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s single incision laparoscopic surgery (SILS)
for gastric gastrointestinal stromal tumor
(GIST) dependent on the location of the
tumor?
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Abstract

Background \We compared the surgical outcomes of single-incision laparoscopic surgery (SILS) and conventional
laparoscopic surgery (CLS) for gastric gastrointestinal stromal tumor (GIST).

Methods We performed single-incision gastric wedge resection on prospectively-enrolled 15 consecutive patients
with gastric GIST between November 2020 and April 2022 in a single tertiary center. The early perioperative outcomes
of these patients were compared to those of patients who underwent CLS. The indications did not differ from those
for conventional laparoscopic procedures for gastric GIST.

Results In total, 30 patients were assigned to the SILS (n=15) and CLS (n=15) groups. There were no significant
differences in the estimated blood loss and intraoperative blood transfusion between the SILS and CLS groups.

There were no intraoperative complications or conversions to multiple-port or open surgery in the SILS group.
Proximally located tumors were more commonly treated with CLS than with SILS (P=0.045). GISTs located in the
greater curvature were more commonly treated with SILS than with CLS, although the difference was not statistically
significant (P=0.08). The mean incision length in the SILS group was 4.1 cm shorter than that in the CLS group
(3.2+0.7 and 7.3+£5.2 cm, respectively, P=0.01). The postoperative analgesic dose was significantly lower in the SILS
than in the CLS group (0.4 + 1.4 and 2.1+ 2.3, respectively P=0.01). Also, the duration of postoperative use of analgesic
was shorter in SILS than in CLS (04+0.7 and 2.0+ 1.8, respectively, P=0.01). There were no significant differences in
the early postoperative complications between the groups.

Conclusions SILS is as safe, feasible, and effective for the treatment of gastric GIST as CLS with comparable

postoperative complications, pain, and cosmesis. Moreover, SILS can be considered without being affected by the
type or location of the tumor.
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Introduction

Gastrointestinal stromal tumors (GISTs) are rare stromal
tumors of the gastrointestinal tract that have malignant
potential [1]. Gastric GIST is the most common type,
accounting for 70% of all GISTs [2]. GISTs smaller than
5 cm may be treated by laparoscopic resection performed
by experienced surgeons if tumor free resection margins
can be achieved, tumor capsule is preserved, and tumor
spillage is avoided [3]. Gastric GIST has the best progno-
sis among all GISTs [4]. Traditionally, open resection was
preferred by surgeons, but as the era of minimally inva-
sive surgery started, laparoscopic resection has become
the treatment of choice. Laparoscopic GIST wedge resec-
tion is comparable to open surgical resection in terms of
the duration of surgery and complication rate. Moreover,
it is associated with significantly less intraoperative blood
loss, faster first flatus passage, earlier resumption of oral
intake and mobilization and shorter hospital compared
to open surgical resection [5].

Laparoscopic surgery has commonly been performed
in the field of general surgery since the late 1980s [6]. Fur-
thermore, laparoscopic gastrectomy was already proven
to be a safe procedure with better short-term outcomes
and recommended when performed by skillful surgeons
[7]. The reduced number of ports in laparoscopic surgery
has allowed the development of single-port laparoscopic
surgeries. The first single-incision laparoscopic surgery
(SILS) involved an appendectomy and was performed
by Pelosi in 1992 [8]. SILS has become popular due to
its acceptable clinical outcomes and good cosmetic out-
comes [9]. In particular, single-port appendectomy,
cholecystectomy, and bariatric surgery are performed
worldwide [10-12]. There are a few sporadic reports of
gastric GIST resection by SILS using special equipment
and a small incision [13-15]. Wu et al. [16] and Takata
et al. [17] also investigated several cases of single-port
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surgery for gastric submucosal tumor and proved the
safety of SILS in 2013 and 2014. Afterwards, Kong et al.
[18] identified 19 cases of gastric GIST treated using SILS
and compared the outcomes of SILS and conventional
laparoscopic surgery (CLS). However, they excluded
tumors located at the cardia and pylorus [18]. To the
best of our knowledge, the present study is the first to
compare the surgical outcomes of SILS and CLS in pro-
spectively-collected consecutive cases of gastric GIST,
regardless of the tumor location.

In this study, we investigated the safety and feasibility
of SILS in gastric GIST and compared the surgical out-
comes including complications, cosmetic results, and use
of analgesics between SILS and CLS. Additionally, we
investigated whether SIILS for gastric GIST is dependent
on the location of the tumor.

Materials and methods
Patients
This study was approved by the Institutional Review
Board of St. Vincent’s Hospital, The Catholic Univer-
sity of Korea (VC23RASI0016). Informed consent was
received from all patients. We analyzed the periopera-
tive outcomes of single-incision gastric wedge resection
procedure of 15 consecutive patients with gastric GIST
between January 2020 and October 2022. Laparoscopic
gastric wedge resection was performed for patients with
gastric GISTs smaller than 5 cm regardless of their loca-
tion. The indications for resection did not differ from
those for CLS (Fig. 1). The surgical method was selected
based on the surgeons’ preference. One surgeon (K.J.)
performed SILS, whereas the other surgeons (H.C. and
K.P) performed CLS.

