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Abstract: Gastrointestinal stromal tumors (GISTs) are the most common soft-tissue sarcoma of the
gastrointestinal tract. Those found in the small bowel behave more aggressively than tumors originating in
the stomach and confer a higher risk of metastases. Minimally invasive resection, including laparoscopic and
robotic approaches, has been established as a safe and feasible alternative to conventional open resection
for gastric GISTs, with improved perioperative morbidity and non-inferior oncologic outcomes. Data,
however, are less established for small bowel tumors. Currently, there are emerging data suggesting that
minimally invasive resection is a safe and feasible surgical option with similarly favorable outcomes for
small bowel GISTs. Duodenal GISTS, rarer still, are a subset that offer unique anatomic challenges to
minimally invasive resection. While minimally invasive approach for duodenal tumors has been described,
data remains insufficient to draw clear conclusions on laparoscopic or robotic resection for GISTs located in
the duodenum. Caution is merited to avoid overinterpretation of the current limited data. Future research
to validate minimally invasive techniques for duodenal lesions is necessary. Regardless of minimally invasive
approach, oncologic principles of resection apply. Surgical approach and oncologic planning are dependent
on location and size of the tumor, with a range of surgical techniques illustrated in the literature. These
techniques and surgical pearls are reviewed to guide technical decision making for these lesions. This
narrative review aims to present the latest data on minimally invasive resection for small bowel and duodenal

GISTs and discuss surgical considerations.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common soft-tissue sarcomas of the gastrointestinal tract
and arise from interstitial cells of Cajal (1,2). GISTs are
most commonly discovered in the stomach (50-70%),
followed by small intestine (30-45%), esophagus and colon

(5-15%) (1-4). Tumor size and mitotic rate are traditional
predictors of recurrence and metastatic disease; however,
tumor origin now is an additional prognostic factor used
for risk stratification due to differences in biologic behavior
(2,3,5). Gastric GISTs behave more indolently, while small

bowel GISTs behave more aggressively, conferring a higher
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rate of metastatic potential for tumors with mitotic rate
>5 mitoses/50 high-power field (2,5). Colon and rectal
GISTs are even less common and thought to behave just as,
if not more aggressively than small bowel GISTs (6-9).

Surgical resection remains the mainstay of therapy for
primary GISTs, with the goal of complete resection and
histologically negative margins (1,5,10). Lymphadenectomy
is typically not required due to low incidence of lymphatic
spread, unless enlarged lymph nodes are present on
preoperative imaging or found unexpectedly at surgery
(2,5,11). Historically, while a minimally invasive (MIS)
approach was recommended for small tumors, caution was
deemed to be warranted for large lesions due to the friable
nature of the capsule making them susceptible to rupture
and risk of subsequent tumor dissemination (2,10,12).
While the present literature has established the safety
profile and feasibility of performing MIS resections of
gastric GISTs (13-20), the role for MIS surgery has yet to
be clearly defined for small bowel GISTs.

The aim of this narrative review is to present the latest
data on perioperative and oncologic outcomes of MIS
resection compared to conventional open resection of small
bowel and duodenal GISTs, as well as discuss technical
considerations at surgery. We present the following article
in accordance with the Narrative Review reporting checklist
(available at http://dx. doi. org/10. 21037/1s-20-90).

Methods

The PubMed database was queried for all articles relevant
to minimally invasive resection of small bowel GISTs
published prior to May 2020. Keywords used for search
queries include ‘small bowel gastrointestinal stromal
tumor/GIST’, ‘intestinal gastrointestinal stromal tumor/
GIST’, ‘duodenal gastrointestinal stromal tumor/GIST”,
‘gastrointestinal stromal tumor/GIST of duodenum’,
‘small bowel gastrointestinal stromal tumor resection’,
‘laparoscopic resection’, ‘robotic resection’, ‘robot-assisted
resection’. All English published articles, including cohort
studies, case series, meta-analyses, and reviews were
selected. Select case reports were included in the review and
discussion of robot-assisted resection of duodenal GISTs
due to the rarity of this procedure and indication.

