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Introduction

Gastrointestinal stromal tumours (GIST) are rare 
tumours of the digestive tract which are mesenchy-
mal in origin. The incidence of GIST is estimated 
to be between ten and twenty per million [1] per 
year. They occur most commonly in the stomach 

(62–71%), followed by the small intestine (23–29%). 
Other sites such as the oesophagus and the rectum 
are relatively uncommon [2, 3]. Gastric GISTs ac-
count for approximately 3% of all gastric tumours 
and 10–30% of them behave in an overtly malignant 
manner. Gastrointestinal stromal tumo are most fre-
quently located in the greater curvature and body of 
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A b s t r a c t

Introduction: Gastrointestinal stromal tumours (GISTs) are a rare class of neoplasms that are seen most commonly 
in the stomach. Due to their malignant potential, surgical resection is the recommended method for management of 
these tumours. Many reports have described the ability to excise small and medium sized GISTs laparoscopically, but 
laparoscopic resection of GISTs greater than 5 cm is still a matter of debate.
Aim: To investigate the feasibility and effectiveness of laparoscopic surgical techniques for management of large 
gastric GISTs greater than 4 cm and to detail characteristics of this type of tumour. 
Material and methods: The study cohort consisted of 11 patients with suspected gastric GISTs who were treated 
from 2011 to April 2014 in a single institution. All patients underwent laparoscopic resection of a gastric GIST.
Results: Eleven patients underwent laparoscopic resection of a suspected gastric GIST between April 2011 and April 
2014. The cohort consisted of 6 males and 5 females. Mean age was 67 years (range: 43–92 years). Sixty-four percent 
of these patients presented with symptomatic tumours. Four (36.4%) patients underwent laparoscopic transgastric 
resection (LTR), 3 (27.3%) laparoscopic sleeve gastrectomy (LSG), 3 (27.3%) laparoscopic wedge resection (LWR) and 
1 (9%) laparoscopic distal gastrectomy (LDG). The mean operative time was 215 min. The mean tumour size was 
6 cm (range: 4–9 cm). The mean tumour size for LTR was 5.5 cm (range: 4–6.3 cm), for LWR 5.3 cm (range: 4.5–7 cm), 
for LSG 6.5 cm (range: 4–9 cm) and for LDG 9 cm. We experienced only minor postoperative complications.
Conclusions: Laparoscopic procedures can be successfully performed during management of large gastric GISTs, big-
ger than 4 cm, and should be considered for all non-metastatic cases. The appropriate approach can be determined 
by assessing the anatomical location of each tumour.
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the stomach [4]. The malignant potential of GISTs is 
not easy to predict and depends on many variables 
such as the size, mitotic activity and location of the 
tumour within the gastrointestinal tract itself. Over-
all, it is felt that GISTs originating in the small bowel 
tend to behave more aggressively than those located 
in the stomach or oesophagus [5].

The gold standard of treatment for GIST is sur-
gical excision. Furthermore, surgical excision with 
associated negative resection margins is the recom-
mended treatment for all non-metastatic GISTs [5, 
6]. Of note, routine resection of regional lymph nodes 
during the surgical procedure is not recommend-
ed. This is based on the fact that GIST represents 
a subtype of mesenchymal neoplasm and therefore 
spreads through direct invasion or haematogenous 
routes. The actual involvement of lymph nodes is in 
fact rare, with figures reported to be between 1% 
and 4% [7, 8]. The use of a surgical technique that 
promotes careful tissue handling to prevent ruptur-
ing of the tumour during resection is absolutely es-
sential. Such unwanted tumour spillage or haemor-
rhage is directly associated with a high local regional 
recurrence rate, as well as the actual development of 
peritoneal sarcomatosis [9]. A recent study that con-
founds this theory demonstrated that tumour spill-
age is a negative prognostic indicator of much worse 
severity than an R1 tumour resection [10].