We collected the following patients’ demographic data:
age, sex, American Society of Anesthesiologists classifica-
tion (ASA), body mass index (BMI), history of abdominal

43 patients were enrolled

v
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Leiomyoma (n=1)
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15 analyzed

Fig. 1 Flow chart for patient selection

v

CLS (n=27)

12 excluded
Leiomyoma (n=6)
Ectopic pancreas (n=5)

Duplication cyst (n=1)

15 analyzed




Seo et al. BMC Surgery (2023) 23:247

surgery, and endoscopic and radiologic features of the
tumor including size and location. The intraoperative
findings included operative time, estimated blood loss,
need for additional ports, conversion to open approach,
and any postoperative complications. The postoperative
outcomes included morbidity and mortality within 30
days of surgery, length of hospital stay, duration of pain,
frequency of analgesic use, and time to initiation of soft
diet. The postoperative morbidities were classified based
on the Clavien-Dindo classification system, and pathol-
ogy reports were reviewed.

Single-incision laparoscopic gastric wedge resection
procedure

A single surgeon performed all procedures. Under gen-
eral anesthesia, the patient was placed in the supine
reverse Trendelenburg position with both arms abducted.
We made a 2.5- 3.0 cm long trans-umbilical incision
through which a Glove Port device (Meditech Inframed
Corp., Seoul, South Korea) containing a 10-15 mm
port and three 3—-10 mm ports was placed (Additional
File Fig. 1). For tumors located near the esophagogas-
tric junction (EGJ), the Glove Port device was inserted
through the abdominal wall into the stomach and kept

Table 1 Patient demographics and clinicopathological
characteristics

Variable SILS(n=15) CLS(n=15) Pvalue
Age (years) 59.7+126 586+126 0.84
Sex 8(57.1) 5(33.3) 037
Male 7 (429 10 (66.7)
Female
BMI (kg/mz) 247+34 253+38 0.71
ASA score 15 (100) 12 (80.0) 0.52
| 0 3(20.0)
Il
History of abdominal surgery 11 (71.4) 11(733) 0.92
No 4(28.6) 4(26.7)
Yes
Tumor location 4(28.6) 7 (46.7) 0.045
Upper 11(714) 3(20.0)
Middle - 5(33.3)
Lower
Gastric circumference 2(14.3) 3(20.0) 0.08
Lesser curvature 11(714) 3(20.0)
Greater curvature - 5(333)
Anterior wall 2(143) 4(26.7)
Posterior wall
Location of gastric wall 4(28.6) 7 (46.7) 033
Submucosal 11(714) 8(53.3)
Subserosal
Tumor size (cm) 32+07 35+13 0.41
Modified NIH classification 13(85.7) 8(53.3) 032
Low 2(14.3) 6 (40.0)
Intermediate - 1(6.7)
High

Parentheses are percentage

Page 3 of 8

it in place by suspending the stomach from the anterior
abdominal wall with sutures. At the end of the procedure,
the gastric wall opening was closed using an endoscopic
stapler. Pneumoperitoneum was achieved using carbon
dioxide insufflation, and a continuous intra-abdominal
pressure of 12 mmHg was maintained. The surgeon stood
on the right side of the patient. The assistant stood on
the left side of the patient, and the scopist stood between
the legs of the patient. A 5- mm ENDOEYE FLEX scope
(Olympus Medical Systems Corp., Tokyo, Japan), energy
device (LigaSure™, Medtronic, Minneapolis, MN, USA),
and grasper were inserted via the 3—-10 mm port, whereas
the stapler (Signia™ stapling system, Medtronic, Minne-
apolis, MN, USA) was inserted via the 10-15 mm port. A
45- mm or 60- mm endoscopic stapling device was used
for gastric wedge resection after dividing the feeding ves-
sels using an energy device. The umbilical incision was
extended to a length of the tumor size, and the specimen
was removed from the abdomen in a plastic bag. We did
not routinely insert an intra-abdominal drain.

Conventional laparoscopic gastric wedge resection
procedure

In the CLS group, three to five ports were used. An 11-
mm trocar was inserted through an infraumbilical inci-
sion, and pneumoperitoneum was established with
carbon dioxide. A 12- mm trocar was inserted in the
right mid- clavicular line, 2 cm above the umbilicus. The
additional 5- mm trocars were then placed in both pre-
axillary lines, 2 cm below the costal margin, or the left
mid-clavicular line, 2 cm above the umbilicus. The opera-
tions were performed as described previously.