Current outcomes for MIS vs. open resection

Most data published on MIS resection for GISTs focus
on gastric GISTs. The great bulk of the literature reflects
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laparoscopic resection, with few recent series and case
reports describing robot-assisted resection (21-26). It has
previously been established that laparoscopic resection for
gastric GISTs is associated with reduced intraoperative
blood loss, shorter operative time, faster recovery of
bowel function and resumption of oral diet, and shorter
hospital length of stay as compared to conventional open
surgery (13,14,16-19). Long-term oncologic outcomes
were previously found to be non-inferior (27,28), and
perhaps even better (observed, but may be selection bias)
(15,17,20,29,30) for laparoscopic approach compared to
open resection in meta-analyses, even for large tumors
>5 cm. As such, MIS resection is a safe and feasible
technique with non-inferior oncologic outcomes for gastric
GISTs.

In contrast, outcomes after minimally invasive resection
of GISTs from other sites are less established (3). There are
a small number of retrospective case series describing single-
institution laparoscopic experience (without a comparison
open cohort) which combine gastric and small bowel GISTs
(Table 1, #1-#4). These studies describe short hospital stays
with minimal complications (31-34). The largest of these
series describes the ten-year laparoscopic experience for 89
gastric and 26 small bowel GISTs (31). The authors found
that length of hospital stay and perioperative morbidity
were similar between laparoscopic gastric and small bowel
resections. Mean tumor size was approximately 4 cm for
both gastric and small bowel lesions. The authors noted
that small bowel GISTs were more likely to present acutely,
requiring emergent intervention. Notably, patients with
small bowel GISTs had similar recurrence rates, disease-free
survival and overall survival compared to those with gastric
GISTs after laparoscopic resection.

There are also a growing number of retrospective cohort
studies that sought to compare open versus laparoscopic
techniques. Again, a number of these investigators
combined gastric and small bowel GISTs, and generally did
not stratify results based on tumor location (7able 1, #5-#7).
These studies demonstrated similarly favorable short-
term outcomes, including faster postoperative recovery
with shorter time to resumption of oral diet, shorter
hospital length of stay, and fewer complications associated
with laparoscopic resection (35-37). A recently published
analysis using the National Cancer Database (NCDB)
sought to determine survival outcomes for laparoscopic
versus open resection of gastric and small bowel GISTs,
stratified by pathologic stage (Table 1, #8) (38). The authors

demonstrated improved overall survival for patients who
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underwent laparoscopic resection for Stage I and II disease,
but no difference in Stage III disease. It is not intuitive
why this would be the case, but perhaps this is related to
selection bias of patients deemed appropriate for each
surgical approach.

There is a paucity of studies that solely examine MIS
resection for small bowel GISTs. Currently, there are
a handful of retrospective cohort studies evaluating
laparoscopic versus open resection of small bowel GISTs
alone (excluding gastric GISTs) (Table 1, #9—#13). These
authors found that laparoscopic resection of small bowel
GISTs resulted in shorter operative time, earlier return of
bowel function, and shortened hospital length of stay (39-43).
The median tumor size was approximately 4-5 c¢cm and
conversion rate was between 1.1-4.9% among these
studies. These data reinforce the findings from the mixed
gastric/small bowel cohorts—there was no difference in
recurrence and survival, suggesting that laparoscopy is an
acceptable alternative approach from a safety and oncologic
perspective. These findings were supported by a recently
published meta-analysis (Table 1, #14) (44), but the authors
caution interpretation of the data due to limitations of the
selected studies and analysis.

While earlier recommendations reserve MIS resection
for small lesions less than 2cm in size (2,12,36), there are
reports of larger lesions resected by MIS means. Although
the reported average (mean or median) size of resected
tumors has ranged around 4-6 cm, in their NCDB study,
Inaba et al found 286 stage III GISTs (118 small bowel
origin) that were resected laparoscopically despite a mean
size of 9.5 cm (38). Others reported successfully resecting
small bowel lesions up to 11.5 cm in size (31). MIS
approach has also been reported to successfully address
acute presentations of small bowel GISTs (4,31,37,39,49).
Symptomatic GISTs can present with gastrointestinal
bleeding, obstruction, or rarely as incarcerated hernias.
It is important during these urgent procedures to
follow oncologic principles of resection. An important
consideration is postoperative referral to medical oncology
for evaluation of adjuvant therapy for high risk lesions or
with those with rupture of the pseudocapsule during urgent
resection (49,50).