Laparoscopic approaches are still considered rel-
atively new for GIST surgery. The first report detailing 
laparoscopic resections of a gastric GIST, along with 
other benign tumours, was published in 1999 [11, 
12]. Since that time laparoscopic techniques have 
become more popular in the treatment of GIST and 
are now recommended as the standard procedure 
for GISTs measuring < 5 cm [13]. There is still a lot 
of controversy in relation to laparoscopic resection 
of GISTs > 5 cm, and the best option for removal of 
a  large gastric GIST has been widely discussed in 
the literature. However, there is currently no con-
sensus regarding the best approach for managing 
this tumour laparoscopically.

Aim

The purpose of this study was to investigate the 
feasibility and effectiveness of laparoscopic surgi-
cal techniques for the management of large gastric 
GISTs greater than 4 cm in size and to detail the 
characteristics of this type of tumour. 

Material and methods

The study cohort consisted of patients with sus-
pected gastric GISTs who were treated from April 
2011 to April 2014 in a single institution (Beaumont 
Hospital, Royal College of Surgery in Ireland, Dub-
lin, Ireland). All patients underwent laparoscopic re-
section of a GIST. Patient demographics and clinical 
presentation were analysed. All patients underwent 
oesophagogastroduodenoscopy (OGD) and a  com-
puted tomography scan (CT) prior to the procedure. 
All the patients were discussed at the Upper Gas-
trointestinal Multidisciplinary meeting prior to the 
clinical decision for tumour resection. A formal lap-
aroscopic abdominal exploration was performed to 
confirm the absence of liver or peritoneal metastasis 
prior to the surgical resection.

Histological classification

Histopathological results were analysed for size, 
presence of negative margins (R0), and mitotic index 
(number of mitoses per 50 high-power fields). All tu-
mours were analysed for expression of immunohis-
tochemical markers such as: c-kit (CD 117), CD 34,  
DOG1, desmin, vimentin and smooth muscle myo-
sin. The risk assessment was estimated using the 
Miettinen classification.

Surgical 

All surgical procedures were performed laparo-
scopically with the patient placed on a bean bag in 
the Lloyd-Davis position, with the table tilted to 45° 
with the head up. The operating surgeon stood be-
tween the patient’s legs. A pneumoperitoneum was 
created using a  Veress needle which was inserted 
into the left upper quadrant. Standard insufflation 
with carbon dioxide to a pressure of 12–15 mm Hg 
was employed. After establishing the pneumoperi-
toneum, the camera was introduced using a 12 mm 
optical trocar inserted two thirds of the way between 
the xiphisternum and umbilicus. Three ports were 
then placed in the abdomen under direct visualiza-
tion. One 12 mm port was inserted into the left up-
per quadrant along the mid-clavicular line and one  
5 mm port was inserted lateral to that. Another 5 mm 
port was then inserted into the right upper quadrant 
along the mid-clavicular line. A 10 mm 30° camera 
was used in all cases. A Snowden-Pencer articulating 
liver retractor was used to elevate the left lobe of 
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the liver. A 5 mm laparoscopic LigaSure system was 
used to divide the gastric vessels. Gastroscopy was 
performed in the operating room in selected cases 
to determine the extent of the gastric resection and 
to further confirm the stapler position prior to re-
section. The stomach resection was executed using  
a 12 mm endo-GA stapler (Covidien, Mansfield MA, 
USA). Transgastric resection was then performed 
through an anterior laparoscopic gastrostomy. To 
avoid tumour spillage, all tumours were placed at an 
early stage into a laparoscopic retrieval bag, as well 
as using an Alexis wound protector during the spec-
imen extraction process. After completing the re-
section, a small incision was made in the left upper 
quadrant through which to recover the specimen. 

In the postoperative phase following a  laparo-
scopic subtotal gastrectomy (LSG), patients were al-
lowed sips of clear fluid on day one, progressing to 
free fluids on day 2 with an expected advancement 
to a soft diet on day 3. Patients recovering from al-
ternative surgical resections such as sleeve, wedge 
or transgastric procedures were allowed to drink 
clear fluids on day one and were ultimately started 
on full oral feeding as soon as it was tolerated.

Statistical analysis

The categorical data are presented as the number 
of cases and percentages for each group of interest. 
The continuous data are reported as mean, median 
and range. Statistical analysis was performed using the 
StatsDirect version 3.0 for Windows (StatsDirect Ltd. 
UK). The data was analysed using Mann-Whitney U test.

