorporeal  anastomosis  (IA)  to  laparoscopic-assisted  surgery  with
extracorporeal  anastomosis  (EA)  in  gastric  resections.
Methods:  We  performed  a  systematic  search  in  the  electronic  databases.  Outcomes  anal-
ysed were:  intraoperative  (operative  time  and  intraoperative  blood  loss),  oncologic  (harvested
nodes, distance  of  the  tumour  from  proximal  and  distal  margin),  postoperative  complications
(gastric stasis,  intraluminal  and  extraluminal  bleeding,  leakage  and  wound  infection)  recovery
(time to  first  flatus,  time  to  first  oral  intake  and  hospital  stay).  We  performed  meta-regression
analyses after  implementing  a  regression  model  with  the  analysed  outcomes  as  dependent
variables (y)  and  the  demographic  and  pathologic  covariates  as  independent  variables  (x).
Results: A  total  of  26  studies  (20  on  distal  gastrectomy  and  6  on  total  gastrectomy)  were
included in  the  final  analysis.  Regarding  distal  gastrectomy,  there  was  no  statistical  difference
between  the  two  groups  in  the  above-mentioned  outcomes,  except  for  intraoperative  blood  loss
(less in  IA  group,  P  =  0.003),  number  of  harvested  nodes  (better  in  the  IA  group,  P  =  0.022)  and
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distal gastric  resections,  bu
Conclusion:  We  can  state  la
formed by  expert  surgeons.
are needed  to  confirm  the  b
© 2019  Elsevier  Masson  SAS

ntroduction

astric  cancer  represents  worldwide  the  third  cause  of
ancer-related  death  for  men  and  the  fifth  for  women  [1].

The  most  effective  treatment  for  resectable  gastric  can-
er  is  represented  by  surgery.

Since  its  introduction  in  the  90s,  laparoscopy  has  gained
 lot  of  consent  among  surgeons,  being  connected  to  less
ostoperative  pain,  shorter  hospital  stays  and  better  cos-
etic  outcome.  These  benefits,  of  course,  apply  also  on

astric  surgery.  Laparoscopic  approach  for  the  treatment  of
arly  gastric  cancer  has  been  demonstrated  to  be  equiva-
ent  to  the  open  approach,  and  became  widely  accepted
nd  worldwide  performed  [2,3].

In  opposition,  the  role  of  laparoscopy  in  the  treatment
f  advanced  gastric  cancer  is  still  an  open  issue,  lacking
trong  evidence-based  data  about  the  equivalence  between
inimal  invasive  techniques  and  the  traditional  approach  in

erms  of  oncologic  and  long-term  outcomes.
Moreover,  it  is  important  to  underline  how  doubts  do  not

nly  focus  on  the  approach  itself  but  also  on  the  type  of  anas-
omosis  to  avoid  short  and  long-term  complications,  even  if  a
otally  laparoscopic  approach  is  often  associated  with  faster
ecovery  and  a  shorter  length  of  hospital  stay.

To  better  understand  the  role  of  laparoscopy  in  advanced
astric  cancer  treatment,  we  performed  a  meta-analysis

f  the  most  recent  studies  comparing  the  totally  laparo-
copic  procedures  (with  intracorporeal  anastomosis,  IA)  to
aparoscopic-assisted  surgery  (with  extracorporeal  anasto-
osis,  EA)  in  gastric  resections.

aterials and Methods

 protocol  for  this  review  and  meta-analysis  was  prospec-
ively  developed,  detailing  specific  objectives,  criteria  for
tudy  selection,  approach  to  assess  study  quality,  outcomes,
nd  statistical  methods.

Selection  criteria  were  defined  using  the  PICO  (Prob-
em/Population,  Intervention,  Comparison  and  Outcome)
ramework.  Participants  included  adult  population  affected
y  histologically  proven  gastric  cancer.  Two  types  of  surgical
echniques  of  laparoscopic  distal  or  total  gastrectomy  were
ncluded,  totally  laparoscopic  gastrectomy  with  IA  and
aparoscopic-assisted  gastrectomy  with  EA.  No  restrictions
ere  placed  about  the  fashion  of  anastomosis  and  the  anas-

omosis’  technique,  stapled  or  handsewn.  In  all  included
tudies,  we  analysed  intraoperative  outcomes,  short-term
utcomes,  distinguishing  oncologic  outcomes,  postopera-
ive  complications  and  postoperative  recovery  outcomes.
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in  the  IA  group,  P  =  0.037).  Regarding  total  gastrectomy,  there
 all  outcomes,  except  for  the  distal  margin  (further  in  the  EA
n  analysis  showed  that  a  lot  of  variables  influenced  results  in

 in  total  gastric  resections.
copic  gastric  resections  with  IA  are  safe  and  feasible  when  per-
ever,  new  well-designed  studies  comparing  the  two  techniques
ts  of  laparoscopic  IA.

rights  reserved.

rimary  outcome  measures  were  postoperative
omplications  that  included  gastric  stasis,  intra-  and
xtraluminal  bleedings,  anastomotic  leakage  and  wound
nfections.  Secondary  outcomes  were  intraoperative  out-
omes  (operating  time  and  intraoperative  blood  loss),
ncologic  outcomes  (number  of  harvested  nodes  and  dis-
ance  of  the  tumour  from  the  proximal  and  distal  resection
argins),  and  postoperative  recovery  outcomes,  including

ime  to  first  flatus  and  length  of  hospital  stay.

iterature search

 detailed  search  was  conducted  according  to  PRISMA
Preferred  Reporting  Items  for  Systematic  reviews  and  Meta-
nalyses)  guidelines  [4].  We  performed  a  systematic  search

n  the  electronic  databases  (PubMed,  Web  of  Science,  Sco-
us,  EMBASE),  using  the  search  strings:  (intracorporeal  or
otally  laparoscopic)  and  gastric  and  cancer.  All  the  studies
ince  1990  to  2017  were  analysed.  The  last  search  was  per-
ormed  on  30th  November  2017.  In  the  search  strategy  only
nglish  speaking  studies  were  included.  No  trial  duration  or
nclusion  period  limitation  was  applied.  In  addition,  the  refe-
ence  lists  of  all  retrieved  articles  were  manually  reviewed.
n  case  of  missing  data,  study  authors  were  contacted  by
-mail  to  try  to  retrieve  original  data.
tudy selection

wo  independent  authors  analysed  each  article  and  per-
ormed  the  data  extraction  independently.  In  case  of
isagreement,  a  third  investigator  was  consulted.  Dis-
repancies  were  resolved  by  consensus.  Selection  results
howed  a  high  inter-reader  agreement  (�  =  1)  and  have  been
eported  according  to  PRISMA  flowchart  (Supplementary
ata).

ata extraction and quality assessment

ccording  to  the  pre-specified  protocol,  all  studies  compar-
ng  totally  laparoscopic  or  laparoscopic-assisted  anastomosis
fter  distal  or  total  gastrectomy  for  gastric  cancer  were
ncluded.  Case-reports,  case-series  without  a  control  group,
eviews,  animal  studies  and  non-English  speaking  studies
ere  excluded.  To  be  included  in  the  analysis,  the  retrieved

tudy  had  to  provide  a  detailed  technique  description  and
 clear  case  selection  criterion.  In  case  of  overlap  between
entres  or  authors,  the  most  recent  study  or  the  one  with
igher  quality  was  selected.

