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Abstract

Background Surgery for gastrointestinal stromal tumor (GIST) at the duodenojejunal junction is a technically challenging and
difficult procedure because of the anatomical complexity. When it comes to laparoscopic surgery, it is more challenging than
open surgery. This study aimed to introduce our laparoscopic procedure and to evaluate its clinical implication by comparing with
open procedures.

Method Between 2003 and 2013, 19 patients underwent segmental resection for a GIST at the duodenojejunal junction:
laparoscopic segmental resection with side-to-side duodenojejunostomy (2=8) and open surgery (n=11). Clinicopathological
findings, operation details, and postoperative outcomes were compared.

Results Both groups were comparable in demographics and clinicopathological characteristics. Postoperative hospital stay of the
laparoscopic group (6.3 days) was significantly shorter than the open group (15.7 days, P=0.008) while no significant differences
were observed regarding estimated blood loss, operation time, and morbidity. All patients in both groups underwent curative
resection without operative mortality. Two patients experienced recurrence after open surgery whereas none of the patients after
laparoscopic duodenojejunostomy had recurrence with a median follow-up period of 36 months.

Conclusion Laparoscopic segmental resection with side-to-side duodenojejunostomy for a GIST at the duodenojejunal junction
is a safe, feasible, and effective alternative to open approach, providing benefits of minimally invasive surgery.
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difficult anastomosis after segmental resection of the
duodenojejunal junction for GISTs, even though it is not so
frequent. For the treatment of tumors at the duodenojejunal
junction, various types of surgery have been performed based
on experience with surgery for traumatic transection or ob-
struction of the duodenojejunal junction. Surgeries involving
end-to-end duodenojejunostomy with hand-sewn manner or
end-to-side anastomosis with staplers have been practically
carried out.® '* Although there have been different techniques
for restoring bowel continuity during surgery involving the
duodenojejunal junction, no standard method has yet been
established.

Recently, as a minimally invasive surgery technique for
this area, laparoscopic duodenojejunostomy for superior mes-
enteric artery syndrome was reported to have several advan-
tages, such as less postoperative abdominal pain, a shorter
hospital stay, and a better cosmesis compared with open
surgery.'' ' This concept of anastomosis can be applied after
segmental resection of tumors at the duodenojejunal junction.
We have successfully treated GISTs at the duodenojejunal
junction by applying laparoscopic side-to-side
duodenojejunostomy. This study aimed to introduce our lap-
aroscopic side-to-side duodenojejunostomy technique and to
evaluate it by comparing it to open procedures.

Methods
Patients

Between November 2003 and June 2013, 28 patients with the
duodenojejunal junction GIST underwent surgery at the
Department of Surgery, Severance Hospital, Yonsei
University Health System. We defined a GIST located in the
fourth portion of the duodenum, proximal to the jejunum, and
within 5 cm from the ligament of Treitz as a duodenojejunal
junction GIST. Among those 28 patients, eight patients
underwent a wedge resection and one patient underwent
emergency debulking surgery due to a rupture of the tumor
at the duodenojejunal junction. After exclusion of these nine
patients, the remaining 19 patients who underwent segmental
resection for duodenojejunal junction GIST were included in
the study. Data regarding demographics, operation details,
postoperative outcomes, and clinicopathological findings
based on the 7th edition of the International Union Against
Cancer TNM classification and based on the tumor risk cate-
gory defined by the tumor size and mitotic index proposed by
Fletcher and colleagues ' were collected retrospectively.
Postoperative complications that occurred within 30 days after
the operation were classified according to the Clavien-Dindo
classification system.'> Complications that were classified as
grade II or greater were considered a postoperative morbidity.
Recurrence and the time to recurrence data were collected
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according to diagnostic imaging and/or histologic confirma-
tion. Types of surgery were selected based on the individual
surgeon’s preference. All patients gave proper written in-
formed consent before the operation after receiving a detailed
explanation of the surgery. This study was approved by the
Institutional Review Board of Severance Hospital, Yonsei
University Health System (4-2013-0063). Signed patient in-
formed consent for the use of patient data was waived with
institutional review board approval because they were retro-
spectively collected.