Results

Between April 2011 and April 2014, 11 patients 
underwent laparoscopic resections for suspected 
gastric GIST. The cohort consisted of 6 (54.5%) males 
and 5 females. The mean age was 67 years (range: 
43–92 years). Sixty-four percent of the patients pre-
sented with symptomatic tumours. The most com-
mon symptom was gastrointestinal bleeding fol-
lowed by chronic anaemia and vomiting with weight 
loss. Thirty-six percent of the patients were in fact 
asymptomatic and the mass was an incidental find-
ing during other investigations (Table I).

The majority of tumours were located in the gas-
tric body (72.7%), followed by the oesophago-gastric 
junction (18.2%) and antrum (9.1%) (Table II).

None of the patients received neoadjuvant ther-
apy with a  tyrosine kinase inhibitor. All procedures 
were successfully completed laparoscopically. Three 
(27.3%) patients underwent gastric laparoscopic 
wedge resection (LWR), 3 (27.3%) laparoscopic sleeve 
gastrectomy (LSG), 4 (36.4%) laparoscopic transgas-
tric resection (LTR) and 1 (9%) laparoscopic distal 
gastrectomy (LDG). The mean operative time was  
215 min. The mean operative time for LTR was 
220  min (range: 120–345 min), for LWR 231  min 
(range: 195–270 min), for LDG 195 min and for LSG 
240 min (range: 120–300 min). There was no statis-
tically significant difference between the groups in 
relation to the operative time (p = 0.894). The mean 
length of stay was 5.6 days (range: 2–16 days). 
One patient remained in hospital for more than  
2 weeks but this was secondary to social reasons only. 
If these cases are excluded, then the mean length 
of stay was 4.6 days (range: 2–9 days) (Table III). 
Overall there were no serious postoperative com-
plications. One patient developed localised port site 

Table I. Patients demographic

Parameter Result

Gender:

Male 6 (54.5%)

Female 5 (45.5%)

Age at surgery [years]:

Mean (range) 67 (43–92)

Median ± SD 67 ±16

Gastrointestinal bleeding 5

Incidental findings 4

Anaemia 1

Vomiting and weight loss 1

Table II. Tumour localization

Variable Result

Oesophago-gastric junction 2

Stomach body:

Fundus 2

Lesser curvature 2

Greater curvature 3

Posterior gastric wall 1

Antrum 1
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bleeding, which was uncovered by a reduction in his 
haemoglobin and was treated conservatively. There 
was also one port site hernia, discovered during fol-
low-up in the outpatient department. 

Ten (90.9%) patients had confirmed GIST ac-
cording to the final pathological examination. One 
tumour proved to be a schwannoma. In every case, 
microscopically assessed resection margins were neg-
ative (R0). The mean tumour size was 6 cm (range: 
4–9 cm). The mean tumour size for LTR was 5.5 cm 
(range: 4–6.3 cm), for LWR 5.3 cm (range: 4–7 cm), for 
LSG 6.5 cm (range: 4–9 cm) and for LDG 9 cm.

All GISTs were positive for c-kit and CD 34 
(100%), with 70% positive for DOG-1. The majority 
of the patients (64%) had tumour mitotic index val-
ue < 5/50 HPF, and 36% had no mitotic activity (Ta-
ble IV). From the metastatic potential point of view, 
ten tumours belonged to group 3a according to the 
Miettinen classification (probably benign – very low 
metastatic potential), regardless of the initial size. 

After GIST resection, the need for follow-up was 
assessed individually for each patient based on the 
histological classification and age. Surveillance im-
aging was conducted annually for 2 years. During the 
follow-up period, one 92-year-old patient, after un-
dergoing a laparoscopic subtotal gastrectomy, devel-
oped a distant recurrence (liver) after approximately 
12 months. This patient was originally deemed unfit 
for surgery due to his advanced age and comorbidi-
ties. A decision to operate on this patient was made 
due to a recurrent significant upper gastrointestinal 
bleed, requiring significant blood transfusions.