Data  regarding  sample  size,  major  clinical  and  demo-
raphic  variables,  oncologic  outcomes  and  postoperative
ecovery  and  complications  were  extracted.
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Given  the  characteristics  of  the  included  studies,  the
evaluation  of  methodological  quality  of  each  study  was  per-
formed  with  the  Newcastle-Ottawa  Scale  (NOS),  which  is
specifically  developed  to  assess  quality  of  non-randomized
observational  studies  [5].  The  scoring  system  encompasses
three  domains  (selection,  comparability,  exposure)  and  a
resulting  score  range  between  0  and  9,  a  higher  score  rep-
resenting  a  better  methodological  quality.  Results  of  the
NOS  quality  assessment  are  reported  in  Supplementary  data
[6—31].

Statistical analysis and risk of bias assessment

Statistical  analysis  and  risk  of  bias  assessment  was  car-
ried  out  using  Comprehensive  Meta-Analysis  [Version  2.2,
Biostat  Inc,  Englewood,  NJ,  USA,  2005]  provided  by
Biostat  Inc.

Differences  among  cases  and  controls  were  expressed
as  mean  difference  (MD)  with  pertinent  95%  confidence
intervals  (95%CI)  for  continuous  variables,  and  as  Risk  Differ-
ence  (RD)  with  pertinent  95%CI  for  dichotomous  variables.
The  overall  effect  was  tested  using  Z  scores  and  signifi-
cance  was  set  at  P  <  0.05.  Statistical  heterogeneity  between
studies  was  assessed  with  chi-square  Cochran’s  Q  test  and
with  I2 statistic,  which  measures  the  inconsistency  across
study  results  and  describes  the  proportion  of  total  varia-
tion  in  study  estimates,  that  is  due  to  heterogeneity  rather
than  sampling  error.  In  detail,  I2 values  of  0%  indicate  no
heterogeneity,  25%  low,  25—50%  moderate,  and  50%  high
heterogeneity  [32].

Publication  bias  was  assessed  by  the  Egger’s  test  and
represented  graphically  by  funnel  plots  of  the  standard
difference  in  means  versus  the  standard  error.  Visual  inspec-
tion  of  funnel  plot  asymmetry  was  performed  to  address
for  possible  small-study  effect.  A  P  <  0.10  was  considered
statistically  significant  [33].  In  case  of  a  significant  publi-
cation  bias,  the  Duval  and  Tweedie’s  trim  and  fill  method
was  used  to  allow  for  the  estimation  of  an  adjusted  effect
size  [34].

In order  to  be  as  conservative  as  possible,  the  random-
effect  method  was  used  for  all  analyses  to  take  into  account

the  variability  among  included  studies.

Meta-regression analyses

We  hypothesized  that  differences  among  included  stud-
ies  may  be  affected  by  demographic  and  clinical  variables
(mean  age,  male  gender,  BMI,  ASA  Score,  previous  abdom-
inal  surgery)  and  clinical  data  related  to  disease  activity
(tumoral  stage).  To  assess  the  possible  effect  of  such
variables  in  explaining  different  results  observed  across
studies,  we  planned  to  perform  meta-regression  analyses
after  implementing  a  regression  model  with  the  analysed
outcomes  (operating  time,  intraoperative  blood  loss,  lymph
nodes  retrieved,  proximal  and  distal  margin  of  resection,
flatus,  return  to  oral  intake,  hospital  stay,  gastric  stasis,
postoperative  bleedings,  anastomotic  leak  and  wound  infec-
tion)  as  dependent  variables  (y)  and  the  above-mentioned
covariates  as  independent  variables  (x).  We  also  performed
a  meta-regression  analysis  after  implementing  a  regres-
sion  model  with  these  mentioned  outcomes  as  dependent
variables  (y)  and  the  difference  of  the  above-mentioned
covariates  between  the  two  groups  (IA  and  EA)  as  inde-
pendent  variables  (x),  to  exclude  potential  risk  of  patients’
allocation.  This  analysis  was  performed  with  Comprehensive
307

Meta-Analysis  [Version  2.2,  Biostat  Inc,  Englewood  NJ,  USA
(2005)].

Results

Study selection

After  excluding  duplicate  results,  the  search  retrieved  438
articles.  Of  these  studies,  201  were  excluded  because  they
were  off  the  topic  after  scanning  the  title  and/or  the
abstract,  34  for  language,  5  because  regarding  animals,
34  because  they  were  case  reports-case  series  (26  and  8
respectively),  41  because  they  were  review.  Of  28  studies
the  on-line  full-length  version  was  not  available,  and  it  was
not  possible  to  extract  data  from  the  on-line  abstract.  All
data  were  retrieved  within  articles,  and  no  e-mail  was  sent
to  the  authors  to  obtain  adjunctive  data.  Other  69  studies
were  excluded  after  full-length  paper  evaluation:  40  were
non-comparative  studies,  29  for  lack  of  data.  Thus,  26  stud-
ies  [6—31], whereof  20  on  distal  gastrectomy  [6—25]  and
6  on  total  gastrectomy  [26—31],  were  included  in  the  final
analysis  (Supplementary  data).

Distal Gastrectomy

Studies characteristics
Twenty  studies  on  distal  gastrectomy  were  included,  involv-
ing  3818  patients:  1424  with  IA  and  2394  with  EA  [6—25].  All
studies  were  retrospective,  except  for  the  studies  by  Woo
et  al.  and  Song  et  al.,  that  were  a  randomized  controlled
trial  and  a  prospective  observational  study,  respectively
[11,21].  Major  characteristics  of  studies  are  shown  in
Table  1. Number  of  patients  varied  from  27  to  642,  the  mean
age  from  55  to  72  years,  and  the  prevalence  of  male  gender
from  36.36%  to  69.6%.  Mean  body  mass  index  (BMI)  varied
from  21  kg/m2 to  27.8  kg/m2.  Prevalence  of  patients  with
AJCC  stage  I  varied  from  45.4  to  100%,  with  stage  II  from  1.6
to  25.3%,  with  stage  III  from  0  to  33%  and  with  stage  IV  from
0.4  to  1.4%.  Only  one  study  included  patients  with  stage  IV

cancer  [17].  Technical  aspects  of  each  surgical  technique  are
summarized  in  Table  S1,  Supplementary  data.  In  all  studies,
anastomosis  was  performed  using  linear  or  circular  stapler,
except  for  the  study  by  Lee  et  al.,  Ikeda  et  al.  and  Song
et  al.  [19,21,22],  who  performed  handsewn  anastomosis  in
extracorporeal  group.  There  is  a  large  variation  among  the
studies  regarding  the  type  of  anastomosis.  Regarding  site
extraction,  all  authors  performed  a  median  periumbilical  ora
supraumbilical  incision.

Intraoperative outcomes
Intraoperative  outcomes  are  shown  in  Fig.  1.  Operative
time  was  reported  by  19  authors  [6—9,11—25],  involving
3791  patients,  1408  IA  and  2383  EA,  with  no  statis-
tically  significant  difference  between  the  two  groups
(MD  =  −4.231,  P =  0.327,  95%  CI  −12.695,4.232)  and  a  sta-
tistically  significant  heterogeneity  (I2  =  92.032%;  P  <  0.001).
Intraoperative  blood  loss  was  analysed  by  15  authors
[6—9,11—13,15,17,18,20—23,25],  involving  2815  patients,
1060  IA  and  1755  EA,  with  a  statistically  significant
difference  between  the  two  groups  in  favour  of  the
IA  (MD  = −51,257,  P  =  0.003,  95%  CI  −85.579,  −16.935)
and  a  statistically  significant  heterogeneity  (I2  =  97.976%;
P  <  0.001).
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Table  1  Characteristics  of  the  included  studies  about  distal  gastrectomy.