Duodenal GISTs

Duodenal GISTS are a rarer still subset of GISTs, occurring
in approximately 20% of small bowel GISTs (46,51), and
accounting for only 3-5% of all GISTs (10,50,52). In
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prior studies, duodenal GISTs are found most commonly
in the second portion (46), followed by the third portion,
fourth portion and lastly the first portion of the duodenum
(52,53). Generally, because GISTs rarely exhibit intramural
spread, extended anatomic resections and complex multi-
visceral resections can often be avoided. Published studies
evaluating open resection have described a spectrum of
techniques from enucleation to limited wedge or segmental
resection, to pancreaticoduodenectomy (46,51).

Not surprisingly, pancreaticoduodenectomy was
associated with longer hospital length of stay and
perioperative complications (10,54,55). Recurrence and
overall survival were similar between limited resection
and pancreaticoduodenectomy (10,53,54,56,57),
although Lee et a/. noted lower 5-year relapse-free
survival associated with limited resection compared to
pancreaticoduodenectomy (55). Limited resection is
recommended when anatomically feasible and extensive
resections are reserved for duodenal tumors involving the
ampulla of Vater. As such, it has also been recommended
to consider a course of neoadjuvant therapy to potentially
downsize the lesion prior to resection (10,46,53,58).

Due to the rarity and anatomic considerations of
duodenal GISTs, data and literature on MIS resection of
duodenal GIST lesions are scarce, limited to small series
and case reports. Several series evaluated laparoscopic versus
open resection for duodenal lesions (Table 1, #15-#16),
describing limited laparoscopic wedge resections and
primary closures (45,46). A smaller case series reviewed
laparoscopic-assisted resection and extracorporeal
closure for ulcerated duodenal GISTs (Table 1, #17) (47).
Tanaka et al focused on resection for lesions found at the
duodenojejunal junction (7able 1, #18) (48). In this cohort
of 19 patients, 11 underwent open and 8 laparoscopic
segmental resections with duodenojejunostomies. There
was no difference in recurrence, though it is notable that the
two recurrences were from the open cohort. Robot-assisted
resections utilizing various techniques have also been
reported as case reports and part of case series (25,59-65).
These authors suggest that robot-assistance may have a
role in duodenal GIST resection, given the advantages of
the robotic platform, including specifically the increased
surgical dexterity for suture closure of the duodenal wall or
anastomosis. Nonetheless, data remains insufficient to draw
clear conclusions on laparoscopic or robotic resection for
duodenal GISTs.

This review is limited by the number of publications
presently available on the relevant topics and the study
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Figure 1 Axial computational tomography imaging of a small
bowel gastrointestinal tumor (arrowhead) located in the wall of the
jejunum. These small bowel (jejunal or ileal) lesions can be resected

with segmental resection and extra- or intracorporeal anastomosis.

cohorts. At this time, all studies that involve a minimally
invasive approach for small bowel GISTs are retrospective
in nature. The majority of the studies are single institution
retrospective cohort studies or smaller case series. The
largest cohort study uses the NCDB as the cohort and is
the only study utilizing a national database. In addition,
there is only one meta-analysis published on laparoscopic
versus open resection of small bowel GISTs, which closely
examines six studies that met inclusion criteria. There are
fewer studies focused on minimally invasive resection of
duodenal GISTs, mainly case series and case reports that
evaluate robot-assisted resection. Presently, there are no
published prospective trials on these topics. Though these
studies report favorable results, future research is needed
to better characterize the outcomes (survival, oncologic,
perioperative) after minimally invasive surgery for small

bowel GISTs.

