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Abstract

Introduction: With the rapid development of minimally invasive surgery, laparoscopic (LAP) wedge resection has
become the first-choice treatment for primary gastrointestinal stromal tumors (GISTs) of the stomach.

Aim: To investigate the safety and feasibility of LAP wedge resection and the choice of surgical treatment for GISTs
of the stomach through a meta-analysis and systematic review.

Material and methods: The literature was widely searched for comparative studies on open (OPEN) and LAP wedge
resection for GISTs published before April 2017. The articles were selected after quality assessment.

Results: Ten reports met the inclusion criteria, with a total sample size of 485 cases. The operation time was similar
between the 2 groups (weighted mean difference (WMD): 8.67 min, 95% confidence interval (Cl): —8.60 to 25.94,
p = 0.33). However, LAP resulted in less blood loss (WMD —32.20 ml, 95% Cl: —=56.15 to —8.26, p < 0.01), earlier time
to flatus (WMD —1.48 days, 95% Cl: —1.90 to —1.06, p < 0.01) and to an oral diet (WMD —1.50 days, 95% Cl: =2.25 to
—0.47, p < 0.01), shorter hospital stay (WMD —2.03 days, 95% Cl: —=2.68 to —1.38, p < 0.01), and a decreased overall
complication rate (relative risk: 0.48, 95% Cl: 0.25-0.89, p = 0.01) compared with OPEN. Moreover, long-term fol-
low-up findings indicated no obvious difference between the 2 groups.

Conclusions: The use of LAP wedge resection for suitable cases is safe and feasible because it causes less blood loss
and fewer overall complications and enables faster recovery.

Key words: laparoscopic surgery, systematic review, meta-analysis, open surgery, wedge resection, gastric gastroin-
testinal stromal tumor.

Introduction

Gastrointestinal stromal tumors (GISTs) are
among the most common mesenchymal tumors.
They are usually observed in the gastrointestinal
tract, and the site of origin is frequently the stomach
[1, 2]. The definitive treatment for localized prima-
ry GISTs is mainly surgical resection with a negative
margin. Instead of formal organ resection, local exci-
sion is commonly selected as the surgical procedure
because the incidence of lymph node metastasis is

extremely low in these cases [3]. As a result, most
surgeons perform wedge resection of the stomach
for GISTs. According to the guidelines of the Nation-
al Comprehensive Cancer Network (NCCN), laparo-
scopic (LAP) surgery may be considered for GISTs of
the stomach. However, LAP surgical procedures are
likely to increase the risk of tumor rupture. With the
rapid development of minimally invasive surgery, in-
cluding laparoscopy, gasless laparoscopy, single-inci-
sion laparoscopy, and LAP-assisted technology, LAP
wedge resection has become the first-choice treat-

Address for correspondence

phone: +86 15088611336, e-mail: yangzhangwei@126.com

Zhangwei Yang, Department of General Surgery, Wenzhou People’s Hospital, 57 Canghou St, Wenzhou 325000, China,

Videosurgery and Other Miniinvasive Techniques 2, April/2019

149



Zhangwei Yang, Pingting Li, Yiren Hu

ment for primary GISTs of the stomach [4, 5]. To
date, numerous previous studies have analyzed and
compared open (OPEN) and LAP wedge resection in
terms of operation time, blood loss, time to oral diet,
time to first flatus, and overall complications.

Aim
The present study aimed to investigate the safe-
ty and feasibility of LAP wedge resection and the

choice of surgical treatment for GISTs of the stom-
ach through a meta-analysis and systematic review.

Material and methods
Search strategy

In this review, the Embase, PubMed, Web of Sci-
ence, and Cochrane Library databases were searched
for studies comparing OPEN and LAP wedge resec-
tion of the stomach for GISTs published between
April 1996 and April 2017. The following keywords
were used: “laparoscopy”, “gastrointestinal stromal
tumor”, and “open wedge resection”. The search
was restricted to articles written in English. After
de-duplication, a total of 304 studies were found.
The abstracts of the articles were read briefly to ex-
clude irrelevant studies. Finally, 38 articles met the
requirements and their full contents were reviewed.

Study selection

Comparative, peer-reviewed studies on OPEN
and LAP wedge resection for GISTs for which the
full content of the paper was accessible were con-
sidered to meet the inclusion criteria. When 2 or
more studies were from the same organization, the
latest one or the study that included the most rel-
evant information (if the studies were conducted
during the same period) was selected. Studies with
the following features were excluded: GISTs outside
of the stomach, non-wedge resection, data that are
difficult to collect and analyze, and lack of clearly
demonstrated results.