Author  Year  Type  of  analysis  Number  of  patients  Fashion  of  anastomosis  Number  of  patients

Lee  et  al.  2015  Retrospective  132  Intracorporeal  33
Extracorporeal  99

Choi  et  al.  2013  Retrospective  72  Intracorporeal  37
Extracorporeal  35

Ahn  et  al.  2013  Retrospective  301  Intracorporeal  71
Extracorporeal  230

Kim  et  al.  2013  Retrospective  247  Intracorporeal  111
Extracorporeal  136

Lee  J  et  al.  2012  Retrospective  399  Intracorporeal  130
Extracorporeal  269

Shinohara  et  al.  2015  Retrospective  100  Intracorporeal  57
Extracorporeal  43

Lin  et  al.  2016  Retrospective  642  Intracorporeal  158
Extracorporeal  484

Woo  et  al. 2014  RCT  110  Intracorporeal  55
Extracorporeal  55

Jeong  et  al.  2014  Retrospective  221  Intracorporeal  42
Extracorporeal  179
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Zhang  C  et  al.  2015  Retrospective  36  

Han  et  al.  2014  Retrospective  211  

Kanaji  et  al.  2014  Retrospective  114  

Kim  BS  et  al.  2011  Retrospective  448  

Ichikawa  et  al.  2009  Retrospective  27  

Zhang  et  al. 2015  Prospective 69  

Chen  et  al.  2014  Retrospective  240  

Kim  DG  et  al.  2013  Retrospective  166  

Kinoshita  et  al.  2011  Retrospective  83  

Ikeda  et  al.  2009  Retrospective  80  
Song  et  al.  2008  Prospective  40  

ncologic outcomes
ncologic  outcomes  are  shown  in  Fig.  2.  Number  of  retrieved

ymph  nodes  was  reported  by  17  authors  [7,8,10—14,16—25],
nvolving  3140  patients,  1159  IA  and  1981  EA,  with  a  statisti-
ally  significant  difference  between  the  two  groups  in  favour
f  the  IA  (MD  =  −1.878,  P  =  0.022,  95%  CI  −0.277,  −3.478)
nd  a  statistically  significant  heterogeneity  (I2  =  86.622%;

 <  0.001).
Proximal  margin  was  analysed  by  10  authors

7—9,11,12,16,18,21—23],  involving  1720  patients,  789
A  and  931  EA.  No  statistical  difference  was  assessed
etween  the  two  groups  (MD  =  0.464,  P  =  0.176,  95%  CI
0.208,  1.136).  Heterogeneity  among  these  studies  was

tatistically  significant  (I2  =  92.558%;  P  <  0.001).
Distal  margin  was  reported  by  6  authors  [7,16,18,21—23],

nvolving  1136  patients  (520  IA  and  616  EA),  with  no  sta-
istically  significant  difference  between  the  two  groups
MD  =  0.372,  P  =  0.272,  95%  CI  −0.291,  1.035)  and  with  a
ignificant  heterogeneity  (I2  =  71.432%;  P  =  0.004).
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Intracorporeal  11
Extracorporeal  25
Intracorporeal  134
Extracorporeal  77
Intracorporeal  40
Extracorporeal  74
Intracorporeal  180
Extracorporeal  268
Intracorporeal  16
Extracorporeal  11
Intracorporeal  24
Extracorporeal  45
Intracorporeal  147
Extracorporeal  93
Intracorporeal  60
Extracorporeal  106
Intracorporeal  42
Extracorporeal  41
Intracorporeal  56
Extracorporeal  24

Intracorporeal  20
Extracorporeal  20

ostoperative complications
ostoperative  complications  are  shown  in  Fig.  3.  Gastric
tasis  was  analysed  by  11  authors  [7,12—15,18,20—23,25],
nvolving  patients  (951  IA  and  1646  EA),  with  no  significant
ifference  between  the  two  groups  (RD  =  0.001,  P  =  0.840,
5%  CI  −0.008,  0.010)  and  no  heterogeneity  (I2 =  0.000%;

 =  0.902).
Postoperative  intraluminal  bleeding  was  reported  by  10

uthors  [11—13,17,18,20—23,25],  involving  1825  patients
611  IA  and  1214  EA),  with  no  significant  difference  between
he  two  groups  (RD  =  −0.004,  P  =  0.400,  95%  CI  −0.014,
.005)  and  no  heterogeneity  (I2  =  0.000%;  P  =  0.789).

Postoperative  extraluminal  bleeding  was  analysed  by
3  authors  [7—9,12,13,16,18,20—23,25],  involving  2880
atients  (1122  IA  and  1758  EA),  with  no  significant  differ-
nce  between  the  two  groups  (RD  =  0.001,  P  =  0.814,  95%  CI
0.007,  0.009)  and  no  heterogeneity  (I2  =  0.000%;  P  =  0.925).

Anastomotic  leak  was  reported  by  17  authors
7,8,10—18,20—25], involving  3094  procedures  (1186
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Figure 1. Intraoperative outcomes in distal gastrectomies. a: operativ

IA  and  1908  EA),  assessing  no  significant  difference  between
the  two  groups  (RD  =  0.002,  P  =  0.651,  95%  CI  −0.006,
0.010),  with  no  heterogeneity  (I2  =  0.000%;  P  =  0.988).

Wound  infection  was  analysed  by  11  authors
[9,11—13,16,17,20—23,25],  involving  1884  patients  (726
IA  and  1158  EA),  reporting  no  statistically  significant
difference  between  the  groups  (RD  =  −0.005,  P  =  0.324,
95%  CI  −0.014,  0.005),  with  no  heterogeneity  (I2  =  0.000%;
P  = 0.906).

Postoperative recovery outcomes
Postoperative  recovery  outcomes  are  shown  in  Fig.  4.  Time
to  first  flatus  was  analysed  by  16  authors  [7,8,11—17,19—25],
e time; b: intraoperative blood loss.

involving  2880  (1073  IA  and  1807  EA),  with  no  significant  dif-
ference  between  the  groups  (MD  =  −0.221,  P  =  0.139,  95%  CI
−0.513,  0.071).  Heterogeneity  among  the  studies  was  sig-
nificant  (I2  =  94.966%;  P  <  0.001).

Time  to  first  oral  intake  was  reported  by  8  authors
[7,11—13,19,21,23,25],  involving  1033  patients,  441  IA  and
592  EA,  with  no  statistical  difference  between  the  two
groups  (MD  =  −0.313,  P  =  0.076,  95%  CI  −0.659,  0.033)  and
no  significant  heterogeneity  (I2  =  88.282%;  P  <  0.001).

Length  of  stay  was  reported  by  19  authors  [6—17,19—25],
involving  3419  patients  (1294  IA  and  2125  EA).  Significant
difference  was  observed  in  favour  of  the  IA  (MD  =  −0.569,
P  =  0.037,  95%  CI  −1.106,  −0.033),  with  a  significant  het-
erogeneity  among  the  studies  (I2  =  84.791%;  P  <  0.001).
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ublication bias
he  distribution  of  studies  evaluating  all  the  analysed  out-
omes  was  symmetrical  and  no  publication  bias  was  found
y  the  Egger’s  test,  except  for  harvested  lymph  nodes,  the
istance  of  the  tumour  from  the  proximal  of  the  specimen
nd  time  to  first  oral  intake,  in  which  visual  inspection  sug-
ested  an  asymmetric  distribution  of  studies  around  the
ean  and  the  Egger’s  test  confirmed  a  significant  publication
ias  (Supplementary  data,  Figs.  S1  to  S4).
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eta-regression analysis
egression  models  showed  that  different  patients’  and
umours’  characteristics  influenced  various  of  analysed
utcomes.  A  list  of  significant  results  is  shown  in
able  S2,  Supplementary  data.