Statistical analysis

Data were analyzed using SPSS software (ver. 21.0; IBM
Corp., Armonk, NY, USA). Continuous variables are
expressed as meanststandard deviations (SDs). Analysis
of unpaired continuous variables was conducted using
Student’s t-test. Paired continuous variables were ana-
lyzed using paired ¢-test. Categorical variables were com-
pared using chi-squared test. The relationship between
two variables was analyzed using Pearson correlation
analysis. P<0.05 was considered statistically significant.
All tests were two-sided unless otherwise indicated.

Results

Patient characteristics

The demographics and pathological characteristics of the
enrolled patients are summarized in Table 1. There were
no significant differences in the baseline characteristics of
patients, including age, sex, BMI, ASA score, and history
of abdominal surgery between the SILS and CLS groups.
Proximal tumor location was more common in the CLS
group than in the SILS (P=0.045). GISTs located in the
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greater curvature were more commonly treated with
SILS than with CLS, although the difference was not sta-
tistically significant (P=0.08). The mean tumor size was
not different between the SILS and CLS (P=0.41). Addi-
tionally, the risk of GIST according to the modified NIH
classification was not different between the groups.

Postoperative clinical course and pain
As shown in Table 2, there were no significant differences
in the estimated blood loss and intraoperative blood
transfusions between the SILS and CLS groups. There
were no intraoperative complications or conversions to
multiple-port or open surgeries in the SILS group. How-
ever, there was one case of conversion to open surgery in
the CLS group because of difficulty in the radical opera-
tion. The mean incision length in the SILS group was
4.1 cm shorter than that in the CLS group (3.2+0.7 and
7.315.2 cm, respectively, P=0.01). The mean operation
time was 12 min shorter in the SILS group than in the
CLS group (66.7+33.8 and 78.7+35.4 min, respectively),
however, the difference was not statistically significant
(P=0.46). There were no significant differences between
the SILS and CLS groups in terms of the mean time until
the first postoperative solid intake and postoperative hos-
pital duration. Additionally, the inflammatory markers,
including white blood cell count on the first day after sur-
gery were not significantly different between the groups.
The postoperative analgesic doses were significantly
lower in the SILS group than in the CLS (0.4+1.4 and
2.1£2.3, respectively, P=0.01). Also, the duration of post-
operative analgesic use was shorter in SILS than in CLS
(0.4%0.7 and 2.011.8 days, respectively, P=0.01).

Postoperative intra-abdominal complications

Table 3 presents the surgical complications of the study
patients. In the CLS group, two (13.3%) patients had early
complications (one had anastomotic leakage, and the
other had one wound infection). By contrast, in the SILS
group, there were no early postoperative complications.
One of the complications had a Clavien-Dindo grade
II. None of the patients in the groups required reopera-
tion or readmission. Furthermore, there were no cases of
intraoperative or postoperative death.

Discussion

There were no significant differences in the intraoperative
and postoperative complications between the SILS and
CLS groups. Moreover, none of the patients who under-
went SILS required open conversion or additional trocar
insertion. Although the mean operation time was shorter
in the SILS group than in the CLS group, the difference
was not statistically significant. The frequency and dura-
tion of postoperative analgesic use was significantly lower
in the SILS than in the CLS group. Therefore, SILS is
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Table 2 Intraoperative and postoperative findings

Variable SILS (n=15) CLS(n=15) P
value
Operation time (minutes) 66.7+33.8 78.7+354 046
Blood loss (mL) 25+22 78+125 0.28
Incision (cm) 32407 73452 0.01
Conversion 0 - 031
To multiple port 0 1
To open surgery
Transfusion 0 1.000
Time to first solid intake 25417 30407 041
(days)
Frequencies of analgesic 04+14 21423 0.01
Duration of use of analgesic ~ 04+0.7 20£18 0.01
(days)
Hospital stays (days) 6.1+15 74+38 0.28
White blood cell count, 5921+1407.2 5978+1591.8 0937

x10%/ul
Preoperative
Postoperative

8705.7+3646.2 9599+24156 0.57

Parentheses are percentage

Table 3 Postoperative intra-abdominal infectious complications

Variable SILS (n=15) CLS Pvalue
(n=15)
Complication 15 (100) 13(86.7) 0311
No - 2(133)
Yes
Surgical complications 0 1
Grade | 0 1
Wound infection
Grade Il
Leak
Reoperation 0 0 1.00
Readmission 0 0 1.00
Postoperative mortality 0 0 1.00

Parentheses are percentage

safe and feasible for the treatment of gastric GIST. In the
previous decade, improved knowledge of the biological
behavior of GIST, as well as increased detection of this
pathology has increased the interest in precise, segmental
and mini-invasive resection techniques based on sound
oncologic principles [19]. Importantly, lymph node dis-
section is not necessary because GIST rarely metasta-
sizes to the lymph nodes. Moreover, the development of
new operative tools and new operative techniques may
improve the usefulness of SILS for gastric GIST. There-
fore, SILS may become the preferred treatment for GIST
in the future.