Data extraction and quality assessment

Two researchers independently extracted the
data, and disagreements were resolved through
a discussion. The details of each study, including the
authors, area, research center, sample size, treat-
ment factors (e.g., surgical method and whether
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imatinib was used), perioperative details (e.g., ap-
proximated blood loss, operation time, time to first
flatus, time to oral diet, and hospital stay), postoper-
ative complications, recurrence, and mortality, were
recorded. In addition, the Newcastle-Ottawa Scale
(NOS), a quality assessment tool, was applied to
evaluate the quality of the included studies. Studies
with a score of 6 or higher were considered method-
ologically reasonable.

Statistical analysis

In this study, the weighted mean difference
(WMD) was applied to evaluate the constant vari-
ables and risk ratio (RR) was employed to analyze
dichotomous variables. If the study provided medi-
ans and ranges instead of means and standard de-
viations (SDs), the means and SDs were estimated
as described by Hozo et al. [6]. The random-effects
model was applied according to the method of Der-
Simonian and Laird [7]. Statistical heterogeneity was
evaluated according to the Higgins /? statistic, and
data with significant heterogeneity were removed.
Potential publication bias was determined by con-
ducting informal visual inspection of funnel plots on
the basis of the hospital stay and complications. Re-
view Manager version 5.3 (RevMan 5.3; The Nordic
Cochrane Centre, Copenhagen, Denmark) was used
for all data analyses in this study.

Results
Selected studies

A total of 304 citations were obtained from
a variety of electronic bibliographies. The titles and
abstracts were first read briefly to exclude articles
with no comparison between OPEN and LAP. Con-
sequently, 38 comparative studies remained, among
which 22 were further excluded because they failed
to meet the inclusion criteria. Finally, 10 observa-
tional studies in English, for which the full text was
available, remained. Figure 1 shows our search strat-
egy including the reasons for excluding studies.

Study characteristics and quality

A total of 485 patients were enrolled, 252 of
whom underwent OPEN (52%) and 233 underwent
LAP (48%). They represented an international cohort
of patients as data were collected from 7 countries
and regions, including Japan, the United States, It-
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Initial literature search (n = 304)

Y

Abstracts excluded because of not comparing laparoscopic
and open wedge resection for GISTS (n = 268)

Articles retrieved for full-text evaluation (n = 38)

Y

Articles suitable for meta-analysis (n = 10)

Figure 1. Flow chart of literature search strategies

aly, France, China, Singapore, and Taiwan. Table |
lists the features of the included studies, whereas
Table Il shows the quality of evaluation based on
NOS. In general, the quality of the included studies
was satisfactory (6 stars, 4 studies; 7 stars, 1 study;
8 stars, 1 study; 9 stars, 4 studies).

Evidence from primary outcomes

The operation time was reported in all 10 studies.
On the basis of the existing analysis, no significant
difference was observed in operation time (WMD
= 8.67 min; 95% confidence interval (Cl): =8.60 to

Y

Articles excluded because of failure to meet inclusion criteria
(n = 22); Reasons: tumors outside stomach,
not wedge resection or lacking statistical data

25.94; p = 0.33) (Figure 2). Blood loss was report-
ed in 8 studies. Compared with the OPEN group,
the LAP group had less blood loss (WMD —32.20 ml,
95% Cl: =56.15 t0 —8.26 ml, p < 0.01) (Figure 3), ear-
lier time to flatus (WMD -1.50 days, 95% Cl: —2.25
to -0.47, p < 0.01) (Figure 4), earlier time to oral diet
(WMD —1.48 days, 95% Cl: —=1.90 to —1.06, p < 0.01)
(Figure 5), and faster recovery of bowel function.
Among 9 studies, the LAP group had shorter hospital
stay (WMD -2.03 days, 95% Cl: —2.68 to —1.38, p <
0.01) (Figure 6).