Regarding  oncologic  outcomes,  the  number  of  harvested
odes  was  influenced  by  gender,  BMI,  previous  abdominal
urgery  and  AJCC  Stage  of  the  tumour  (Stage  I,  II,  III).  Prox-
mal  margin  was  influenced  by  age,  gender,  BMI,  ASA  Score,
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was  reported  by  all  authors  [26—31], involving  722  patients,
Figure 3. Postoperative complications after distal gastrectomies.
a: gastric stasis; b: postoperative intraluminal bleeding; c: post-
operative extraluminal bleeding; d: anastomotic leak; e: wound
infection.

previous  abdominal  surgery  and  AJCC  Stage  I  and  II  of  the
tumour.  Distal  margin  was  influenced  by  age,  BMI,  tumour’s
AJCC  Stage  I,  II,  III.

Regarding  recovery  outcomes,  time  to  first  flatus  was
influenced  by  age,  gender,  BMI,  mean  ASA  Score  and  previous
abdominal  surgery.  Length  of  hospital  stay  was  influenced  by
gender,  BMI,  tumoral  stage  I,  II,  III,  IV.

Interestingly,  none  of  patients’  and  tumours’  charac-
teristics  (age,  gender,  BMI,  mean  ASA  Score,  previous
abdominal  surgery,  AJCC  stage)  influenced  postoperative
complications,  i.e.  gastric  stasis,  postoperative  intralumi-
nal  and  extraluminal  bleeding,  anastomotic  leak  and  wound
infection.
311

Patient  allocation  bias  in  each  study  was  also  assessed.
Number  of  harvested  nodes  was  influenced  by  the  differ-
ence  in  age,  prevalence  of  male  patient,  BMI,  prevalence  of
tumoral  Stage  I,  II  and  III  between  the  two  groups.  Proximal
margin  was  influenced  by  the  difference  in  age,  prevalence
of  male  gender,  BMI,  mean  ASA  Score,  prevalence  of  pre-
vious  abdominal  surgery,  tumoral  Stage  I  and  II  between
the  two  groups.  Distal  margin  was  influenced  by  differ-
ence  in  age  and  prevalence  of  male  gender  between  the
two  groups.  Among  recovery  outcomes,  difference  in  age,
prevalence  of  male  patients,  BMI  impacted  on  time  to  first
flatus,  while  difference  in  age,  prevalence  of  male  patients,
BMI,  tumoral  stage  I,  II,  III,  IV  between  the  two  groups
significantly  impacted  on  length  of  hospital  stay.  Interest-
ingly,  none  of  these  differences  influenced  postoperative
complications.

Total gastrectomy

Studies characteristics
Six  studies  were  included,  involving  722  patients:  407  with
IA  and  315  with  EA  [26—31].  All  studies  were  retrospective,
except  for  the  studies  by  Ito  et  al.  [27]  and  Kim  et  al.  [30].
Major  studies’  characteristics  are  shown  in  Table  2.  Number
of  patients  varied  from  50  to  253,  mean  age  from  56.8  to
63.4  years,  and  the  prevalence  of  male  gender  from  67.58%
to  88%.  Mean  body  mass  index  (BMI)  varied  from  22.2  kg/m2

to  24  kg/m2.  Prevalence  of  patients  with  AJCC  stage  I  can-
cer  varied  from  16  to  92.59%,  with  stage  II  from  3.7  to  25%,
with  stage  III  from  3.7  to  68%  and  with  stage  IV  from  0  to
12%  stage  IV  cancer.  Technical  aspects  of  each  surgical  tech-
nique  are  summarized  in  Table  S3,  Supplementary  data.  In
all  studies,  anastomosis  was  performed  using  linear  or  cir-
cular  stapler.  Regarding  the  type  of  the  anastomosis,  all
authors  performed  the  Roux-en-Y  anastomosis.  Regarding
site  extraction,  there  was  a  large  variation  among  authors,
but  no  one  used  a  Pfannenstiel  incision  in  the  IA  group.

Intraoperative outcomes
Intraoperative  outcomes  are  shown  in  Fig.  5.  Operative  time
407  IA  and  315  EA,  with  no  statistically  significant  differ-
ence  between  the  two  groups  (MD  =  −9.243,  P  =  0.051,  95%
CI  −18.525,  0.038),  and  no  statistically  significant  hetero-
geneity  (I2  =  33.796%;  P  =  0.183).  Intraoperative  blood  loss
was  analysed  by  3  authors  [26,27,29], involving  472  patients,
252  IA  and  220  EA,  with  no  statistically  significant  difference
between  the  two  groups  (MD  =  −46,381,  P  =  0.080,  95%  CI
−98.365,  5.604)  and  a  statistically  significant  heterogeneity
(I2  =  85.512%;  P  =  0.001).

Oncologic outcomes
Oncologic  outcomes  are  summarized  in  Fig.  6.  Number  of
harvested  nodes  was  analysed  by  4  authors  [26,28,30],
involving  509  procedures  (265  IA  and  244  EA),  with  no  sig-
nificant  differences  between  the  two  groups  (MD  =  1.484,
P  =  0.439,  95%  CI  −2.276,  5.243)  and  no  significant  hetero-
geneity  (I2  =  35.907%;  P  =  0.197).

Proximal  margin  was  analysed  by  5  authors  [26,28—31],
involving  559  patients  (290  IA  and  289  EA),  with  no  signifi-
cant  difference  between  the  groups  (MD  =  0.030,  P  =  0.820,
95%  CI  −0.231,  0.292)  and  no  heterogeneity  among  the  stud-
ies  (I2  =  3.974%;  P  =  0.384).  Distal  margin  of  the  specimen
was  analysed  by  only  two  authors  [29,30]  and  showed  a
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igure 4. Postoperative recovery outcomes after distal gastrectomie
ospital stay.

ignificant  difference  between  the  two  groups  in  favour  of  EA
MD  =  1.623,  P  =  0.040,  95%  CI  0.074,  3.173),  with  no  signifi-
ant  difference  among  the  studies  (I2 =  1.825%;  P  =  0.384).

ostoperative complications
ostoperative  complications  are  shown  in  Fig.  7.

Postoperative  intraluminal  bleeding  was  analysed  by  2
uthors  [29,31],  involving  106  patients  (52  IA  and  54  EA),
ith  no  significant  difference  between  the  two  groups

RD  =  −0.014,  P  =  0.644,  95%  CI  −0.072,  0.044)  and  no  het-
rogeneity  among  the  studies  (I2  =  0.000%;  P  =  0.569).

2
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s. a: time to first flatus; b: time to first oral intake; c: length of

Postoperative  extraluminal  bleeding  was  reported  by
 authors  [29,31], involving  366  patients  (198  IA  and
68  EA),  showing  no  significant  difference  between  the
roups  (RD  =  0.013,  P  =  0.323,  95%  CI  −0.013,  0.040),
nd  no  heterogeneity  among  the  studies  (I2  =  0.000%;

 =  0.774).
Anastomotic  leak  was  analysed  by  all  the  authors

26—32],  involving  722  patients  (407  IA  and  315  EA),
ith  no  statistically  significant  difference  between  the
roups  (RD  =  0.005,  P  =  0.613,  95%  CI  −0.013,  0.023),
nd  no  heterogeneity  among  the  studies  (I2  =  0.000%;

 =  0.498).
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Table  2  Characteristics  of  the  included  studies  about  total  gastrectomy.