Discussion

Despite the development of targeted molecular 
therapies such as tyrosine-kinase inhibitors for the 
management of GISTs, surgical resections remain 
the cornerstone of treatment for localized disease. 
The main objective of surgical management is a func-
tion-preserving operation with negative margins. 
Due to the very rare lymphatic spread of GIST, there 
is no need for routine lymphadenectomy, reserving 
this procedure only for biopsy-confirmed lymphatic 
involvement. In our series, 50% of the patients under-
went tumour wedge resections, including transgastric 
resections. Compared to other available studies we 
observed higher rates of sleeve gastrectomy. This is 
mainly due to the large tumour diameter, a situation 
in which simple wedge resection may lead to stom-
ach distortion and disturbance of function. Sleeve 
gastrectomy is a safe option for this cohort of patients 
and, as we reported, there was no significant differ-
ence in relation to the operative time, post-operative 
length of stay or recommencement of oral intake. 

The use of a  surgical technique that promotes 
careful tissue handling to prevent tumour rupture 
is mandatory. Tumour spillage or haemorrhage is 
associated with high loco-regional recurrence rates 
as well as the development of peritoneal sarcomato-
sis [9]. A recent study showed that tumour spillage 
represents a far worse prognostic factor than R1 tu-
mour resection [10]. In our series we used laparo-
scopic retrieval bags in the early stages of resection. 
All exophytic tumour was placed inside the bag to 
prevent the spillage, prior to laparoscopic dissection. 
We also use a ‘’non-touch technique’’, which means 
that we do not touch the tumour with surgical in-
struments during the resection. 

Where tumours are loco-regionally advanced and 
not primarily resectable, or where resection would 
result in poor functional outcome due to tumour 

Table III. Details of surgical procedures and its outcome

Procedure No. of 
patients

Mean tumour 
size [cm]

Operative time 
and range [min]

Length of stay 
and range [days]

Resection 
margin

Laparoscopic transgastric resection (LTR) 4 5.5  
(range: 4–6.3)

220  
(range: 120–345)

4.5  
(range: 4–5)

R0

Laparoscopic wedge resection (LWR) 3 5.3  
(range: 4–7)

231  
(range: 195–270)

3.6  
(range: 2–5)

R0

Laparoscopic sleeve gastrectomy (LSG) 3 6.5  
(range: 4–9)

240  
(range: 120–300)

8  
(range: 4–16)

R0

Laparoscopic distal gastrectomy (LDG) 1 9.0 195 9 R0

Table IV. Histological details of patients GISTs

Mitotic activity No. of patients

No mitotic activity 3

< 5/50 HPF 7
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size, a neoadjuvant therapy with a  tyrosine kinase 
inhibitor (imatinib) may be considered, based on 
individual evaluation. Clinical studies conducted 
since 2001 confirm the significant activity of ima-
tinib mesylate in metastatic and inoperable locally 
advanced GIST. Therefore imatinib should be used 
as first-line treatment for unresectable and/or met-
astatic GISTs [5, 6, 14]. Once imatinib therapy has 
been started, it is recommended to maintain it for 
3 to 12 months in order to achieve a maximum re-
sponse, before proceeding to final radical surgery 
[15]. In our series none of the patients received neo-
adjuvant treatment with imatinib. 

Traditionally, surgical resection has been achieved 
by means of open surgery, necessitating prolonged 
hospital stays and recovery. Laparoscopic approach-
es are relatively new for GIST surgery. Multiple stud-
ies have reported the patient benefits of a laparo-
scopic approach [16–22]. All these studies reported 
a significantly lower risk of minor complications as-
sociated with laparoscopic surgery, as well as a de-
creased postoperative hospital stay, shorter time of 
first flatus, and shorter time for resumption of oral 

intake. In our series, all patients received enteral 
feeding from post-operative day one and were dis-
charged at days 3–4 post-operatively, which is soon-
er than reported in the literature for open surgery. 

Total operative time in our study was 215 min, 
which is longer than reported in other similar studies 
[19]. The longer operative time probably results from 
three factors. Firstly, the timings were recorded from 
the beginning of anaesthesia to patient extubation. 
Secondly, we used a  “non-touch technique” and  
early protection against the tumour spillage, which 
significantly increased the technical difficulty and 
may have contributed to the prolonged operative 
time. The third factor was the tumour size, which 
was generally bigger than in other studies. A  lapa-
roscopic approach is recommended as a  standard 
procedure for small GISTs < 5 cm [13]. In our study 
the mean tumour size was 6 cm, with two tumours 
of 9 cm. The literature contains a few reports of lap-
aroscopic resections for GISTs bigger than 8 cm, and 
to date this is a series of laparoscopically resected 
large gastric GIST including tumours of up to 9 cm. 
The available studies are listed in Table V.