Surgical considerations for MIS resection

Oncologic principles of MIS resection include complete
resection with histologically negative margins, preservation
of tumor pseudocapsule to avoid tumor spillage and
dissemination, and removal within a specimen bag to
prevent seeding of port sites (5,12). Due to the fragile
nature of the capsule, careful handling of the tumor and
gentle dissection are paramount (1,2,66). If possible, direct
manipulation of the tumor should be avoided, instead
handling the adjacent bowel and mesentery (2,40,42).
Resection of small bowel GISTs can be achieved with
segmental bowel resection with extra- or intracorporeal

© Laparoscopic Surgery. All rights reserved.
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anastomosis (Figure 1) (3,11,43,66). Resection of duodenal
GISTs, however, is dependent on location and size of the
lesion (Figure 2). Small lesions are amenable to wedge
resection with primary closure, as long as the lumen remains
adequately patent and ampulla of Vater preserved (46). It
can be beneficial to perform a concomitant cholecystectomy
and pass a balloon catheter through the cystic duct and
down the common bile duct into the duodenal lumen.
This will facilitate localization and safe preservation of
the ampulla when resecting periampullary lesions. Larger
tumors in the third and/or fourth part of the duodenum may
require segmental duodenectomy with duodenojejunostomy
(Figure 2C-2F) (46,48,53). Tumors in the transverse portion
of the duodenum can be approached from below the
transverse mesocolon. Dissection is performed on either
side of the root of the mesentery. The reconstruction is
performed on the antimesenteric side of the duodenum,
opposite the ampulla (behind the hepatic flexure). Duodenal
GISTs located on the antimesenteric border of the second
and/or third parts of the duodenum can be approached with
partial duodenectomy and Roux-en-Y duodenojejunostomy
(46,51,53,67).

Tumors located on the medial wall of the second
and/or third portions of the duodenum involving
the ampulla of Vater or pancreas will likely require
pancreaticoduodenectomy (Figure 2A4,2B) (10,58). These
have been successfully performed in a minimally invasive
fashion, both laparoscopically and with robot-assistance
(61,65,68). Larger lesions or those in close proximity to
the ampulla of Vater should be considered for a course of
neoadjuvant therapy to potentially downsize the lesion
prior to resection (Figure 2E,2F) (10,46,53,58). In addition,
the wrist articulation and dexterity of the robotic platform
may assist in intraoperative dissection and suturing of
anastomoses/gastrointestinal reconstruction (60,61,64).

Summary

Though MIS resection was previously recommended
for small GISTs, more data are demonstrating safety and
potential for resecting larger lesions in a minimally invasive
fashion. There is a clear application for laparoscopic and
robotic approach in resecting gastric GISTs, with the
current known safety profile and non-inferior perioperative
and oncologic outcomes. While the current literature
cannot similarly validate the outcomes and feasibility for
MIS resection of small bowel GISTs, the early available
data suggests favorable results and outcomes. Data

Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90
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Figure 2 Computational tomography axial and coronal imaging of a duodenal gastrointestinal stromal tumors (GISTs) (arrowhead)

in the (A,B) second portion of the duodenum and (C-F) the fourth portion of the duodenum. (A,B) Periampullary GISTs require

pancreaticoduodenectomy, which can be performed with laparoscopic and robotic approach. (C,D) GISTs located in the fourth portion

of the duodenum can be resected segmentally with duodenectomy and duodenojejunostomy anastomosis. Segmental duodenectomy with

duodenojejunostomy was completed for resection of this lesion and the anastomosis was performed under the transverse mesocolon. (E,F)

A large 10 cm duodenal GIST involving the third and fourth portions of the duodenum demonstrates good response and shrinkage of

tumor (E) before and (F) after completing a preoperative course of imatinib, then was resected through MIS means with duodenectomy and

duodenojejunostomy.

on MIS resection for duodenal GISTs are even more
limited, and more complex given anatomic considerations
needed for duodenal lesions. Caution is merited to avoid
overinterpretation of the current limited data. Future

© Laparoscopic Surgery. All rights reserved.

research is needed to better characterize MIS resection for
small bowel and duodenal GISTs. Nevertheless, at this time,
MIS resection appears to be a safe and promising surgical
option with careful patient selection.

Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90



Laparoscopic Surgery, 2021

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editor (Ferdinando Carlo Maria Cananzi) for
the series “Minimally invasive approach in Gastrointestinal
Stromal Tumors (GISTs)” published in Laparoscopic Surgery.
The article has undergone external peer review.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at http://
dx. doi. org/10. 21037/1s-20-90

Conflicts of Interest: Both authors have completed the ICMJE
uniform disclosure form (available at http://dx. doi.
org/10. 21037/1s-20-90). The series “Minimally invasive
approach in Gastrointestinal Stromal Tumors (GISTs)” was
commissioned by the editorial office without any funding or
sponsorship. The authors have no other conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.  Mullady DK, Tan BR. A multidisciplinary approach to the
diagnosis and treatment of gastrointestinal stromal tumor.
J Clin Gastroenterol 2013;47:578-85.

2. Baiul, Visser BC. Minimally Invasive Small Bowel Cancer
Surgery. Surg Oncol Clin N Am 2019;28:273-83.

3. Grover S, Ashley SW, Raut CP. Small intestine
gastrointestinal stromal tumors. Curr Opin Gastroenterol

© Laparoscopic Surgery. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

Page 7 of 10

2012;28:113-23.

Morrison JE, Hodgdon TA. Laparoscopic management
of obstructing small bowel GIST tumor. JSLS
2013;17:645-50.

Benjamin RS, Bui MM, Choy E, et al. NCCN Guidelines
Version 6.2019 Soft Tissue Sarcoma NCCN Evidence
Blocks TM Continue [Internet] 2020. Available online:
www.ncen.org/patients

Miettinen M, Lasota J. Gastrointestinal stromal tumors:
Pathology and prognosis at different sites. Semin Diagn
Pathol 2006;23:70-83.

LiuZ, SunY, Li Y, et al. Colonic Gastrointestinal Stromal
Tumor: A Population-Based Analysis of Incidence and
Survival. Gastroenterol Res Pract 2019;2019:3849850.
Theodoropoulos DG. Gastrointestinal tumors of the colon
and rectum. Clin Colon Rectal Surg 2011;24:161-70.
Dematteo RP, Gold JS, Saran L, et al. Tumor mitotic
rate, size, and location independently predict recurrence
after resection of primary gastrointestinal stromal tumor
(GIST). Cancer 2008;112:608-15.

Johnston FM, Kneuertz PJ, Cameron JL, et al.
Presentation and management of gastrointestinal stromal
tumors of the duodenum: A multi-institutional analysis.
Ann Surg Oncol 2012;19:3351-60.

Lai ECH, Lau SHY, Lau WY. Current management of
gastrointestinal stromal tumors - A comprehensive review.
Int]J Surg 2012;10:334-40.

Gastrointestinal stromal tumours: ESMO-EURACAN
Clinical Practice Guidelines for diagnosis, treatment and
follow-up?t - Annals of Oncology [Internet]. Available
online: https://www.annalsofoncology.org/article/S0923-
7534(19)31691-6/fulltext

Ye L, Wu X, Wu T, et al. Meta-analysis of laparoscopic vs.
open resection of gastric gastrointestinal stromal tumors.
Rocha F editor. PLoS One 2017;12:e0177193.

HuJ, Or BHN, Hu K, et al. Comparison of the post-
operative outcomes and survival of laparoscopic versus
open resections for gastric gastrointestinal stromal tumors:
A multi-center prospective cohort study. Int J Surg
2016;33:65-71.

Zheng L, Ding W, Zhou D, et al. Laparoscopic versus
Open Resection for Gastric Gastrointestinal Stromal
Tumors: A Meta-analysis. Am Surg 2014;80:48-56.

Mazer L, Worth P, Visser B. Minimally invasive options
for gastrointestinal stromal tumors of the stomach. Surg
Endosc 2021;35:1324-30.

Ohtani H, Maeda K, Noda E, et al. Meta-analysis

of Laparoscopic and Open Surgery for Gastric

Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90


http://dx.doi.org/10.21037/ls-20-90
http://dx.doi.org/10.21037/ls-20-90
http://dx.doi.org/10.21037/ls-20-90
http://dx.doi.org/10.21037/ls-20-90
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 8 of 10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gastrointestinal Stromal Tumor. Anticancer Res
2013;33:5031-41.