Author  Year Type  of  analysis  Number  of  patients  Fashion  of  anastomosis  Number  of  patients

Kim  et  al.  2016  Retrospective  56  Intracorporeal  27
Extracorporeal  29

Chen  et  al.  2016  Retrospective  253  Intracorporeal  108
Extracorporeal  145

Lu  et  al.  2016  Retrospective  50  Intracorporeal  25
Extracorporeal  25

Kim  S  et  al.  2013  Prospective  113  Intracorporeal  90
Extracorporeal  23

Ito  et  al.  2014  Prospective  163  Intracorporeal  117
Extracorporeal  46

Jung  et  al.  2013  Retrospective  87  Intracorporeal  40
Extracorporeal  47

rativ
Figure 5. Intraoperative outcomes in total gastrectomies. a: ope
Wound  infection  was  reported  by  3  authors  [26,30,31],
involving  392  patients  (223  IA  and  169  EA),  with  no  significant
difference  between  the  groups  (RD  =  −0.007,  P  =  0.591,  95%
CI  −0.034,  0.019),  with  no  heterogeneity  among  the  studies
(I2  =  0.000%;  P  =  0.807).

Postoperative recovery outcomes
Postoperative  recovery  outcomes  are  shown  in  Fig.  8.  In
details,  time  to  first  flatus  and  length  of  hospital  stay  were
reported  by  5  authors  [26,28—31],  involving  559  patients
(290  IA  and  269  EA)  with  no  significant  difference  between
the  groups  (MD  =  −0.051,  P  =  0.484,  95%  CI  −0.195,0.092  and
MD  =  −0.365,  P  =  0.229,  95%  CI  −0.960,  0.230  respectively),
with  no  heterogeneity  among  the  studies  (I2  =  0.000%;
P  = 0.622  and  I2  =  0.000%;  P  =  0.512  respectively).  Time  to
first  oral  intake  was  reported  by  4  authors  [26,28,29,31],
involving  446  patients  (200  IA  and  246  EA),  with  no  sig-
nificant  difference  between  the  two  groups  (MD  =  −0.268,
P  = 0.051,  95%  CI  −1.952,  0.051)  and  no  heterogeneity  among
the  studies  (I2  =  0.000%;  P  =  0.418).

Publication bias
The  distribution  of  studies  evaluating  all  the  analysed
outcomes  was  symmetrical  and  no  publication  bias  was
e time; b: intraoperative blood loss.
found  by  the  Egger’s  test,  except  for  distal  margin  and
postoperative  intraluminal  and  extraluminal  bleeding,  in
which  it  was  not  possible  to  perform  a  funnel  plot  analy-
ses  because  these  parameters  were  only  analysed  by  two
authors  (Supplementary  data,  Figs.  S5  to  S7).

Meta-regression analysis
Regression  models  showed  that  none  of  patients’  and
tumours’  characteristics  (see  above)  influenced  outcomes.
In  addition,  patient  allocation  bias  in  each  study  could
be  excluded  because  the  difference  in  patients’  and
tumors’  characteristics  between  totally  laparoscopic  and
laparoscopic-assisted  groups  did  not  influence  the  analysed
outcomes.

DISCUSSION

Despite  laparoscopy  is  widespread  nowadays  and  considered
as  gold  standard  for  a  lot  of  abdominal  procedures,  its  role
in  gastric  resection  is  still  debated,  especially  for  advanced
gastric  cancer  [26].

This  can  be  related  to  technical  difficulties  and  to  the
long  learning  curve.  Moreover,  two  types  of  anastomosis
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igure 6. Oncologic outcome after total gastrectomies. a: harves

ay  be  performed,  which  makes  difficult  to  compare  the
ifferent  techniques  and  to  develop  strong  evidence-based
onclusions.  The  fashioning  of  the  anastomosis  is  a  crucial
oint  during  gastrectomy  procedure.  For  comparison,  totally
aparoscopic  procedures  are  widely  studied  in  colorectal
urgery.  However,  IA  was  rarely  performed  after  gastric
esection,  but  the  improvement  of  mini-invasive  techniques
nd  the  simplification  of  anastomosis  fashioning  procedures
as  Kanaya  has  proposed)  made  total  laparoscopic  gastrec-

omy  possible  and  more  widely  performed  [35].  Bariatric
urgery  [36—38]  participated  in  these  improvements  and  in
he  diffusion  of  the  techniques.

Since  its  introduction,  several  studies  have  compared  IA
ith  EA  in  gastric  surgery.  Lin  et  al.  [20]  recently  published

 study  with  642  patients  undergoing  distal  gastrectomy,
omparing  Billroth  I  IA  and  EA.  There  was  no  difference,
xcept  for  a  larger  number  of  dissected  lymph  nodes  in
he  EA  group.  However,  in  locally  advanced  gastric  cancer,
here  were  more  dissected  lymph  nodes  and  a  higher  rate  of
ostoperative  complications  in  the  IA  group  [20].

Four  other  recent  studies  have  reached  similar  conclu-
ions  [19,24,26,29].  In  their  retrospective  study,  Chen  et  al.
26]  analysed  data  from  253  patients  undergoing  total  gas-
rectomy.  There  were  no  significant  differences  in  first
atus,  diet  resumption,  and  postoperative  hospital  stay.  The
urgical  complication  rates  were  17.2%  and  13.9%  in  the  EA
nd  IA  groups,  respectively.  These  conclusions  were  con-
rmed  by  two  other  studies  [31,39].

In  our  best  knowledge,  only  two  meta-analyses  com-
aring  totally  laparoscopic  and  laparoscopic-assisted  for
astric  cancer  treatment  have  been  performed.  Chen
t  al.  [26]  analysed  data  from  three  studies  comparing
otally  laparoscopic  total  gastrectomy  to  laparoscopic-
ssisted  total  gastrectomy,  in  816  patients.  They  found  no

d
l
m

s
e
r
i
r
i
a
i
m

f
t
c
w
T
a

h
t
b
m
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ignificant  differences  in  operative  time,  blood  loss,  time  to
rst  flatus,  length  of  hospital  stay  and  anastomosis-related
omplications  between  groups.  Surgical  complication  rates
ere  17.2%  after  AE  and  13.9%  after  IA.

Similar  conclusions  were  drawn  by  Zhang  et  al.  in  his
eta-analyses,  including  twelve  non-randomized  observa-

ional  clinical  studies  involving  2255  patients,  studying  distal
astrectomies  [40].

Although  these  conclusions  are  encouraging  and  concor-

ant,  the  lack  of  high-level  evidence  in  literature  and  the
imits  of  current  meta-analyses  encouraged  us  to  perform  a
eta-analysis  that  included  a  wider  number  of  studies.
Regarding  distal  gastrectomy,  intraoperative  outcomes

eem  to  be  in  favour  of  IA:  less  blood  loss  but  with  some  het-
rogeneity  and  no  difference  in  operative  time.  Oncological
esults  plead  also  for  IA,  with  a  larger  lymph  nodes  dissection
n  AI,  with  some  heterogeneity.  there  was  no  difference  in
esection  margins  with  a  significant  heterogeneity.  Regard-
ng  postoperative  results,  the  meta-analysis  does  not  show
ny  difference  regarding  time  to  first  flatus  and  first  oral
ntake,  but  length  of  stay  was  in  favour  of  IA.  Postoperative
orbidity  was  not  different  between  groups.
Regarding  total  gastrectomy,  no  statistical  difference  was

ound  in  terms  of  intraoperative  outcomes  between  the
wo  groups.  The  only  difference  regarding  oncological  out-
omes  favoured  AE  for  distal  margin.  But  this  difference
as  grounded  on  only  two  studies  among  the  six  studies.
here  was  no  difference  regarding  postoperative  morbidity
nd  recovery.