The rate of postoperative complications was sig-
nificantly lower in the LAP group than in the OPEN

Table I. Summary of studies included in the meta-analysis

Author Region  Year Study Sample size  Conversion Follow-up [months] Recurrence
period (%)
LAP  OPEN LAP OPEN LAP  OPEN
Wu et al. Taiwan 2010 2006-2008 15 13 NR NR NR
Mochizuki  Japan 2006 2000-2004 12 10 NR 26 (6-53) 26 (6-53) 0 0
etal
Karakousis American 2011  1998-2009 40 40 22.5 28 (0.3-70) 43 (0.1-139) 1 1
etal
Hsiao Taiwan 2014 2002-2012 18 21 NR 3.1 (1.4-11.1) 5.6 (1.0-11.1) 1 0
etal
Angelis France 2014 2000-2010 25 25 NR 48.7 (24-84) 44.9 (14-72) 2 1
etal
Ishikawa Japan 2006 1993-2004 14 7 NR 60.2 (5-119) 61.3 (3-130) 2 1
etal
Shimizu Japan 2002  1995-2000 11 8 0 NR NR
etal
Catena Italy 2007 2001-2006 21 25 NR 35 (5-58) 91 (80-136) 0 1
etal
Goh etal. Singapore 2010 2001-2009 14 39 7.1 8 (3-60) 21 (2-72) 0 2
Wanetal. China 2012 2004-2011 63 64 NR 29 (4-89) 36 (4-90) NR
NR — not reported.
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Table II. Quality assessment based on the NOS for observational studies

Author Selection Compara- Outcomes Total
bility
Repre- Selection Ascertain- Outcome Assess-  Length of Adequacy
sentative-  of non- ment of  not pres- ment of  follow-up of fol-
ness of exposed  exposure ent at the outcomes low-up
exposed cohort start of
cohort the study
Wu et al. * * * * * * 6
Mochizuki * * * * o * 7
etal
Karakousis * * * * > * * * 9
etal
Hsiao et al. * * * * * * 6
Angelis * * * * *k * * * 9
etal
Ishikawa * * * * * * * * 8
etal
Shimizu * * * * * * 6
etal
Catena * * * * *x * * * 9
etal
Goh et al. * * * * * * 6
Wan Et a[. * * * * *x * * * 9
Study or Laparoscopy Open Weight Mean difference Mean difference
subgroup Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% Cl
Angelis 2014 129.3 28.2 25 136.8 27.5 25 12,5 —7.50 (-22.94, 7.94) -
Catena 2007 151 56 21 134 33 25 10.3  17.00 (-10.22, 44.22) T
Goh 2010 145 26.1 14 95 425 39 11.9 50.00 (30.90, 69.10) —
Hsiao 2014 146.6 50.2 18 1133 429 21 9.9 33.30 (3.73, 62.87) —
Ishikawa 2006 118 55 14 165 108 7 3.2 —-47.00 (-132.04, 38.04) - 1
Karakousis 2011 96 38 40 89 548 40 11.6 7.00 (-13.67, 27.67) T
Mochizuki 2006 111.3 33.8 12 124.5 416 10 9.4 —-13.20 (-45.30, 18.90) N
Shimizu 2002 145 43 11 127 33 8 9.0 18.00 (-16.19, 52.19) T
Wan 2012 85 45 63 110 60 64 12.0 -25.00 (-43.43,-6.57) -
Wu 2010 1296 36.1 15 110.8 38.1 13 10.3 18.80 (-8.82, 46.42) T
Total (95% CI) 233 252 100.0  8.67 (-8.60, 25.94) ?
Heterogeneity: 1 = 558.97; 42 = 42.16, df = 9 (p < 0.00001); 1 = 79% ’ * ' * ’
Test for overall effect: Z=0.98 (p = 0.33) -200 -100 0 100 200

Favours (laparoscopy)  Favours (open)

Figure 2. Meta-analysis of the pooled data operation time (minutes)

group (RR = 0.45, 95% Cl: 0.25-0.83, p = 0.01) (Fig-
ure 7). The funnel plots in Figures 8 and 9 were sym-
metric, proving that no serious publication bias ex-
isted. Table Il summarizes the special postoperative
complications in these studies.