GISTs may develop in any part of the stomach [20]. The
level of difficulty in resection depends on the location of
gastric GISTs. Gastric anterior wall is easier to approach
than the posterior wall, and the greater curvature is eas-
ier to approach than the lesser curvature. If the tumor
is located on the posterior wall of the stomach, the gas-
trocolic omentum should be dissected, and the greater
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curvature should be mobilized to approach the lesion
[21]. Moreover, it is difficult to use staplers on masses
located at the posterior wall of the lesser curvature. In
such cases, the tumor may be resected using laparoscopic
ultrasound shears or a vascular sealing device instead
of using a stapler that may result in deformation of the
stomach and stenosis [22]. Finally, the proximal part is
more difficult to access than the distal part. In particular,
GISTs located near the EGJ are the most challenging to
approach because EGJ narrowing may develop frequently
after resection [23]. In other words, certain locations
of GISTs may be more suitable for SILS. In the present
study, SILS was performed less frequently for proxi-
mally located tumors and endophytic tumors, although
the difference was not statistically significant. Preopera-
tive imaging studies are required to select the appropri-
ate surgical technique. Endoscopic ultrasonography and
computed tomography are useful to determine the pre-
cise location of the GIST [24, 25]. In the present study,
we performed preoperative endoscopic ultrasonography
and abdominal computed tomography for both groups.
The surgery was performed after the location of the gas-
tric GIST was identified.

For GISTs located near the EGJ, extragastric approach
is difficult because dissection along the greater curva-
ture by ligating the short gastric vessels near the spleen
is necessary [26]. Similarly, extragastric approach is com-
plicated when endophytic GIST is located in the cardia
or high body. Tumor identification and localization solely
by visual exploration and palpation of the abdominal
cavity during laparoscopy is not always successful [27].
Laparoscopic intraluminal (intragastric) surgery is useful
to resect endophytic GISTs located near the EGJ (Fig. 2).
In this approach, first described by Ohashi in 1995, the
laparoscopic ports are passed through the abdominal
wall, and then the gastric wall, into the gastric cavity [28].
When the intragastric approach is performed in cases of
endophytic GISTs located in the cardia, multiple gastric

Fig. 2 View of intragastric SILS
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holes are required to reach the gastric cavity for CLS. By
contrast, a single gastric incision is required for SILS,
which avoids the need for multiple gastric wall defects.
A Glove Port is inserted through the incisional site on
the anterior wall of the stomach and maintained in place
by suspending the stomach from the anterior abdominal
wall using sutures. In the present study, two intragastric
surgeries were performed. An endoscopic stapler was
used for resection in a single case, whereas in another
case, the mass was resected using an energy device. In
both cases, subsequent barbed suturing was performed.
After suturing, an indocyanine green leak test was per-
formed. There were no conversions to multiple-port
or open surgeries in the intragastric SILS group in this
study. Additionally, no EG]J stenosis was observed in
either case in follow-up endoscopy. Intragastric approach
makes patients with endophytic GIST near the cardia be
undergone SILS safely.

The size of the submucosal tumor plays an important
role in the selection of the operative technique. For wedge
resection using a linear stapler, the radius of the resected
gastric wall must be 2n-fold greater than the radius of
the tumor. Therefore, the gastric wall defect should be
3-fold larger than the tumor size. For large tumors, this
may cause deformation of the stomach and stenosis [29].
In the present study, the mean tumor size was not dif-
ferent between the SILS and CLS groups, and did not
exceed 5 cm. Lee et al. [30] proposed a decision-making
algorithm based on tumor size, location, and growth pat-
tern using receiver operating characteristic curve analysis
and multivariate logistic regression of 57 patients with
submucosal tumor treated using laparoscopic and endo-
scopic cooperative techniques. In the present study, the
size, location, and growth pattern of gastric GIST influ-
enced the outcomes of SILS although multivariate analy-
sis was not performed due to the small sample size.

The greatest advantage of minimally invasive surgery
is the smaller incision compared to open surgery. Previ-
ous meta-analyses and randomized controlled trials have
reported better cosmetic results and patient satisfaction
with minimally invasive surgery compared to open sur-
gery [31, 32]. Although trocars used for multiple port
laparoscopic surgery have a size<12 mm, the sum of the
length of the trocar sites are longer than that for SILS.
In the present study, the length of the SILS incision was
shorter than the sum of incision lengths for the conven-
tional laparoscopic surgery. Most surgeons use an umbil-
ical incision for SILS. As a result, postoperative wounds
are barely visible because of the umbilical dimple. Deveci
et al. [33] found that SILS was associated with improved
cosmetic satisfaction compared to conventional laparo-
scopic surgery. Similarly, in the present study, the SILS
wound was barely noticeable, leading to improved cos-
metic results (Additional File Fig. 2).
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The use of analgesics was significantly less common
in the SILS group than in the CLS group. Moreover, the
duration of use of analgesics was shorter in the SILS
group than in the CLS group, indicating less postopera-
tive pain in the former. Postoperative pain depends on
several factors including the length of incision, number
of ports, and individual sensitivity to pain [34]. Fewer
incisions in the abdominal wall may lead to decreased
parietal pain. Incision sites are painful due to trauma and
fascial tension created by surgical closure [35]. Omori et
al. [35] also found that the 5- mm and 12- mm trocars
produced constant pain and that differences in trocar
diameter did not affect postoperative pain. In the pres-
ent study, pain in the upper abdomen, where no incision
was made, might have been less in the SILS group than in
the CLS group, leading to less frequent and shorter dura-
tion of analgesic use. Moreover, Bulut et al. [36] found
that the median levels of C-reactive protein were signifi-
cantly lower in a single-port surgery group than in a mul-
tiple-port surgery group, indicating that the former had
positive effects on the acute phase response to trauma-
induced immunomodulation. By contrast, postoperative
white blood cell count was lower in the SILS group than
in the CLS group, although the difference was not statis-
tically significant.

