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Introduction

Gastrointestinal Stromal Tumors (GISTs) are rare neoplasms
but they represent the most common type of mesenchymal tu-
mors found in the Gastrointestinal (GI) tract [1-5]. GISTs arise
from the interstitial cells of Cajal, “Pacemaker Cells”, that play
a neuromotor role in normal gut motility [3,6]. They account
for < 1% of gastrointestinal tumors with an estimated annual
incidence of 10 to 20 cases for one million of the general popu-
lation [1,2]. Treatment has not yet been standardized, but surgi-
cal resection remains the mainstay for non-metastatic GISTs [5].
The use of laparoscopic techniques has been widely debated.
The biological behavior of these tumors lends itself to laparo-
scopic resection. The feasibility and safety of mininvasive ap-
proaches have been established. Systematic reviews and meta-
analysis have showed advantages of laparoscopic approaches
compared to open procedures in terms of length of hospital
stay, decreased postoperative pain, recovery of intestinal activ-
ity and resumption of oral intake. This work reports the results
of a Laparoscopic Intermediate Gastrectomy (LIG) with gastro-
gastric anastomosis packaging performed in three cases of non-
metastatic gastric GIST located at the posterior wall and lesser
curvature.

Patients and methods

Between November 2017 and September 2019 three pa-
tients with non metastatic submucosal gastric tumors were
treated by Laparoscopic Intermediate Gastrectomy (LIG) in our
institution (Table 1). Two women and one man of mean age of
56 + 11.1 years with mean BMI of 26.2 + 1.8. Prior to surgery,
all patients underwent upper endoscopy, followed by Com-
puted Tomography (CT) scan to confirm the diagnosis of gastric
submucosal tumor and to exclude adjacent organ involvement
that could preclude a laparoscopic approach (Figure 1). The di-
agnosis was confirmed by Magnetic Resonance Imaging (MRI)
in one patient and by Endoscopic Ultrasound with Fine Needle
Aspiration (EUS-FNA) in the two other patients. During the sur-
gical procedure in order to reduce the risk of anstomotic leak-
age in one case (lesser curvature GIST) we used the Indocyanine
Green (ICG)-enhanced fluorescence technique to verify the op-
timal perfusion of both gastric stumps and the anastomotic site.
ICG was injected intravenously at a concentration of 0,25 mg/
kg diluted in 10 ml of saline solution after anastomosis creation.
Gastric perfusion was assessed using a NIR camera system and
considered adequate by the surgical team. The risk stratifica-
tion of the malignant potential of GISTs is categorized as very
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low, low, intermediate, or high risks according to National Insti-
tutes of Health (NIH) consensus criteria. Mitotic rate is defined
according to the number of mitoses per 50 high power fields,
the proliferative index was assessed with KI67 and tumor size is
defined as the maximum diameter of the resecated tumor. In all
three cases the tumor’s localization was facilitated by intraop-
erative endoscopic procedure.

Surgical technique (LIG)

Four trocars were placed in all interventions. The procedure
starts with the induction of pneumoperitoneum introducing
Veress needle at Palmer’s point. An optical bladeless trocar is in-
troduced in abdominal cavity in the supra-umbilical side (10/12
mm). A carbon dioxide insufflation is established through this
trocar, with a pressure of 12 mmHg. Three further trocars are
positioned under direct vision on the right lumbar side (10/12
mm), left lumbar side (10/12 mm) and right paraxiphoid side
(5 mm) (Figure 2). A first exploration of abdominal quadrants
allows to exclude peritoneal and liver metastases. The margins
of the tumor are identified on the intraluminal side endoscop-
ically-assisted using a gastroscope: on the gastric wall the sec-
tion lines are traced by the surgeon with bipolar forceps (Figure
3a-c). Greater and lesser gastric curvature vascularisation is
transected with ultrasonic device (Harmonic scalpel) and clips
(Lapro-Clip), removing the part of omentum of the gastric por-
tion involving the tumor (Figure 3d-f). The posterior gastric wall
is completely mobilized dividing all pacreatico-gastric attache-
ments (Figure 3g,h). Proximal and distal section of the stomach
is performed using Endo-GIA with Tri-Staple technology (purple
charge) (Figure 3i-n). The specimen is extracted through the
extension of the umbilical access with endo-bag. A first exami-
nation of the specimen confirms section margins macroscopi-
cally free from disease. The reconstruction time (Figure 3o-t)
is performed using a mechanical stapler device: a side to side
gastro-gastric anastomosis on the posterior gastric wall is cre-
ated using Tristaple 60 mm (purple charge) and the gastrotomy
is closed with a continuous double-layer suture (V-Loc 3/0). At
the end of the intervention, no abdominal drain is positioned.