Tumor size was reported in all 10 studies. On the
basis of the analysis of 485 resections, compared
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with the tumor size for OPEN, the tumor size for LAP
was slightly smaller (WMD —0.56 cm, 95% Cl: —=1.02
to —0.10, p = 0.02) (Figure 10). There were 7 stud-
ies that recorded tumor recurrence in the follow-up
period. Compared with the recurrence risk of 4.2%
(7 of 167) in OPEN, the risk in LAP was 3.5% (5 of
144). Patients who underwent LAP were less likely
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Study or Laparoscopy Open Weight Mean difference Mean difference
subgroup Mean SD Total Mean SD Total (%) IV, random, 95% Cl 1V, random, 95% Cl
Angelis 2014 544 37.2 25 987 404 25 16.2 -44.30 (-65.83,-22.77) -

Goh 2010 75 96.8 14 0 300 39 4.0 75.00 (-31.94, 181.94) ]

Hsiao 2014 422 40.7 18 514 584 21 14.1 —9.20 (-40.46, 22.06) =

Karakousis 2011 25 48.8 40 100 98.8 40 13.5 =75.00 (-109.15, —40.85) -

Mochizuki 2006 25 32.3 12 885 68.1 10 11.0 -63.50 (-109.49, -17.51) —

Shimizu 2002 97 107 11 107 47 8 7.0 —-10.00 (-81.13, 61.13) I B

Wan 2012 50 43.8 63 100 825 64 15.9 -50.00 (-72.92,-27.08) -

Wu 2010 35,5 11.7 15 403 12.1 13 18.2 —4.80 (-13.65, 4.05) T

Total (95% Cl) 198 220 100.0 -32.20 (-56.15,-8.26) 4

Heterogeneity: 12 = 800.62; x? = 39.48, df = 7 (p < 0.00001); I* = 82% + + + +
Test for overall effect: Z = 2.64 (p = 0.008) -200 -100 0 100 200

Favours (laparoscopy) Favours (open)

Figure 3. Meta-analysis of the pooled data intraoperative blood loss

Study or Laparoscopy Open Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% Cl

Angelis 2014 32 18 25 53 3.1 25 7.7 -2.10 (-3.51,-0.69) —

Goh 2010 25 12 14 7 175 39 Not estimable

Ishikawa 2006 2.1 08 14 3.5 0.8 7 21.4 -1.40 (-2.13,-0.67) -

Mochizuki 2006 2 06 12 38 09 10 24.3 —-1.80 (-2.45,-1.15) -

Shimizu 2002 1.5 05 11 3.1 0.6 8 31.7 -1.60(-2.11,-1.09) -

Wu 2010 27 07 15 32 16 13 14.9 —0.50 (-1.44, 0.44) ™

Total (95% ClI) 77 63 100.0 -1.48(-1.90,-1.06) ‘

Heterogeneity: 12 = 0.08; 2 = 6.09, df = 4 (p = 0.19); 1> = 34% b } i i
Test for overall effect: Z = 6.93 (p < 0.00001) -10 -5 0 5 10

Favours (laparoscopy)  Favours (open)

Figure 4. Meta-analysis of the pooled data time to first flatus

Study or Laparoscopy Open Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) 1V, random, 95% CI IV, random, 95% CI

Goh 2010 2 1.2 14 3 1.5 39 17.4 -1.00 (-1.79,-0.21) .

Ishikawa 2006 29 09 14 52 1.6 7 13.3 -2.30 (-3.58,-1.02) -

Mochizuki 2006 23 09 12 55 12 10 16.4 -3.20 (-4.10,-2.30) =

Shimizu 2002 3 1.7 11 43 09 8 14.0 —-1.30 (-2.48,-0.12) ]

Wan 2012 3 1.8 63 4 1.3 64 19.3 -1.00 (-1.55,-0.45) -

Wu 2010 31 05 15 3.7 08 13 19.6 —0.60 (-1.10,-0.10) -

Total (95% Cl) 129 141 100.0 -1.50 (-2.25,-0.74) <

Heterogeneity: 12 = 0.69; 32 = 28.01, df = 5 (p < 0.0001); I> = 82% b i : !
Test for overall effect: Z = 3.90 (p < 0.0001) -10 -5 0 5 10

Favours (experimental) Favours (control)

Figure 5. Meta-analysis of the pooled data time to oral intake

to develop tumor recurrence than those who under-  Discussion
— o, . . —
went OPEN (RR = 0.82, 95% Cl: 0.27-2.45, p = 0.72) As one of the most common mesenchymal tu-