It  is  also  important  to  underline  that  regression  models
ave  showed  that  numerous  patients’  and  tumour’s  charac-
eristics  did  influence  the  outcomes  of  distal  gastrectomy,
ut  not  of  total  gastrectomy.  An  important  result  of  this
eta-analysis  is  that  the  laparoscopic  approach  is  useful  in
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. a: p
Figure 7. Postoperative complications after total gastrectomies
bleeding; c: anastomotic leak; d: wound infection.
all  cancer  stages,  especially  in  stage  IV  cancer  where  results
were  not  different  that  those  from  other  stages.

As  a  matter  of  fact,  meta-analyses  itself  represents  a
good  way  to  draw  scientific  conclusions  about  controver-
sial  subjects  or  about  studies  based  on  narrow  sample  sizes.
However,  it  must  be  underlined  that  meta-analyses  are  a
reflection  from  the  literature  and  have  the  same  limits.
Inthe  present  meta-analysis,  there  is  a  huge  lack  of  high-
quality,  well-designed  randomized  studies.  Moreover,  there
is  no  clear  definition  of  all  the  necessary  outcomes  to  define
advantages  and  limitations  of  the  two  techniques.

Considering  the  major  complications  evaluated  in  the
analysed  studies,  IA  seemed  safe  and  feasible,  although
there  was  no  clear  definition  of  each  outcome.  For  exam-
ple,  no  author  defined  wound  infection  and  only  Shinohara
et  al.  [21]  defined  anastomotic  leak.  The  large  heterogene-
ity  frequently  observed  among  studies  also  impact  on  results
and  on  their  interpretation.  No  study  demonstrated  a  real
benefit  of  AI  comparing  to  EA  in  terms  of  oncological  results.
In  the  present  meta-analysis,  only  the  number  of  retrieved
lymph  nodes  showed  a  statistically  significant  difference
between  the  two  groups  in  favour  of  the  IA,  even  if  lym-
phadenectomy  is  always  intracorporeally  performed  in  the
two  techniques.
ostoperative intraluminal bleeding; b: postoperative extraluminal
Indeed,  this  meta-regression  is  a  call  for  a  high  quality
randomized  controlled  trial.

Another  limitation  of  current  literature  is  that  Clavien-
Dindo  Score  is  almost  never  reported.  In  fact,  it  can  be  found
in  only  5  studies  on  distal  gastrectomy  [13,15,20,21,23]  and
in  only  two  studies  on  total  gastrectomy  [29,31].  Even  when
reported,  there  is  no  accurate  classification  of  Clavien-Dindo
stages,  especially  stage  I  and  II,  that  include  nausea  and
vomiting  with  a  major  influence  on  recovery  and  hospital
stay.

As  expected,  IA  is  associated  with  faster  recovery  IA,
probably  because  of  less  traction  of  the  viscera  and  a  minor
exposure  of  bowel  to  open  air  that  can  negatively  influence
the  restart  of  the  bowel  function.  Other  parameters  involved
in  postoperative  recovery  have  been  ignored  in  the  studies
selected  for  analysis,  such  as  first  mobilization  and  other
perioperative  measures  that  should  be  taken  into  account
in  the  studies.

Finally,  all  the  selected  studies  were  from  Asian  coun-
tries,  where  this  kind  of  surgery  is  performed  in  specialized
centres,  reaching  high  volumes  of  patients,  making  the
results  truthful  only  for  very  expert  surgeons.

By  pooling  together  4540  patients  with  gastric  cancer,
we  were  able  to  state  that  IA  is  safe  and  feasible.  A  high
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uality  randomized  controlled  trial  in  non-Asian  countries
omparing  IA  and  EA  is  required.

unding
one.

ppendix A. Supplementary data

upplementary  data  associated  with  this  article  can  be
ound,  in  the  online  version,  at  https://doi.org/10.1016/
.jviscsurg.2019.01.004.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

eferences

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J
Clin 2014;65:87—108, http://dx.doi.org/10.3322/caac.21262
[PMID: 25651787].

[2] Lee JH, Han HS, Lee JH. A prospective randomized study
comparing open versus laparoscopy-assisted distal gastrec-
tomy in early gastric cancer: early results. Surg Endosc
. a: time to first flatus; b: time to first oral intake; c: length of

2005;19:168—73, http://dx.doi.org/10.1007/s00464-017-
5942-x [PMID: 29234941].

[3] Ohtani H, Tamamori Y, Noguchi K, et al. A meta-
analysis of randomized controlled trials that compared
laparoscopy-assisted and open distal gastrectomy for

early gastric cancer. J Gastrointest Surg 2010;14:958—64,
http://dx.doi.org/10.1007/s11605-010-1195-x [PMID:
20354807].

[4] Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA
Group Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med
2009;21(7):e1000097, http://dx.doi.org/10.1371/journal.
pmed.1000097 [PMID: 19621072].

[5] Wells GA, Shea B, O’Connell D, et al. Ottawa Hospital Research
Institute. The Newcastle-Ottawa Scale (NOS) for assessing
the quality of nonrandomized studies in meta-analyses.
http://www.ohri.ca/programs/clinical epidemiology/oxford.htm.

[6] Ahn CW, Hur H, Han SU, Cho YK. Comparison of intracor-
poreal reconstruction after laparoscopic distal gastrectomy
with extracorporeal reconstruction in the view of learning
curve. J Gastric Cancer 2013;13(1):34—43, http://dx.doi.org/
10.5230/jgc.2013.13.1.34 [PMID: 23610717].

[7] Chen K, Mou YP, Xu XW, et al. Short-term surgical and long-term
survival outcomes after laparoscopic distal gastrectomy with
D2 lymphadenectomy for gastric cancer. BMC Gastroenterol
2014;25(14):41, http://dx.doi.org/10.1186/1471-230X-14-41
[PMID: 24568165].

[8] Choi BS, Oh HK, Park SH, Park JM. Comparison of laparoscopy-
assisted and totally laparoscopic distal gastrectomy: the
short-term outcome at a low volume center. J Gas-
tric Cancer 2013;13(1):44—50, http://dx.doi.org/10.5230/
jgc.2013.13.1.44 [PMID: 23610718].

http://dx.doi.org/10.1016/j.jviscsurg.2019.01.004
http://dx.doi.org/10.1016/j.jviscsurg.2019.01.004
dx.doi.org/10.3322/caac.21262
dx.doi.org/10.1007/s00464-017-5942-x
dx.doi.org/10.1007/s00464-017-5942-x
dx.doi.org/10.1007/s11605-010-1195-x
dx.doi.org/10.1371/journal.pmed.1000097
dx.doi.org/10.1371/journal.pmed.1000097
dx.doi.org/10.5230/jgc.2013.13.1.34
dx.doi.org/10.5230/jgc.2013.13.1.34
dx.doi.org/10.1186/1471-230X-14-41
dx.doi.org/10.5230/jgc.2013.13.1.44
dx.doi.org/10.5230/jgc.2013.13.1.44


[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

Intracorporeal  versus  extracorporeal  anastomosis  

[9] Han G, Park JY, Kim YJ. Comparison of short-term
postoperative outcomes in totally laparoscopic distal gas-
trectomy versus laparoscopy-assisted distal gastrectomy.
J Gastric Cancer 2014;14(2):105—10, http://dx.doi.org/
10.5230/jgc.2014.14.2.105 [PMID: 25061537].