Although this study was the surgeon’s initial experi-
ence with SILS for gastric GIST, there were no signifi-
cant differences in postoperative complications between
the SILS and CLS groups. In the CLS group, two patients
experienced surgical complications. However, none of
the patients in the SILS group experienced any compli-
cations. Previous studies of gastric GISTs have found
that the complication rate is lower for SILS than for CLS
[37, 38]. These results suggest that SILS is safe and fea-
sible for the treatment of GIST. Additionally, Kong et
al. [18] found that the operative time was shorter for an
SILS group than for a conventional group. In the present
study, the mean operation time was shorter in the SILS
group than in the CLS group, although the difference was
not statistically significant. The operation time for SILS
have been reduced because the operator had previously
performed multiple-port laparoscopic gastric wedge
resections. SILS was only performed once the operator
had overcome the learning curve. Therefore, the surgi-
cal outcomes of SILS may be better than those of CLS.
Moreover, the laparoscopic and endoscopic rendezvous
and the suture-lesion-lifting methods for the resection
of gastric GISTs may assist novice operators to over-
come the obstacles in learning SILS even when one has
no experience in performing these combination meth-
ods [17, 39]. Future studies should perform intraopera-
tive endoscopy with SILS to accurately identify the tumor
location and confirm the absence of postoperative bleed-
ing and leakage.

Page 6 of 8

This study had certain limitations. First, our results
have limited generalizability because of the small sample
size. We only investigated the outcomes of 30 patients.
Future studies should include a larger sample size. Sec-
ond, we could not exclude the presence of selection bias.
We did not use randomization to select the surgical tech-
nique. Future studies are needed to validate the selection
criteria for SILS and CLS. Since this study is a pilot study,
we plan to investigate a randomized controlled trial with
a bigger sample in the future. Finally, we did not use the
visual analogue scale score to assess postoperative pain.
Further studies should use numeric scores to evaluate
postoperative pain.

In conclusion, SILS is safe, feasible, and effective for the
treatment of gastric GIST, and has comparable postop-
erative complications, pain, and cosmesis to CLS. More-
over, SILS can be considered without being affected by
the type or location of the tumor. SILS may be an alter-
native for the treatment of gastric GIST. Further studies
with longer follow-up are needed to determine if SILS is
superior to CLS for the treatment of gastric GISTs.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512893-023-02141-0.

Additional File Fig. 1: Port placement of single port laparoscopic gastric
wedge resection.

Additional File Fig. 2: Postoperative view of the patient with single port
laparoscopic gastric wedge resection.

Acknowledgements
This manuscript was edited for language by Textcheck.

Authors’ contributions

JiWon Seo and Kyong-Hwa Jun wrote the main manuscript text. Ki Bum
Park and Hyung Min Chin prepared Figs. 1 and 2. All authors reviewed the
manuscript.

Funding
This work received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Data Availability

The datasets generated during the current study are not publicly available
due to our institution’s policy, but are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of St.Vincent's
Hospital, The Catholic University of Korea (VC23RASI0016) and complied

with its ethical standards. The study was performed in accordance with the
Declaration of Helsinki and all patients’ written informed consents were taken
after oral and written explanations were made.

Consent for publication
Not applicable.

Conflict of Interest
The authors declare that they have no competing interests.


https://doi.org/10.1186/s12893-023-02141-0
https://doi.org/10.1186/s12893-023-02141-0

Seo et al. BMC Surgery

(2023) 23:247

Received: 20 May 2023 / Accepted: 5 August 2023
Published online: 21 August 2023

References

1.

Pidhorecky I, Cheney RT, Kraybill WG, Gibbs JF. Gastrointestinal stromal
tumors: current diagnosis, biologic behavior, and management. Ann Surg
Oncol. 2000;7(9):705-12. https://doi.org/10.1007/510434-000-0705-6.
Miettinen M, Sobin LH, Lasota J. Gastrointestinal stromal tumors of the stom-
ach: a clinicopathologic, immunohistochemical, and molecular genetic study
of 1765 cases with long-term follow-up. Am J Surg Pathol. 2005;29(1):52-68.
https://doi.org/10.1097/01.pas.0000146010.92933.de.