(Figure 11). Table IV summarizes the data concern- 515 GISTs from the gastrointestinal tract have
ing special recurrence sites and recurrence patterns,  attracted increasing attention. In 70% of cases,
as well as the survival results. the stomach is the site of origin. With the develop-
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Study or Laparoscopy Open Weight Mean difference Mean difference
subgroup Mean SD Total Mean SD Total (%) 1V, random, 95% CI 1V, random, 95% Cl
Angelis 2014 5.8 2 25 81 37 25 10.4 —2.30 (-3.95,-0.65) -

Catena 2007 48 16 21 7.1 1.2 25 20.9 -2.30 (-3.13,-1.47) =

Goh 2010 48 1.7 14 6 3.5 39 12.7 -1.20 €—2.61, 0.21; -

Hsiao 2014 84 29 18 96 24 21 10.1 -1.20 (-2.89, 0.49 =

Ishikawa 2006 11 42 14 187 9.9 7 0.7 —7.70 (-15.36, -0.04)

Karakousis 2011 4 1.3 40 7 53 40 10.1 -3.00 (-4.69,-1.31) -

Mochizuki 2006 7.8 1.5 12 24 122 10 Not estimable

Shimizu 2002 13.2 37 11 208 6.1 8 1.8 -7.60 (-12.36,-2.84) I

Wan 2012 7 48 63 9 25 64 13.6 -2.00 (-3.33,-0.67) -

Wu 2010 58 12 15 72 12 13 19.9 -1.40 (-2.29,-0.51) *

Total (95 CI) 221 242 100.0 -2.03 (-2.68,-1.38) ‘
Heterogeneity: 12 = 0.34; y? = 13.22,df =8 (p = 0.10); I* = 39% t t t t
Test for overall effect: Z = 6.14 (p < 0.00001) -20 -10 0 10 20

Figure 6. Meta-analysis of the pooled data hospital stay

Favours (laparoscopy)

Favours (open)

Study or Laparoscopy Open Weight Risk ratio Risk ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% ClI
Angelis 2014 1 25 5 25 17.7 0.20 (0.03, 1.59) = [
Catena 2007 0 21 1 25 4.9 0.39 (0.02, 9.19)
Ishikawa 2006 0 14 0 7 Not estimable
Karakousis 2011 6 40 10 40 35.3 0.60 (0.24, 1.49) —
Mochizuki 2006 3 12 4 10 15.4 0.63 (0.18, 2.16) T
Shimizu 2002 0 11 0 8 Not estimable
Wan 2012 2 63 6 64 21.0 0.34 (0.07, 1.61) " [
Wu 2010 0 15 1 13 5.7 0.29 (0.01, 6.60)
Total (95% Cl) 201 192  100.0 0.45 (0.25, 0.83) >
Total events 12 27
Heterogeneity: 2 = 1.44, df = 5 (p = 0.92); 1> = 0% : ’ ’ ’
Test for overall effect: Z=2.57 (p = 0.01) 0.005 0.1 1 10 200
Favours (laparoscopy)  Favours (open)
Figure 7. Meta-analysis of the pooled data overall complications
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Figure 8. Funnel plot of the hospital stay

ment of new treatment methods, the importance
of imatinib has been identified [1, 2]. However, in
accordance with the 2010 NCCN guidelines and the
European Society for Medical Oncology clinical rec-
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Figure 9. Funnel plot of the overall postoperative
complications

ommendations in 2012, the most common treat-
ment for primary GISTs is surgical resection without
dissection of negative lymph nodes [4]. In addition,
recent studies indicate that the prognosis primarily
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Table lIl. Systematic review of postoperative complications

Author LAP OPEN
WU et al. None lleus*1
Mochizuki et al. Pneumothrax*l Did not specified*4

Pneumonia*1
Bowel injury*1

Karakousis et al. Gl bleeding*1 Pneumonia*1
Leakage lead to abdominal collection*1 Deep venous thrombus *1
Did not specified*4 Did not specified*8
Wan et al. Wound infection*1 Pyrexia of unknown origin*4
Anastomosis site bleeding*1 Wound infection*1
Wound dehiscence*1
Catena et al. None Wound infection*1
Angelis et al. Pulmonary infection*1 Hemorrhage*1

Wound abscess *2
Pulmonary infection*2

Study or Laparoscopy Open Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) 1V, random, 95% CI IV, random, 95% Cl