Results

The demographics, tumor characteristics and outcomes of
the three patients are summarized in the Table. The primary
presenting symptoms were upper gastrointestinal bleeding in
one case and abdominal epigastric pain in the other two. GIST
was at the posterior wall in two patients and at the higher lesser
curvature in one patient. All patients underwent Laparoscopic
Intermediate Gastrectomy (LIG) and there was no conversion,
tumor rupture or significant bleeding during surgery. The intra-
operative use of ICG angiography to evaluate gastric perfusion
was found to be effective (Figure 4). The mean operating time
was 128 + 17.2 minutes. RO resection was achieved in all pa-
tients. No postoperative complications such as bleeding, leak-
age, obstruction and intraabdominal abscess occurred. The
mean re-feed was 1.3 + 0.47 days and normal recovery of intes-
tinal activity on average afterwards 3.3 + 0.47 days. The mean
postoperative hospital stay was 3.6 + 0.94 days. Histopathologi-
cal examination confirmed GISTs with CD117 and CD34 positiv-
ity found in all patients. The mean tumor size was 4.3 +1.21 cm.
The risk stratification according to NIH consensus criteria were:

very low (one case); low (one case); intermediate (one case). All
tumors were reported to have a negative resection margin. Dur-
ing a mean follow-up period of 22 + 9.1 months (range, 10-32
months), there were no recurrences or metastases.

Figure 1: Contrast-enhanced computed tomography scan of in-
traluminal gastrointestinal stromal tumors respectively of higher
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Figure 2: Trocars placement for laparoscopic intermediate gastrec-
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Figure 3: Operative technique. (a,b) Identification of lesion localization and of safe margins from the tumor
with intraoperative gastroscopic guidance. (c) Marking on the gastric wall of the section lines through the
use of a bipolar forceps. (d-f) Section of the greater and lesser gastric curvature vascularisation with ultra-
sonic device. (g,h) Mobilization of the posterior gastric wall. (i-n) Proximal and distal section of the stomach
with Endo-GIA with Tri-Staple technology. (o-t) Side to side gastro-gastric anastomosis on the posterior
gastric wall using Tristaple 60 mm and closure of gastrotomy with continuous double-layer suture (V-Loc
3/0).

Figure 4: Assessment after ICG intravenous injection of healthy of the cut edge of
proximal gastric site with good perfusion as confirmed with near-infrared camera
by the fluorescence of the tissues.
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recent thorough review showed better rates in terms of nega-
tive margins and recurrences besides complication rates signifi-
cantly lower in the laparoscopic than open procedures [5]. Re-
garding resection margins, wide margins were advocated but
there has been no correlation with improved survival or recur-
rence [5,15]. Historically, the optimal margin for adequate re-
section was thought to be 1-2 cm [1,21,25]. However, recent
studies have linked tumor size and mitotic activity, and not ex-
tent of resection, as the major factors for recurrence and sur-
vival [1,14,15]. The consensus is that a negative macroscopic
surgical margins are the most important factor in decreasing
the risk of local recurrence and metastatic spread [5]. Obvious-
ly, the goal of treatment is a complete resection with negative
microscopic margin at the histological examination (RO resec-
tion) [1,15,24]. The indication for laparoscopy based on the
GIST size is another hotly debated topic. The consensus state-
ments released in 2004 by the National Comprehensive Cancer
Network (NCCN) and The European Society of Medical Oncolo-
gy (ESMO) limited the use of mini-invasive surgery for GIST less
than 2 cm in size in order to avoid tumor rupture and intraperi-
toneal dissemination [26,27]. Despite these recommendations,
several laparoscopic resection are reported in literature for GIST
larger than 2 cm with good results without complications. This
led to a revision in 2010 of NCCN recommendations extending
the indication for laparoscopic resection to GIST up to 5 cm [6].
However there are several studies that describe tumors greater
than 5 cm up to 10-20 cm in size laparoscopically resected ob-
taining similar operative outcomes (preserving capsular integ-
rity) and complication rates as compared to open surgery
[1,19,24,28-36]. In our experience we treated medium to large
tumors with a mean tumor size of 4.3 £ 1.21 cm. Ultimately,
considering the biological behavior of GISTs and the experience
gained in many centers, minimally invasive surgery must be
considered safe and effective. There are several laparoscopic
techniques for resection of these gastric tumors. They ranged
from Laparoscopic Wedge Resections (LWR), trans-gastric tu-
mor-everting resection, and formal organ resection depending
on the size and location of the tumors with appropriate recon-
struction. Laparoscopic Intermediate Gastrectomy (LIG) is indi-
cated for GIST of the gastric body and in particular for those lo-
cated at the lesser curvature and posterior wall. LWR is an
adequate procedure for tumors of the anterior wall but it could
be difficult to perform in case of GIST of the posterior wall and
in those of the lesser curvature. It needs a good visualization of
the tumor and for posterior lesions this could involve a non-
radical removal. In this location LIG is easy to perform; the com-
plete resection of the intermediate portion of the stomach al-
lows a sure radicality. As regards the posterior GISTs, another
technique is the trans-gastric tumor-everting resection. This
procedure requires experience also to obtain a oncological rad-
icality. Furthermore, this technique presupposes the presence
of an intraluminal exophytic lesion, an element not necessary
for LIG. Especially for posteriorly located lesions, endoscopic
guidance can help the surgeon and its use should be empha-
sized during the operation. In our cases an intraoperative gas-
troscopy was always performed. Another important aspect to
underline is that in case of tumors of the lesser curvature in
particular medium or large size (2-5 cm or > 5 cm) and towards
the gastro-esophageal junction, use of LIG avoids the risk of gas-
tric stenosis and disorders of stomach motility associated to
LWR [37-39] (Figure 5). In fact, LWR in these cases can deter-
mine gastric deformity and impairment of motility due to a
large removal of the gastric wall [37-39] (Figure 5A). In our opin-
ion LIG with a wide gastro-gastric anastomosis performed with