Surgical Technique of Laparoscopic Segmental Resection
with Side-to-Side Duodenojejunostomy

Under general anesthesia, with the patient in a supine position,
four ports were inserted: first port (10 mm) at the
infraumbilical area for the camera, second port (5 mm) below
the right subcostal margin on the right midclavicular line, third
port (12 mm) two to three fingers above the umbilical level
lateral to the left midclavicular line, and fourth port (5 mm)
below the left subcostal margin on the left midclavicular line
(Fig. 1). After laparoscopic exploration and traction of the
omentum and the transverse colon toward the diaphragm,
mobilization of the duodenojejunal junction by dissection of
the ligament of Treitz and careful division of the branches
from the first jejunal vessels were performed. The
duodenojejunal junction area proximal to the tumor was
transected with a linear stapler and then segmental resection
of the jejunum including the tumor was completed by
transecting the jejunum distal to the tumor with a linear stapler
(Fig. 2). Details of these resection procedures are demonstrat-
ed in Video 1. To restore the bowel continuity, the second to
third portion of the duodenum was exposed by dissecting the
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Fig. 1 Schematic illustration of the port placement
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Fig. 2 Mobilization of the duodenojejunal junction and segmental
resection of the duodenojejunal junction area (a) with schematic
illustration (b). Ligament of Treitz and feeding vessels from the first
jejunal branches were dissected to mobilize the duodenojejunal junction
and a segmental resection was performed

posterior leaflet of the transverse mesocolon right to the
midcolic vessels, and after adequate mobilization, the distal
loop of the jejunum was anastomosed with the third portion of
the duodenum using a linear stapler in a side-to-side manner
(Fig. 3). The entry hole for the stapler was closed with lapa-
roscopic suturing. Details of anastomosis procedures are pre-
sented in Video 2. After completing the anastomosis, the
specimen was delivered through an extension of the
infraumbilical port. A representative preoperative computed
tomography image and postoperative barium study image are
shown in Fig. 4.

side to side anastomosis
with a linear stapler

3rd portion of duodenum

Distal part of jejunum

Fig. 3 Laparoscopic side-to-side anastomosis (a) with schematic
illustration (b). Mobilization of the third portion of the duodenum was
performed and a side-to-side anastomosis made using a linear stapler.
Linear stapler was inserted from the 12-mm trocar at the left flank of the
patient

Statistical Analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences statistical software version 19.0
(IBM, Armonk, NY, USA). Categorical data were compared
with the chi-square test, and continuous variables were com-
pared using the Student’s ¢ test. A p value of <0.05 was
considered to be statistically significant.

Results

Of the 19 patients who underwent segmental resection of the
duodenojejunal junction, eight patients underwent laparo-
scopic segmental resection with side-to-side
duodenojejunostomy (LAP group), and 11 patients underwent
segmental resection through open laparotomy (OPEN group).
Within the open surgery group, four patients underwent a
hand-sewn end-to-end anastomosis, two patients underwent
a hand-sewn end-to-side anastomosis, two patients underwent
an end-to-side anastomosis using a circular stapler, and three
patients underwent a side-to-side anastomosis using a linear
stapler.

The patients’ characteristics in the two groups are summa-
rized in Table 1. There were no significant differences be-
tween the groups in terms of age, gender, body mass index,
American Society of Anesthesiologists Physical Status, and
previous abdominal operation history. There were no signifi-
cant differences in all pathological findings between the two
groups (Table 2).

Surgical outcomes are summarized in Table 3. There were
no significant differences observed in estimated blood loss
(LAP 90.4 ml, OPEN 161.1 ml, P=0.491) and operation time
(LAP 141.3 min, OPEN 170.9 min, P=0.491). However, the
hospital stay was shorter in the laparoscopic group [(mean;
LAP 6.3 days, OPEN 15.7 days, P=0.008), (median; LAP
5 days, OPEN 14 days, P=0.020)]. There was no conversion
in the laparoscopic group. Regarding morbidity, one patient in
the laparoscopic group presented with a small bowel obstruc-
tion and required laparoscopic bandlysis. Two patients in the
open group who presented with small bowel obstruction were
managed conservatively. One patient in the open group had an
intra-abdominal abscess and was treated with intravenous
antibiotics alone. Overall, no significant difference was ob-
served in the postoperative morbidity rate (LAP 1 (12.5 %),
OPEN 3 (27.3 %), P=0.435) and no mortality was observed in
either group.