Angelis 2014 52 22 25 62 28 25 7.3 -1.00 (-2.40, 0.40) T

Catena 2007 45 2 21 62 19 25 9.4 -1.70 (-2.83,-0.57) I

Goh 2010 34 17 14 45 13 39 111 -1.10 (-2.08,-0.12 -

Hsiao 2014 6.3 1 18 6 09 21 16.1 0.30 (-0.30, 0.90 il

Ishikawa 2006 29 1 14 85 76 7 0.6 -5.60 (-11.25, 0.05) ¢

Karakousis 2011 36 1.8 40 43 18 40 13.4 -0.70 (-1.49, 0.09) —

Mochizuki 2006 29 1 12 31 09 10 13.3 -0.20 (-0.99, 0.59) -

Shimizu 2002 3.7 1 11 57 43 8 2.1 —2.00 (-5.04, 1.04) - 1

Wan 2012 32 16 63 3.6 17 64 16.5 -0.40 (-0.97,0.17) =T

Wu 2010 26 18 15 25 1 13 10.2 0.10 (-0.96, 1.16) T

Total (95% Cl) 233 252 100.0 -0.56 (-1.02,-0.10) l ‘ * ‘ ‘
Heterogeneity: 12 = 0.25; 2 = 18.88, df = 9 (p = 0.03); I* = 52% ' ' ' '
Test for overall effect: Z=2.39 (p = 0.02) -10 -5 0 5 10

Favours (laparoscopy) ~ Favours (open)

Figure 10. Meta-analysis of the pooled data tumor size

Study or Laparoscopy Open Weight Risk ratio Risk ratio

subgroup Events Total Events Total (%) M-H, random, 95% CI M-H, random, 95% Cl

Angelis 2014 1 25 2 25 22.0 0.50 (0.05, 5.17) I

Catena 2007 0 21 1 25 12.1 0.39 (0.02,9.19) -

Goh 2010 0 14 2 39 13.5 0.53 (0.03, 10.48)

Hsiao 2014 1 18 0 21 12.1 3.47 (0.15, 80.35) "

Ishikawa 2006 2 14 1 7 24.3 1.00 (0.11, 9.23) B —

Karakousis 2011 1 40 1 10 16.0 1.00 (0.06, 15.44)

Mochizuki 2006 0 12 0 10 Not estimable

Total (95% ClI) 144 167 100.0 0.82 (0.27, 2.45) P

Total events 5 7

Heterogeneity: t2 = 0.00; x? = 1.32,df =5 (p = 0.93); * = 0% b i i !
Test for overall effect: Z = 0.36 (p = 0.72) 0.005 0.1 1 10 200

Favours (experimental) Favours (control)

Figure 11. Meta-analysis of the pooled data tumor recurrence
depends on the histological characteristics and tu-  preferred for the treatment of GISTs. Moreover, ow-

mor size rather than on wide resection margins [5].  ing to advances in devices and techniques, laparos-
For the abovementioned reasons, wedge resectionis  copy is now being used in increasingly complicated
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Table IV. Summary of the recurrence patterns and survival outcomes

Author Group Tumor size [cm] Risk Recurrence Survival
Karakousis et al. Laparoscopy 3.5 High Peritoneal 4y alive
OPEN 3.5 Moderate Liver 10y alive
Hsiao et al. Laparoscopy 8 High 4 m liver 4y alive*
Angelis et al. Laparoscopy NR NR Liver 24 m dead
OPEN NR NR Local Alive
OPEN NR NR Liver Alive
Ishikawa et al. Laparoscopy NR Low Local Alive
Laparoscopy 4.5 High Liver 32 m dead
OPEN 25 High Liver 9 m dead
Catena et al. OPEN NR NR NR Dead
Goh et al. OPEN NR NR NR NR
OPEN NR NR NR NR

NR — not reported.

surgical procedures. Therefore, most surgeons con-
sider LAP wedge resection as the main treatment.
Meanwhile, several studies have compared between
OPEN and LAP wedge resection of GISTs of the stom-
ach. The present study attempted to compare OPEN
and LAP wedge resection of GISTs of the stomach by
collecting evidence in terms of patients with gastric
GISTs who underwent either OPEN or LAP wedge re-
section and analyzed the reasons for selecting lapa-
roscopy according to the size and location of the tu-
mor. A total of 10 studies, comprising 485 patients,
were finally included for pooled analysis.