Tristaple 60 mm allows a more effective and physiological tran-
sit (Figure 5B). In the patient underwented to LIG for GIST of
higher lesser curvature > 3 cm, bowel activity resumed on the
fourth postoperative day and after 10 months of follow-up no
stenosis or delayed gastric emptying occurred. In addition LIG is
a relatively fast technique with a mean operation time of 131
minutes similar to that reported in the literature for LWR (about
125 minutes) [3,40-42]. Formal gastric resection can be a valid
procedure for medium/large tumors of the lesser curvature and
posterior wall in order to obtain an oncological radicality with
negative margins. An intermediate gastrectomy can be also an
alternative tecnique to typical gastric resection resulting easier
to perform in laparoscopy. LIG lets the physiological transit of
food unaltered by means of a gastro-gastric anastomosis with-
out the duodenal switch that can determinate malabsorption
syndrome [43]. In our opinion, medium-large GISTs located at
the lesser curvature/posterior wall are the main indication to
LIG. In our experience LIG is an easily executable, safe and effec-
tive procedure. In all cases the histopathological study did not
detect a neoplastic proliferation on the resection margins. The
risk stratification evaluated on the specimen and according to
NIH consensus criteria resulted very low in one case and low
and intermediate risk in the other two. None of our patients
had any major postoperative complications, such as bleeding,
intraabdominal abscess, obstruction and leakage. In literature it
has recently been reported that intraoperative indocyanine
(ICG) angiography is a feasible technique in the evaluation of
intestinal perfusion in laparoscopic surgery and potentially use-
ful in reducing the risk of anastomotic leakage [44,45]. Huh YJ et
al in particolar demonstrated the potential role and usefulness
of ICG-enhanced fluorescence technique using an NIR camera
system as assessment tool for anastomotic vascular perfusion in
laparoscopic gastric surgery [46]. In the last LIG performed in
2019, we evaluated the perfusion of the anastomotic site with
ICG-enhanced fluorescence technique. This fluorescence as-
sessment method after ICG intravenous injection and using
Near-Infrared (NIR) camera imaging, showed a good anasto-
motic perfusion. At a mean follow-up of 22 + 9.1 months, all
patients were recurrence free. It will be useful in the future with
a wider LIG case series to compare this procedure with other
laparoscopic techniques such as wedge resection, transgastric
resection and formal gastric resection in terms of oncological
radicality and post-operative complications.

Conclusions

The surgical management of GIST is based on the principles
of maintaining an intact capsule to prevent tumor spillage and
obtaining a negative margin to ensure complete excision of
localized disease. Thanks to generalized advantages of faster
postoperative course, laparoscopic surgery is becoming a fea-
sible and safe tecnique in this patology. Laparoscopic intermedi-
ate gastrectomy is indicated for GIST of the gastric body and in
particular for those located at the level of the lesser curvature
and posterior wall of medium/large-sized. In these cases LIG
reduces the risk of stenosis and disorders of stomach motility
preserving gastric physiology.

Disclosures: Tommaso Marcucci, Elena Falsetti, Chiara Genz-
ano, Lorenzo Pandolfini, Romana Laessig, Gian Matteo Paroli
and Marco Scatizzi have nothing to disclose.
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