Catena F, Di Battista M, Fusaroli P, et al. Laparoscopic
treatment of gastric gist: Report of 21 cases and literature’s
review. ] Gastrointest Surg 2008;12:561-8.

De Vogelaere K, Hoorens A, Haentjens P, et al.
Laparoscopic versus open resection of gastrointestinal
stromal tumors of the stomach. Surg Endosc
2013;27:1546-54.

Karakousis GC, Singer S, Zheng J, et al. Laparoscopic
versus open gastric resections for primary gastrointestinal
stromal tumors (GISTs): A size-matched comparison. Ann
Surg Oncol 2011;18:1599-605.

Maggioni C, Shida A, Mancini R, et al. Safety profile

and oncological outcomes of gastric gastrointestinal
stromal tumors (GISTs) robotic resection: Single center
experience. Int ] Med Robot 2019;15:e2031.

Furbetta N, Palmeri M, Guadagni S, et al. Gastrointestinal
stromal tumours of stomach: Robot-assisted excision with
the da Vinci Surgical System regardless of size and location
site. ] Minim Access Surg 2018;15:142-7.

Al-Thani H, EI-Menyar A, Mekkodathil A, et al. Robotic
management of gastric stromal tumors (GIST): a single
Middle Eastern center experience. Int ] Med Robot
2017;13:e1729.

Buchs NC, Bucher P, Pugin E et al. Robot-Assisted
Oncologic Resection for Large Gastric Gastrointestinal
Stromal Tumor: A Preliminary Case Series. J
Laparoendosc Adv Surg Tech A 2010;20:411-5.

Vicente E, Quijano Y, Ielpo B, et al. Robot-assisted
resection of gastrointestinal stromal tumors (GIST): a
single center case series and literature review. Int ] Med
Robot 2016;12:718-23.

Al-Thani H, El-Menyar A, Rasul KI, et al. Clinical
presentation, management and outcomes of gastrointestinal
stromal tumors. Int J Surg 2014;12:1127-33.

Liang JW, Zheng ZC, Zhang JJ, et al. Laparoscopic versus
open gastric resections for gastric gastrointestinal stromal
tumors: A meta-analysis. Surg Laparosc Endosc Percutan
Tech 2013;23:378-87.

Chen QL, Pan Y, Cai JQ, et al. Laparoscopic versus open
resection for gastric gastrointestinal stromal tumors: An
updated systematic review and meta-analysis. World J Surg
Oncol 2014;12:206.

Xiong H, Wang J, Jia Y, et al. Laparoscopic surgery versus
open resection in patients with gastrointestinal stromal

tumors: An updated systematic review and meta-analysis.

© Laparoscopic Surgery. All rights reserved.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Laparoscopic Surgery, 2021

Am ] Surg 2017;214:538-46.

Piessen G, Lefévre JH, Cabau M, et al. Laparoscopic
versus open surgery for gastric gastrointestinal stromal
tumors: What is the impact on postoperative outcome and
oncologic results? Ann Surg 2015;262:831-9.

Tabrizian P, Sweeney RE, Uhr JH, et al. Laparoscopic
resection of gastric and small bowel gastrointestinal
stromal tumors: 10-year experience at a single center. ] Am
Coll Surg 2014;218:367-73.

Loureiro MP, de Almeida RAA, Claus CMP, et al.
Laparoscopic resection of gastrointestinal stromal tumors
(GIST). Arq Bras Cir Dig 2016;29:1-4.

Matlok M, Stanek M, Pedziwiatr M, et al. Laparoscopic
Surgery In The Treatment of Gastrointestinal Stromal
Tumors. Scand ] Surg 2015;104:185-90.

Nguyen SQ, Divino CM, Wang JL, et al. Laparoscopic
management of gastrointestinal stromal tumors. Surg
Endosc 2006;20:713-6.