10] Ichikawa D, Kubota T, Kikuchi S, et al. Intracorporeal Billroth-I
anastomosis using a circular stapler by the abdominal wall
lifting method in laparoscopy-assisted distal gastrectomy.
Surg Laparosc Endosc Percutan Tech 2009;19(5):e163—6,
http://dx.doi.org/10.1097/SLE.0b013e3181b6c867 [PMID:
19851243].

11] Ikeda O, Sakaguchi Y, Aoki Y, et al. Advantages of
totally laparoscopic distal gastrectomy over laparoscop-
ically assisted distal gastrectomy for gastric cancer.
Surg Endosc 2009;23(10):2374—9, http://dx.doi.org/
10.1007/s00464-009-0360-3 [PMID: 19263143].

12] Jeong O, Jung MR, Park YK, Ryu SY. Safety and feasibility
during the initial learning process of intracorporeal Billroth
I (delta-shaped) anastomosis for laparoscopic distal gas-
trectomy. Surg Endosc 2015;29(6):1522—9, http://dx.doi.org/
10.1007/s00464-014-3836-8 [PMID: 25294524].

13] Kanaji S, Harada H, Nakayama S, et al. Surgical outcomes
in the newly introduced phase of intracorporeal anasto-
mosis following laparoscopic distal gastrectomy is safe and
feasible compared with established procedures of extra-
corporeal anastomosis. Surg Endosc 2014;28(4):1250—5,
http://dx.doi.org/10.1007/s00464-013-3315-7 [PMID:
24232135].

14] Kim BS, Yook JH, Choi YB, et al. Comparison of early
outcomes of intracorporeal and extracorporeal gastroduo-
denostomy after laparoscopic distal gastrectomy for gastric
cancer. J Laparoendosc Adv Surg Tech A 2011;21(5):387—91,
http://dx.doi.org/10.1089/lap.2010.0515 [PMID: 21561328].

15] Kim DG, Choi YY, An JY, et al. Comparing the short-term
outcomes of totally intracorporeal gastroduodenostomy
with extracorporeal gastroduodenostomy after laparoscopic
distal gastrectomy for gastric cancer: a single surgeon’s
experience and a rapid systematic review with meta-analysis.
Surg Endosc 2013;27(9):315, http://dx.doi.org/10.1007/
s00464-013-2869-8 [PMID: 23494509].

16] Kim HG, Park JH, Jeong SH, et al. Totally laparo-
scopic distal gastrectomy after learning curve comple-
tion: comparison with laparoscopy-assisted distal gastrec-
tomy. J Gastric Cancer 2013;13(1):26—33, http://dx.doi.org/
10.5230/jgc.2013.13.1.26 [PMID: 23610716].
17] Kinoshita T, Shibasaki H, Oshiro T, Ooshiro M, Okazumi S,
Katoh R. Comparison of laparoscopy assisted and total laparo-
scopic Billroth-I gastrectomy for gastric cancer: a report of
short-term outcomes. Surg Endosc 2011;25(5):1395—401,
http://dx.doi.org/10.1007/s00464-010-1402-6 [PMID:
20972584].

18] Lee J, Kim D, Kim W. Comparison of laparoscopy-assisted
and totally laparoscopic Billroth-II distal gastrectomy for gas-
tric cancer. J Korean Surg Soc 2012;82(3):135—42, http://dx.
doi.org/10.4174/jkss.2012.82.3.135 [PMID: 22403746].

19] Lee SH, Kim IH, Kim IH, Kwak SG, Chae HD. Com-
parison of short-term outcomes and acute inflamma-
tory response between laparoscopy-assisted and totally
laparoscopic distal gastrectomy for early gastric cancer.
Ann Surg Treat Res 2015;89(4):176—82, http://dx.doi.org/
10.4174/astr.2015.89.4.176 [PMID: 26446446].

20] Lin M, Zheng CH, Huang CM, et al. Totally laparoscopic
versus laparoscopy-assisted Billroth-I anastomosis for
gastric cancer: a case-control and case-matched study.
Surg Endosc 2016;30(12):5245—54, http://dx.doi.org/
10.1007/s00464-016-4872-3 [PMID: 27008576].

21] Shinohara T, Kawano S, Tanaka Y, et al. Comparison
of the cost and outcomes following totally laparo-
scopic and laparoscopy-assisted distal gastrectomies
for gastric cancer: a single-institution comparison.
Surg Endosc 2016;30(8):3573—81, http://dx.doi.org/
10.1007/s00464-015-4656-1 [PMID: 26541736].

[

[

[

[

[

317

22] Song KY, Park CH, Kang HC, et al. Is totally laparoscopic
gastrectomy less invasive than laparoscopy-assisted
gastrectomy?: prospective, multicenter study. J Gas-
trointest Surg 2008;12(6):1015—21, http://dx.doi.org/
10.1007/s11605-008-0484-0 [PMID: 18256884].

23] Woo J, Lee JH, Shim KN, Jung HK, Lee HM, Lee HK. Does the
difference of invasiveness between totally laparoscopic distal
gastrectomy and laparoscopy-assisted distal gastrectomy lead
to a difference in early surgical outcomes? A Prospective
Randomized Trial. Ann Surg Oncol 2015;22(6):1836—43,
http://dx.doi.org/10.1245/s10434-014-4229-x [PMID:
25395149].

24] Zhang B, Tu JC, Fang J, Zhou L, Liu YL. Comparison of early-
term effects between totally laparoscopic distal gastrectomy
with delta-shaped anastomosis and conventional laparoscopic-
assisted distal gastrectomy: a retrospective study. Int J Clin
Exp Med 2015;15(6):9967—72 [PMID: 26309684].

25] Zhang C, Xiao W,  Chen K, et al. A new intracorporeal Billroth
II stapled anastomosis technique in totally laparoscopic
distal gastrectomy. Surg Endosc 2015;29(6):1636—42,
http://dx.doi.org/10.1007/s00464-014-3825-y [PMID:
25270612].

26] Chen K, Pan Y, Cai JQ, et al. Totally laparoscopic versus
laparoscopic-assisted total gastrectomy for upper and mid-
dle gastric cancer: a single-unit experience of 253 cases
with meta-analysis. World J Surg Oncol 2016;31(14):96,
http://dx.doi.org/10.1186/s12957-016-0860-2 [PMID:
27036540].

27] Ito H, Inoue H, Odaka N, et al. Evaluation of the safety and
efficacy of esophagojejunostomy after totally laparoscopic
total gastrectomy using a trans-orally inserted anvil: a single-
center comparative study. Surg Endosc 2014;28(6):1929—35,
http://dx.doi.org/10.1007/s00464-014-3417-x [PMID:
24488351].

28] Jung YJ, Kim DJ, Lee JH, Kim W. Safety of intracorpo-
real circular stapling esophagojejunostomy using trans-orally
inserted anvil (OrVil) following laparoscopic total or proximal
gastrectomy — comparison with extracorporeal anastomo-
sis. World J Surg Oncol 2013;23(11):209, http://dx.doi.
org/10.1186/1477-7819-11-209 [PMID: 23972079].