Table V. Literature review about laparoscopic resection of large gastric GIST

Author Number  
of 

patients

Year Tumor 
localization

No. of 
conversions to 
open procedure

Mean tumour size and 
more detail tumour 
size characteristic

Recurrence 
rate

Valle et al. [18], 
2013

38 2004–2012 Cardia 2
Fundus 10

Lesser curve 11
Greater curve 12

Antrum 3

0 3.63 cm
2 < 2 cm

26 – 2–5 cm
8 – 5–10 cm
2 > 10 cm

Not recorded

Kim et al. [23], 
2012

104
Lap 80

1998–2011 All GIST:
Upper 61
Middle 24
Lower 19

Tumour > 5 cm:
Upper 19
Middle 11
Lower 8

0 5.1 ±3.3 cm
38 tumours  
24 lap cases  

Tumour > 5 cm 

4 (1 in lap 
group, 3 in 

open group)

Karakousis et al. 
[24], 2011

155 
Lap 40 

1998–2009 Non-GE junction 13 (5 due to tu-
mour location at 
the GE junction 
or lesser curve)

All tumours  
< 8 cm

Median size 3.6 (0.7–7.8)
9 tumours > 5 cm

1 recurrence 
in open and 
laparoscopic 

group

Sokolich et al. [25], 
2009

4 cases
All lap

2007 Body 3
Antrum 1

0 One – 10 cm
One – 2.5 cm 
One – 3.6 cm
One – 14 cm

Not recorded

Catena et al. [26], 
2008

46 cases
Lap 21

Open 25

2001–2006 Stomach body 16 
Antrum 4
Fundus 1

0 4.5 cm
(2.0–8 cm)

0
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In our study all of the tumours, regardless of 
the size, were resected with clear margins (R0). 
There was one recurrence in our study cohort. This 
occurred in a  92-year-old man, who was originally 
turned down for operative treatment, but required 
resection due to recurrent significant upper GI bleed-
ing. Despite the tumour recurrence, this patient re-
mains alive and is asymptomatic. The results of our 
study are similar to those obtained by other authors 
and support the oncological safety of laparoscopic 
resections. 

Conclusions

Our findings support the application of laparo-
scopic techniques for the resection of large gastric 
GISTs. We demonstrated that the clinical outcome is 
similar to the results obtained from authors resect-
ing GISTs < 5 cm. In situations where larger GISTs 
are located in the body of the stomach and wedge 
resections may lead to significant gastric distortions, 
good alternative options include a sleeve gastrecto-
my or a laparoscopic distal gastrectomy.

Many current guidelines recommend open re-
sections for large gastric GISTs > 5 cm, due to their 
theoretical malignant potential. In our series, none 
of the resected tumours were classified in the high 
malignant potential groups after careful histological 
examinations. The risk of spillage can be very eas-
ily eliminated by the “non-touch technique’’, early 
use of retrieval bags and wound protectors. In these 
situations the size should then not be taken into ac-
count as a cut-off point for laparoscopic resections.

To allow for definitive recommendations of lapa-
roscopic surgery as a new standard for large gastric 
GISTs, it would be necessary to have results from at 
least one randomised control trial. It would be ex-
tremely difficult to design this study, due to the rar-
ity of large gastric GISTs. In our opinion, based only 
on our experience and available retrospective data, 
we believe that laparoscopic resection of a  large 
gastric GIST is a safe procedure from a surgical and 
oncological point of view, and offers comparable re-
sults to open surgery with lower postoperative mor-
bidities. However, we strongly recommend that this 
procedure be carried out in specialist upper GI cen-
tres, with high levels of laparoscopic experience. We 
also recommend that every case should be carefully 
discussed at specialised upper GI multidisciplinary 
meetings, prior to surgery.
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