Chen YH, Liu KH, Yeh CN, et al. Laparoscopic resection
of gastrointestinal stromal tumors: Safe, efficient, and
comparable oncologic outcomes. ] Laparoendosc Adv Surg
Tech A 2012;22:758-63.

Fisher SB, Kim SC, Kooby DA, et al. Gastrointestinal
Stromal Tumors: A Single Institution Experience of 176
Surgical Patients. Am Surg 2013;79:657-65.

Schwameis K, Fochtmann A, Schwameis M, et al. Surgical
treatment of GIST - An institutional experience of a high-
volume center. Int J Surg 2013;11:801-6.

Inaba CS, Dosch A, Koh CY, et al. Laparoscopic versus
open resection of gastrointestinal stromal tumors: survival
outcomes from the NCDB. Surg Endosc 2019;33:923-32.
Zhou L, Liao Y, Wu ], et al. Small bowel gastrointestinal
stromal tumor: A retrospective study of 32 cases at a single
center and review of the literature. Ther Clin Risk Manag
2018;14:1467-81.

Wan P, Li C, Yan M, et al. Laparoscopy-Assisted versus
Open Surgery for Gastrointestinal Stromal Tumors of
Jejunum and Ileum: Perioperative Outcomes and Long-
Term Follow-Up Experience. Am Surg 2012;78:1399-404.
Cai W, Wang ZT, Wu L, et al. Laparoscopically assisted
resections of small bowel stromal tumors are safe and
effective. ] Dig Dis 2011;12:443-7.

Liao CH, Yeh CN, Wang SY, et al. Surgical option for
intestinal gastrointestinal stromal tumors--perioperative
and oncological outcomes of laparoscopic surgery.
Anticancer Res 2015;35:1033-40.

Ihn K, Hyung WJ, Kim HI, et al. Treatment results of

Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90



Laparoscopic Surgery, 2021

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

small intestinal gastrointestinal stromal tumors less than
10 cm in diameter: A comparison between laparoscopy and
open surgery. ] Gastric Cancer 2012;12:243-8.

Chen K, Zhang B, Liang YL, et al. Laparoscopic versus
Open Resection of Small Bowel Gastrointestinal Stromal
Tumors. Chin Med ] (Engl) 2017;130:1595-603.
Hoeppner J, Kulemann B, Marjanovic G, et al. Limited
resection for duodenal gastrointestinal stromal tumors:
Surgical management and clinical outcome. World J
Gastrointest Surg 2013;5:16-21.

Chung JC, Chu CW, Cho GS, et al. Management and
Outcome of gastrointestinal stromal tumors of the
duodenum. J Gastrointest Surg 2010;14:880-3.

Abe N, Hashimoto Y, Takeuchi H, et al. Laparoscopy-
assisted full-thickness resection of the duodenum

for patients with gastrointestinal stromal tumor with
ulceration. Asian J Endosc Surg 2017;10:388-93.

Tanaka E, Kim M, Lim JS, et al. Usefulness of
Laparoscopic Side-to-Side Duodenojejunostomy

for Gastrointestinal Stromal Tumors Located at

the Duodenojejunal Junction. ] Gastrointest Surg
2015;19:313-8.

Pitiakoudis M, Zezos P, Courcoutsakis N, et al. Is
laparoscopic resection the appropriate management of a
jejunal gastrointestinal stromal tumor (GIST)? Report

of a case. Surg Laparosc Endosc Percutaneous Tech
2010;20(5).

Massani M, Capovilla G, Ruffolo C, et al. Gastrointestinal
stromal tumour (GIST) presenting as a strangulated
inguinal hernia with small bowel obstruction. BM]J Case
Rep 2017;2017.

Goh BKP, Chow PKH, Ong HS, et al. Gastrointestinal
stromal tumor involving the second and third portion

of the duodenum: Treatment by partial duodenectomy
and Roux-en-Y duodenojejunostomy. J Surg Oncol
2005;91:273-5.

Miettinen M, Kopczynski J, Makhlouf HR, et

al. Gastrointestinal stromal tumors, intramural
leiomyomas, and leiomyosarcomas in the duodenum:
A clinicopathologic, immunohistochemical, and
molecular genetic study of 167 cases. Am J Surg Pathol
2003;27:625-41.