Demetri GD, von Mehren M, Antonescu CR, DeMatteo RP, Ganjoo KN, Maki
RG, et al. NCCN Task Force report: update on the management of patients
with gastrointestinal stromal tumors. J Natl Compr Canc Netw. 2010;8(0
2):1-41. https://doi.org/10.6004/jnccn.2010.0116. quiz S2-4.

Zhang H, Liu Q. Prognostic indicators for gastrointestinal stromal tumors:

a review. Transl Oncol. 2020;13(10):100812. https://doi.org/10.1016/j.
tranon.2020.100812.

Cai JQ, Chen K, Mou YP, Pan'Y, Xu XW, Zhou YC, et al. Laparoscopic versus
open wedge resection for gastrointestinal stromal tumors of the stom-

ach: a single-center 8-year retrospective cohort study of 156 patients

with long-term follow-up. BMC Surg. 2015;15:58. https://doi.org/10.1186/
512893-015-0040-2.

Himal HS. Minimally invasive (laparoscopic) surgery. Surg Endosc.
2002;16(12):1647-52. https://doi.org/10.1007/500464-001-8275-7.

Bracale U, Pignata G, Lirici MM, Huscher CG, Pugliese R, Sgroi G, et al. Laparo-
scopic gastrectomies for cancer: the ACOI-IHTSC national guidelines. Minim
Invasive Ther Allied Technol. 2012;21(5):313-9.

Pelosi MA, Pelosi MA 3. Laparoscopic appendectomy using a single umbilical
puncture (minilaparoscopy). J Reprod Med. 1992;37(7):588-94.

Evans L, Manley K. Is there a Cosmetic advantage to single-incision
Laparoscopic Surgical Techniques over Standard laparoscopic surgery? A
systematic review and Meta-analysis. Surg Laparosc Endosc Percutan Tech.
2016;26(3):177-82. https://doi.org/10.1097/s1e.000000000000026 1.

Chow A, Purkayastha S, Nehme J, Darzi LA, Paraskeva P. Single incision
laparoscopic surgery for appendicectomy: a retrospective compara-

tive analysis. Surg Endosc. 2010;24(10):2567-74. https://doi.org/10.1007/
500464-010-1004-3.

LyuY, Cheng Y, Wang B, Zhao S, Chen L. Single-incision versus conven-
tional multiport laparoscopic cholecystectomy: a current meta-analysis of
randomized controlled trials. Surg Endosc. 2020;34(10):4315-29. https://doi.
0rg/10.1007/500464-019-07198-8.

Huang CK. Single-incision laparoscopic bariatric surgery. J Minim Access
Surg. 2011;7(1):99-103. https://doi.org/10.4103/0972-9941.72397.

Hirano Y, Watanabe T, Uchida T, Yoshida S, Kato H, Hosokawa O. Laparoendo-
scopic single site partial resection of the stomach for gastrointestinal stromal
tumor. Surg Laparosc Endosc Percutan Tech. 2010;20(4):262-4. https://doi.
0rg/10.1097/SLE.0b013e3181e36a5b.

Sasaki A, Koeda K, Nakajima J, Obuchi T, Baba S, Wakabayashi G. Single-
incision laparoscopic gastric resection for submucosal tumors: report

of three cases. Surg Today. 2011,41(1):133-6. https://doi.org/10.1007/
500595-009-4204-5.

Henckens T, Van de Putte D, Van Renterghem K, Ceelen W, Pattyn P, Van
Nieuwenhove Y. Laparoendoscopic single-site gastrectomy for a gastric
GIST using double-bended instruments. J Laparoendosc Adv Surg Tech A.
2010;20(5):469-71. https://doi.org/10.1089/1ap.2009.0391.

Takata A, Nakajima K, Kurokawa Y, Takahashi T, Yamasaki M, Miyata H, et al.
Single-incision laparoscopic partial gastrectomy for gastric submucosal
tumors without compromising transumbilical stapling. Asian J Endosc Surg.
2014;7(1):25-30. https://doi.org/10.1111/ases.12069.

Wu SD, Kong J, Su'Y, Fan Y. Safety and application of transumbilical single-
incision laparoscopic gastrectomy for GIST: SILS in benign gastric disease.
Surg Innov. 2013;20(4):365-9. https://doi.org/10.1177/1553350612455224.
Kong J,Wu SD, Su'Y, Fan Y. Single incision versus conventional laparoscopic
resection in gastrointestinal stromal tumors: a retrospective cohort analysis
at a single tertiary care center. Onco Targets Ther. 2014;7:995-9. https://doi.
0rg/10.2147/0tt.562687.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 7 of 8

Gastrointestinal stromal tumors. ESMO Clinical Practice Guidelines for diagno-
sis, treatment and follow-up. Ann Oncol. 2012;23(Suppl 7):vii49-55. https://
doi.org/10.1093/annonc/mds252.