On the basis of the existing analysis, the oper-
ation time [8-17] in the LAP group was not longer
than that in the OPEN group. Possibly because of the
rapid development in LAP instruments and surgical
techniques, the times for closure of the trocar inci-
sion and for the establishment of pneumoperitone-
um in LAP were shorter than the times for opening
and closing of the laparotomy. Additionally, lymph-
adenectomy is not necessarily required because the
probability of lymph node metastasis is low and
lymphadenectomy is a time-consuming and compli-
cated procedure. In the LAP group, blood loss [8-10,
13-17] during the operation was lower according to
the pooled analysis. The application of a harmonic
scalpel is beneficial in reducing blood loss. In addi-
tion, the skilled LAP operative technique, magnified
small vessels, and shorter length of incision mainly

156

contributed to reducing blood loss. Owing to the dif-
ferences among studies with respect to tumor size,
degree of resection, and evaluation approach, the
existing research is inherently flawed and has many
confounding factors. Consequently, the results on
the difference in blood loss among studies should
be explained cautiously.

On the basis of the pooled analysis, which is of-
ten used to assess the safety and feasibility of a sur-
gical procedure, the number of complications [8-14,
16, 17] was reduced in the LAP group. According to
some studies, macrophages and neutrophils are pos-
sibly activated by the prolonged retraction of the in-
testine and the wide range of handling releases sev-
eral inflammatory mediators, causing intestinal wall
edema. The contraction of intestinal smooth muscle
is inhibited because of the cascade of inflammatory
reactions. The LAP is a minimally invasive procedure
with several advantages, such as short time of ab-
dominal cavity exposure, small incision, and less in-
testinal mechanical stimulation and traction, which
result in moderate inflammatory reactions and fa-
cilitate early activities, thus reducing the incidence
rate of adhesions, ileus, incision infection, and inci-
sional hernia. In addition, patients undergoing LAP
have less postoperative pain, which is reflected by
a lower dosage or shorter duration of use of analge-
sics. Patients who underwent OPEN experience diffi-
culties in coughing or in engaging in breathing exer-
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cises because of the serious pain resulting from the
large incision and the application of tension sutures
and abdominal bandages. Thus, these patients de-
velop complications such as pneumonia, especially
elderly patients. According to the present research,
because many complications are reduced and gas-
trointestinal recovery is becoming faster, LAP results
in a shorter time to flatus [9, 10, 13, 14, 16, 17] and
to oral diet [8, 10, 14, 16, 17] as well as to shorter
postoperative hospital stays [8-14, 16, 17].

Owing to the malignant potential of GISTs, long-
term survival is a crucial criterion for patients with
these tumors. As for the main data, our analysis in-
dicated that the recurrence rate after the operation
[10-13, 15, 17]is higher in OPEN than in LAR and the
difference is statistically significant. However, in cer-
tain included studies, the risk level was lower for LAP
than that for OPEN, and the tumor diameter for LAP
was smaller. Table IV shows all the recurrences, and
indicates that patients with recurrence and those
who were transferred were considered the high-risk
group with no direct relationship to the operation
type. As a result, with continuous improvements in
technology, and on the conditions that appropriate
patients are selected and operation protocols (for-
mulated based on the standards for achieving maxi-
mal tumor removal and avoiding tumor rupture) are
strictly followed, we are convinced that LAR, with its
advantages owing to its minimally invasive nature,
can be considered safe and feasible, with nearly the
same long-lasting effect as that of laparotomy.

For the abovementioned reasons, LAP wedge
resection is widely accepted by most surgeons as
treatment for GISTs of the stomach, although the
indications for the procedure with respect to the
tumor size and location remain controversial. For
LAR the choice of tumor size should be seriously
considered with the rapidly progressing techniques.
According to the NCCN in 2004, only tumors < 2 cm
in diameter are indicated for LAP. Three years later,
LAP excision was allowed for tumors up to 5 cm in
diameter. According to the guidelines of the NCCN in
2010, LAP resection is considered comparatively fea-
sible and safe for patients with smaller and low-risk
GISTs of the stomach. LAP resection may remove
gastric GISTs < 5 cm in diameter. As for gastric GISTs
> 5 cm in diameter, a LAP-assisted technique may
be used as support. Apart from the tumor size, the
tumor location also plays an important role in the
selection of patients, especially for LAP wedge resec-
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tion of gastric GISTs. Concerning apparatus for LAR
more room is required for wedge resection on the
greater curvature side because the side of the stom-
ach is longer and bigger than that on the lesser cur-
vature side. Moreover, some gastric GIST tumors are
very large or are in close proximity to the esophago-
gastric junction. Hsiao et al. [15] divided the loca-
tion into 2 types: easy-to-access (greater curvature
side, fundus, antrum) and difficult-to-access (lesser
curvature side, pylorus, cardia) sites. Their study
showed that the rate of difficult-to-access tumors
was not significantly different between the LAP and
OPEN groups, indicating that selecting LAP to treat
gastric GISTs at those difficult-to-access sites was
possible in some cases. However, some researchers
also pointed out that LAP is possibly not the best
choice. In terms of difficult-to-access tumors, it is
generally considered that it is better to hand-sew
incisions instead of stapling to prevent deformity
or stenosis when wedge resection is performed. In
addition, using the LAP suturing technique is also
challenging for most surgeons [18-20]. At present,
no clear guidelines for LAP wedge resection of GISTs
have been established on the basis of the size and
location of the tumor.