Gu L, Khadaroo PA, Chen M, et al. Surgical management
and outcomes of duodenal gastrointestinal stromal tumors.
Acta Gastroenterol Belg 2019;82:11-8.

Chen P, Song T, Wang X, et al. Surgery for Duodenal
Gastrointestinal Stromal Tumors: A Single-Center

© Laparoscopic Surgery. All rights reserved.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 9 of 10

Experience. Dig Dis Sci 2017;62:3167-76.

. Lee SY, Goh BKP, Sadot E, et al. Surgical Strategy and

Outcomes in Duodenal Gastrointestinal Stromal Tumor.
Ann Surg Oncol 2017;24:202-10.

Duffaud F, Meeus P, Bachet JB, et al. Conservative
surgery vs. duodeneopancreatectomy in primary duodenal
gastrointestinal stromal tumors (GIST): A retrospective
review of 114 patients from the French Sarcoma Group
(FSG). Eur J Surg Oncol 2014;40:1369-75.

Zhou B, Zhang M, Wu J, et al. Pancreaticoduodenectomy
versus local resection in the treatment of gastrointestinal
stromal tumors of the duodenum. World J Surg Oncol
2013;11:196.

Bednarski BK, Pisters PW, Hunt KK. The role of surgery
in the multidisciplinary management of patients with
localized gastrointestinal stromal tumors. Expert Rev
Anticancer Ther 2012;12:1069-78.

Marano A, Allisiardi F, Perino E, et al. Robotic Treatment
for Large Duodenal Gastrointestinal Stromal Tumor. Ann
Surg Oncol 2020;27:1101-2.

Downs-Canner S, Van der Vliet W], Thoolen SJJ, et

al. Robotic Surgery for Benign Duodenal Tumors. |
Gastrointest Surg 2015;19:306-12.

Parisi A, Desiderio J, Trastulli S, et al. Robotic
pancreaticoduodenectomy in a case of duodenal
gastrointestinal stromal tumor. World J Surg Oncol
2014;12(1).

Corcione F, Pirozzi E, Sciuto A, et al. Laparoscopic
pancreas-preserving subtotal duodenectomy for
gastrointestinal stromal tumor. Minim Invasive Ther
Allied Technol 2013;22:187-90.

Bedirli A, Salman B, Nasirov M, et al. A novel technique
for duodenal resection and primary anastomosis with
robotic assistance and orvil. JSLS 2017;21:¢2016.00094.
Guerra F, Paolini C, Vegni A, et al. Feasibility of
robotic resection of gastrointestinal stromal tumors
along the entire gastrointestinal tract. Updates Surg
2019;71:695-700.

Lai ECH, Yang GPC, Tang CN. Robot-assisted
laparoscopic pancreaticoduodenectomy versus open
pancreaticoduodenectomy - A comparative study. Int J
Surg 2012;10:475-9.

Tabrizian P, Nguyen SQ, Divino CM. Laparoscopic
Management and Long term Outcomes of Gastrointestinal
Stromal Tumors. ] Am Coll Surg 2009;208:80-6.
Umemoto K, Nakanishi Y, Murakawa K, et al.
Laparoscopic segmental duodenectomy for a

Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90



Page 10 of 10 Laparoscopic Surgery, 2021

gastrointestinal stromal tumor located in the second pancreaticojejunostomy used in pure laparoscopic
portion of the duodenum: A case report. Asian ] Endosc pancreaticoduodenectomy for nondilated pancreatic duct.
Surg 2017;10:411-4. Surg Endosc 2017;31:1986-92.

68. Wang M, Xu S, Zhang H, et al. Imbedding

doi: 10.21037/1s-20-90

Cite this article as: Li AY, Visser BC. Open versus laparoscopic
treatment for small bowel gastrointestinal stromal tumors.
Laparosc Surg 2021;5:43.

© Laparoscopic Surgery. All rights reserved. Laparosc Surg 2021;5:43 | http://dx.doi.org/10.21037/1s-20-90