Sharma AK, de la Torre J, NS IJ, Sutton TL, Zhao B, Khan TM, et al. Location

of gastrointestinal stromal tumor (GIST) in the stomach predicts Tumor
Mutation Profile and Drug Sensitivity. Clin Cancer Res. 2021;27(19):5334-42.
https://doi.org/10.1158/1078-0432.Ccr-21-1221.

Ntourakis D, Mavrogenis G. Cooperative laparoscopic endoscopic and hybrid
laparoscopic surgery for upper gastrointestinal tumors: current status. World
J Gastroenterol. 2015;21(43):12482-97. https://doi.org/10.3748/wjg.v21.
i43.12482.

Tatara T, Kanaji S, Suzuki S, Ishida R, Hasegawa H, Yamamoto M, et al. Evalua-
tion of the result of single-incision laparoscopic surgery for gastrointestinal
stromal tumors in the stomach. Surg Case Rep. 2019;5(1):50. https://doi.
0rg/10.1186/540792-019-0605-x.

Kanaji S, Nakamura T, Yamamoto M, Imanishi T, Suzuki S, Tanaka K; et al.
Successful laparoscopic gastric resection and safe introduction of a single-
incision technique for gastric submucosal tumors located near the esopha-
gogastric junction. Surg Today. 2015;45(2):209-14. https://doi.org/10.1007/
500595-014-0940-2.

Kim GH, Kim KB, Lee SH, Jeon HK; Park DY, Jeon TY, et al. Digital image
analysis of endoscopic ultrasonography is helpful in diagnosing gas-

tric mesenchymal tumors. BMC Gastroenterol. 2014;14:7. https://doi.
0rg/10.1186/1471-230x-14-7.

Bartolotta TV, Taibbi A, Galia M, Cannella |, Lo Re G, Sparacia G, et al. Gastroin-
testinal stromal tumour: 40-row multislice computed tomography findings.
Radiol Med. 2006;111(5):651-60. https://doi.org/10.1007/511547-006-0063-y.
K DEV NVDW, Simoens C, Delvaux G. Intragastric SILS for GIST, a new
challenge in oncologic surgery: first experiences. Anticancer Res.
2013,33(8):3359-63.

Wilhelm D, von Delius S, Burian M, Schneider A, Frimberger E, Meining A, et
al. Simultaneous use of laparoscopy and endoscopy for minimally invasive
resection of gastric subepithelial masses - analysis of 93 interventions. World
J Surg. 2008;32(6):1021-8. https://doi.org/10.1007/500268-008-9492-1.
Ohashi S. Laparoscopic intraluminal (intragastric) surgery for early gastric can-
cer. A new concept in laparoscopic surgery. Surg Endosc. 1995;9(2):169-71.
https://doi.org/10.1007/bf00191960.

Tsujimoto H, YaguchiY, Kumano |, Takahata R, Ono S, Hase K. Successful gas-
tric submucosal tumor resection using laparoscopic and endoscopic coop-
erative surgery. World J Surg. 2012;36(2):327-30. https://doi.org/10.1007/
500268-011-1387-x.

Lee CH, Hyun MH, Kwon YJ, Cho S, Park SS. Deciding laparoscopic
approaches for wedge resection in gastric submucosal tumors: a suggestive
flow chart using three major determinants. J Am Coll Surg. 2012;215(6):831-
40. https://doi.org/10.1016/j jamcollsurg.2012.07.009.

Arezzo A, Passera R, Bullano A, Mintz Y, Kedar A, Boni L, et al. Multi-port
versus single-port cholecystectomy: results of a multi-centre, randomised
controlled trial (MUSIC trial). Surg Endosc. 2017;31(7):2872-80. https://doi.
0rg/10.1007/500464-016-5298-7.

Haueter R, Schiitz T, Raptis DA, Clavien PA, Zuber M. Meta-analysis of single-
port versus conventional laparoscopic cholecystectomy comparing body
image and cosmesis. Br J Surg. 2017;104(9):1141-59. https://doi.org/10.1002/
bjs.10574,

Deveci U, Barbaros U, Kapakli MS, Manukyan MN, Simsek S, Kebudi A, et al.
The comparison of single incision laparoscopic cholecystectomy and three
port laparoscopic cholecystectomy: prospective randomized study. J Korean
Surg Soc. 2013,85(6):275-82. https://doi.org/10.4174/jkss.2013.85.6.275.

Kim SM, Ha MH, Seo JE, Kim JE, Choi MG, Sohn TS, et al. Comparison of
single-port and reduced-port totally laparoscopic distal gastrectomy for
patients with early gastric cancer. Surg Endosc. 2016;30(9):3950-7. https://
doi.org/10.1007/500464-015-4706-8.

Omori T, Yamamoto K, Hara H, Shinno N, Yamamoto M, Sugimura K, et al. A
randomized controlled trial of single-port versus multi-port laparoscopic dis-
tal gastrectomy for gastric cancer. Surg Endosc. 2021,35(8):4485-93. https://
doi.org/10.1007/500464-020-07955-0.