On the basis of the abovementioned clinical is-
sues, some researchers have proposed that prox-
imal or distal subtotal gastrectomy is required if
the distance is too close (< 1.5 cm), with an aim to
avoid postoperative gastric inlet or outlet stenosis
[19]. If the distance is relatively close (1.5-3 cm) and
the tumor is relatively large (> 5 cm), then subto-
tal gastrectomy is required and should conform to
the tumor radical resection principle to guarantee
the incisal edge distance. In addition, GISTs can be
divided into the intragastric type and the extragas-
tric type according to the direction of the expansive
growth of the mass. Extragastric tumor is associated
with a less difficult resection because its intraopera-
tive position can be easily identified and the basilar
part can be better judged. However, the position of
the intragastric tumor is difficult to judge because
the laparoscope lacks a sense of touch. As a result,
a way of combining the use of a gastroscope with
a laparoscope has emerged in recent years. The in-
traoperative gastroscope determines the tumor posi-
tion, and the curved cutter stapler is used to remove
the entire tumor from the gastric wall 1-2 cm away
from the tumor margin. In the case of a large mass,
extragastric wedge resection may result in a wide
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gastric wall resection. In this case, the gastric wall
can be cut open first to expose the tumor out of the
gastric cavity (note: gastric wall incision in patients
with mass rupture and internal hemorrhage may
result in tumor dissemination); then, the resec-
tion should be conducted along the tumor margin
from the inside of the gastric cavity with the stapler
(note: a snare can be used to pull the tumor out).
Finally, the gastric wall incision can be closed with
sutures. This method can remove less gastric wall
tissue and preserve the gastric function to a great
extent. However, it can also increase the possibility
of intraoperative contamination and tumor dissem-
ination [21, 22].

Caution is needed when interpreting the results
of this study for several reasons. First, all data in-
cluded in the present study were extracted from
non-randomized controlled trials, although random-
ized controlled trials (RCTs) are best-suited for a me-
ta-analysis. Selecting high-quality RCTs for the eval-
uation of a new surgical intervention is challenging
owing to barriers such as cultural and ethical issues,
learning curve effects, unexpected or urgent condi-
tions during the operation, and the comparatively
low incidence of these tumors. Hence, inclusion of
non-RCTs should only be considered for increasing
the source of evidence owing to the unavailability
of RCTs. Numerous related data were extracted, and
the results were pooled to evaluate the safety and
efficacy of LAP wedge resection of GISTs. It is pos-
sible that the meta-analysis of these data resulted
in less powerful outcomes than if pure RCTs were
analyzed. Second, NOS was used for the quality
evaluation of studies included in the meta-analysis,
although NOS was designed for the evaluation of
the quality of observational studies with a checklist.
However, despite the approach being applied in prac-
tice, it may be more suitable to be used for observa-
tional studies of an epidemiological nature than for
non-randomized interventional studies with a sur-
gical setting. Third, some related studies were not
included in the analysis because they were written
in other languages, had incomplete raw data, or had
publication limitations. All of the abovementioned
limitations possibly led to a non-reliable conclusion.

Conclusions

Laparoscopic wedge resection is feasible and safe
for the treatment of gastric GISTs in terms of short-
term and long-term results. Compared with OPEN,
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LAP is better for a certain cohort of patients, as it
is @ minimally invasive procedure. However, RCTs or
prospective studies are required to further assess
the status of LAP wedge resection for GISTs of the
stomach in comparison with OPEN.
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