29] Kim EY, Choi HJ, Cho JB, Lee J. Totally laparoscopic total gas-
trectomy versus laparoscopically assisted total gastrectomy for
gastric cancer. Anticancer Res 2016;36(4):1999—2003 [PMID:
27069193].

30] Kim HS, Kim MG, Kim BS, et al. Comparison of totally

laparoscopic total gastrectomy and laparoscopic-assisted
total gastrectomy methods for the surgical treatment
of early gastric cancer near the gastroesophageal junc-
tion. J Laparoendosc Adv Surg Tech A 2013;23(3):204—10,
http://dx.doi.org/10.1089/lap.2012.0393 [PMID: 23256584].

31] Lu X, Hu Y, Liu H, et al. Short-term outcomes of intracorporeal
esophagojejunostomy using the transorally inserted anvil
versus extracorporeal circular anastomosis during laparo-
scopic total gastrectomy for gastric cancer: a propensity
score matching analysis. J Surg Res 2016;200(2):435—43,
http://dx.doi.org/10.1016/j.jss.2015.08.013 [PMID:
26421708].

32] Higgins JP, Thompson SG, Deeks JJ, et al. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557—60,
http://dx.doi.org/10.1136/bmj.327.7414.557 [PMID:
12958120].

33] Sterne JA, Egger M, Smith GD. Systematic reviews in
health care: investigating and dealing with publication and
other biases in meta-analysis. BMJ 2001;323:101—5 [PMID:
11451790].

34] Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in meta-
analysis. Biometrics 2000;56:455—63 [PMID: 10877304].

35] Shawki S, Bashankaev B, Denoya P, Seo C, Weiss EG, Wexner SD.
What is the definition of ‘‘conversion’’ in laparoscopic colorec-
tal surgery? Surg Endosc 2009;23(10):2321—6, http://dx.doi.
org/10.1007/s00464-009-0329-2 [PMID: 19266238].

dx.doi.org/10.5230/jgc.2014.14.2.105
dx.doi.org/10.5230/jgc.2014.14.2.105
dx.doi.org/10.1097/SLE.0b013e3181b6c867
dx.doi.org/10.1007/s00464-009-0360-3
dx.doi.org/10.1007/s00464-009-0360-3
dx.doi.org/10.1007/s00464-014-3836-8
dx.doi.org/10.1007/s00464-014-3836-8
dx.doi.org/10.1007/s00464-013-3315-7
dx.doi.org/10.1089/lap.2010.0515
dx.doi.org/10.1007/s00464-013-2869-8
dx.doi.org/10.1007/s00464-013-2869-8
dx.doi.org/10.5230/jgc.2013.13.1.26
dx.doi.org/10.5230/jgc.2013.13.1.26
dx.doi.org/10.1007/s00464-010-1402-6
dx.doi.org/10.4174/jkss.2012.82.3.135
dx.doi.org/10.4174/jkss.2012.82.3.135
dx.doi.org/10.4174/astr.2015.89.4.176
dx.doi.org/10.4174/astr.2015.89.4.176
dx.doi.org/10.1007/s00464-016-4872-3
dx.doi.org/10.1007/s00464-016-4872-3
dx.doi.org/10.1007/s00464-015-4656-1
dx.doi.org/10.1007/s00464-015-4656-1
dx.doi.org/10.1007/s11605-008-0484-0
dx.doi.org/10.1007/s11605-008-0484-0
dx.doi.org/10.1245/s10434-014-4229-x
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0320
dx.doi.org/10.1007/s00464-014-3825-y
dx.doi.org/10.1186/s12957-016-0860-2
dx.doi.org/10.1007/s00464-014-3417-x
dx.doi.org/10.1186/1477-7819-11-209
dx.doi.org/10.1186/1477-7819-11-209
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0345
dx.doi.org/10.1089/lap.2012.0393
dx.doi.org/10.1016/j.jss.2015.08.013
dx.doi.org/10.1136/bmj.327.7414.557
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0365
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
http://refhub.elsevier.com/S1878-7886(19)30004-9/sbref0370
dx.doi.org/10.1007/s00464-009-0329-2
dx.doi.org/10.1007/s00464-009-0329-2


3

[

[

[

18  

36] Musella M, Susa A, Manno E, et al. Complications Following
the Mini/One Anastomosis Gastric Bypass (MGB/OAGB): a
Multi-institutional Survey on 2678 Patients with a Mid-term
(5 Years) Follow-up. Obes Surg 2017;27(11):2956—67,
http://dx.doi.org/10.1007/s11695-017-2726-2 [PMID:
28569357].

37] Milone M, Di Minno MN, Galloro G, et al. Safety and efficacy
of barbed suture for gastrointestinal suture: a prospective
and randomized study on obese patients undergoing gastric
bypass. J Laparoendosc Adv Surg Tech A 2013;23(9):756—9,
http://dx.doi.org/10.1089/lap.2013.0030 [PMID: 23859743].

38] Musella M, Milone M, Maietta P, Bianco P, Pisapia A, Gau-
dioso D. Laparoscopic sleeve gastrectomy: efficacy of fibrin

[

[

M.  Milone,  M.  Manigrasso,  M.  Burati,  et  al.

sealant in reducing postoperative bleeding. A randomized con-
trolled trial. Updates Surg 2014;66(3):197—201, http://dx.doi.
org/10.1007/s13304-014-0257-0 [PMID: 24961471].

39] Chen K, He Y, Cai JQ, et al. Comparing the short-term
outcomes of intracorporeal esophagojejunostomy with extra-
corporeal esophagojejunostomy after laparoscopic total gas-
trectomy for gastric cancer. BMC Surg 2016;16:13, http://dx.
doi.org/10.1186/s12893-016-0130-9 [PMID: 27000746].

40] Zhang YX, Wu  YJ, Lu GW, Xia MM. Systematic review
and meta-analysis of totally laparoscopic versus laparo-
scopic assisted distal gastrectomy for gastric cancer.
World J Surg Oncol 2015;21(13):116, http://dx.doi.org/
10.1186/s12957-015-0532-7 [PMID: 25889971].

dx.doi.org/10.1007/s11695-017-2726-2
dx.doi.org/10.1089/lap.2013.0030
dx.doi.org/10.1007/s13304-014-0257-0
dx.doi.org/10.1007/s13304-014-0257-0
dx.doi.org/10.1186/s12893-016-0130-9
dx.doi.org/10.1186/s12893-016-0130-9
dx.doi.org/10.1186/s12957-015-0532-7
dx.doi.org/10.1186/s12957-015-0532-7

	Intracorporeal versus extracorporeal anastomosis after laparoscopic gastrectomy for gastric cancer. A systematic review wi...
	Introduction
	Materials and Methods
	Literature search
	Study selection
	Data extraction and quality assessment
	Statistical analysis and risk of bias assessment
	Meta-regression analyses

	Results
	Study selection
	Distal Gastrectomy
	Studies characteristics
	Intraoperative outcomes
	Oncologic outcomes
	Postoperative complications
	Postoperative recovery outcomes
	Publication bias
	Meta-regression analysis

	Total gastrectomy
	Studies characteristics
	Intraoperative outcomes
	Oncologic outcomes
	Postoperative complications
	Postoperative recovery outcomes
	Publication bias
	Meta-regression analysis


	DISCUSSION
	Funding
	Disclosure of interest
	Appendix A Supplementary data
	References