Bulut O, Aslak KK, Levic K, Nielsen CB, Remer E, Serensen S, et al. A random-
ized pilot study on single-port versus conventional laparoscopic rectal sur-
gery: effects on postoperative pain and the stress response to surgery. Tech
Coloproctol. 2015;19(1):11-22. https://doi.org/10.1007/510151-014-1237-6.
Park SH, Lee HJ, Kim MC, Yook JH, Sohn TS, Hyung WJ, et al. Early experience
of laparoscopic resection and comparison with open surgery for gastric


https://doi.org/10.1007/s10434-000-0705-6
https://doi.org/10.1097/01.pas.0000146010.92933.de
https://doi.org/10.6004/jnccn.2010.0116
https://doi.org/10.1016/j.tranon.2020.100812
https://doi.org/10.1016/j.tranon.2020.100812
https://doi.org/10.1186/s12893-015-0040-2
https://doi.org/10.1186/s12893-015-0040-2
https://doi.org/10.1007/s00464-001-8275-7
https://doi.org/10.1097/sle.0000000000000261
https://doi.org/10.1007/s00464-010-1004-3
https://doi.org/10.1007/s00464-010-1004-3
https://doi.org/10.1007/s00464-019-07198-8
https://doi.org/10.1007/s00464-019-07198-8
https://doi.org/10.4103/0972-9941.72397
https://doi.org/10.1097/SLE.0b013e3181e36a5b
https://doi.org/10.1097/SLE.0b013e3181e36a5b
https://doi.org/10.1007/s00595-009-4204-5
https://doi.org/10.1007/s00595-009-4204-5
https://doi.org/10.1089/lap.2009.0391
https://doi.org/10.1111/ases.12069
https://doi.org/10.1177/1553350612455224
https://doi.org/10.2147/ott.S62687
https://doi.org/10.2147/ott.S62687
https://doi.org/10.1093/annonc/mds252
https://doi.org/10.1093/annonc/mds252
https://doi.org/10.1158/1078-0432.Ccr-21-1221
https://doi.org/10.3748/wjg.v21.i43.12482
https://doi.org/10.3748/wjg.v21.i43.12482
https://doi.org/10.1186/s40792-019-0605-x
https://doi.org/10.1186/s40792-019-0605-x
https://doi.org/10.1007/s00595-014-0940-2
https://doi.org/10.1007/s00595-014-0940-2
https://doi.org/10.1186/1471-230x-14-7
https://doi.org/10.1186/1471-230x-14-7
https://doi.org/10.1007/s11547-006-0063-y
https://doi.org/10.1007/s00268-008-9492-1
https://doi.org/10.1007/bf00191960
https://doi.org/10.1007/s00268-011-1387-x
https://doi.org/10.1007/s00268-011-1387-x
https://doi.org/10.1016/j.jamcollsurg.2012.07.009
https://doi.org/10.1007/s00464-016-5298-7
https://doi.org/10.1007/s00464-016-5298-7
https://doi.org/10.1002/bjs.10574
https://doi.org/10.1002/bjs.10574
https://doi.org/10.4174/jkss.2013.85.6.275
https://doi.org/10.1007/s00464-015-4706-8
https://doi.org/10.1007/s00464-015-4706-8
https://doi.org/10.1007/s00464-020-07955-0
https://doi.org/10.1007/s00464-020-07955-0
https://doi.org/10.1007/s10151-014-1237-6

Seo et al. BMC Surgery (2023) 23:247

38.

39.

gastrointestinal stromal tumor: a multicenter retrospective study. Sci Rep.
2022;12(1):2290. https://doi.org/10.1038/541598-022-05044-x.

Koh YX, Chok AY, Zheng HL, Tan CS, Chow PK, Wong WK, et al. A systematic
review and meta-analysis comparing laparoscopic versus open gastric resec-
tions for gastrointestinal stromal tumors of the stomach. Ann Surg Oncol.
2013;20(11):3549-60. https://doi.org/10.1245/510434-013-3051-1.
Pitiakoudis M, Zezos P, Kouklakis G, Tsalikidis C, Romanidis K, Vradelis S, et al.
Endoscopically assisted Transumbilical single-incision laparoscopic gastric

Page 8 of 8

resection for GIST treatment. J Invest Surg. 2016;29(2):98-105. https://doi.org/
10.3109/08941939.2015.1081309.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/s41598-022-05044-x
https://doi.org/10.1245/s10434-013-3051-1
https://doi.org/10.3109/08941939.2015.1081309
https://doi.org/10.3109/08941939.2015.1081309

	﻿Is single incision laparoscopic surgery (SILS) for gastric gastrointestinal stromal tumor (GIST) dependent on the location of the tumor?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Single-incision laparoscopic gastric wedge resection procedure
	﻿Conventional laparoscopic gastric wedge resection procedure
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Postoperative clinical course and pain
	﻿Postoperative intra-abdominal complications

	﻿Discussion
	﻿References