All patients in both groups underwent curative resection
without violating oncologic principles such as tumor rupture
or spillage. With a median follow-up period of 36 months
(range 1-107 months) of all cohorts [(LAP 37 months (range
1-100 months), OPEN 36 months (range 1-107 months)],
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Fig. 4 Preoperative computed
tomography showing a 3-cm
enhancing mass (arrow) at the
duodenojejunal junction (a) and
postoperative barium study image
showing the anastomosis site,
duodenal stump, anastomosis site,
and jejunal stump (b)

recurrences were observed in two patients only in the open
group whereas none were observed in the laparoscopic group.
Two patients in the open group developed multiple liver
metastases at 13 and 30 months after surgery.

Discussion

Treatment of a GIST at the duodenojejunal junction has been
considered to be a difficult procedure even by open surgery. In
our study, we demonstrated a successful laparoscopic segmen-
tal resection followed by side-to-side anastomosis for GISTs
located at the duodenojejunal junction. Moreover, we con-
firmed its safety and efficacy with a resultant shorter hospital

Table 1  Comparison of patients’ characteristics
Characteristics Laparoscopy Open P
(N=8) (N=11)
Age® 51.3+11.7 56.6+13.0 0.367°
Sex (male/female) 5/3 7/4 0.960°
Body mass index” 21.7+3.5 242424 0.128°
ASA-PS
I 4 5 0.845°¢
10, T 4 6
Previous abdominal 1 0.811°

operation history

ASA-PS American Society of Anesthesiologists Physical Status
classification

#Values are mean=SD
®Student’s 7 test
€ X2 test
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stay, comparable morbidity, and comparable oncological out-
come compared with open surgery.

The main reasons for the difficulties in resection and re-
construction around the duodenojejunal junction area come

Table 2  Comparison of pathological characteristics

Characteristics Laparoscopy Open P
(N=8) (N=11)

Tumor size (cm) 51.3+11.7 46.1+21.2 0.835%
T1 (tumor size <2) 1 0 0.316"
T2 (2<tumor size <5) 2 9
T3 (5<tumor size <10) 2 2
T4 (10<tumor size) 1 0

Histologic grade
G1 (<5/50 HPF) 7 10 0.811°
G2 (>5/50 HPF) 1 1

Prognostic groups
I 4 9 0.415°
I 2 1
la 1 0
1Ib 1 1
v 0 0

Risk category
Very low 1 0 0.200°
Low 3 9
Intermediate 3 1
High 1 1

Values are mean+SD

HPF mitoses per 50 high-power fields
#Student’s # test

b X2 test
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Table 3  Comparison of operative outcomes

Characteristics Laparoscopy Open P
(N=38) (N=11)
Operation time* 141.3+54.2 170.9+65.6 0.297°
Estimated blood loss® 90.4+206.7 161.1+£205.8 0.491°
Curability
RO 8 11 >0.999¢
R1/2 0
Hospital stay
Median 5 14 0.020°
Mean® 6.3+3.9 15.7+9.2 0.008°
Postoperative morbidity 1(12.5 %) 3(27.3 %) 0.435°¢
Mortality 0 0
Recurrence 0 2 0.202°

#Values are mean+SD
® Student’s 7 test
€ X2 test

4 Fisher’s exact test

from the associated anatomical complexity. The fourth part of
the duodenum is directed obliquely upward from the
retroperitoneum and ends at the duodenojejunal junction at
the level of the second lumbar vertebra (i.e., around the root of
the transverse mesocolon). Its end is very close to the draining
point of the inferior mesenteric vein to the splenic vein, and
the upper end of the root of the mesentery also attaches around
the duodenojejunal junction. The duodenojejunal junction is
suspended by the ligament of Treitz, a remnant of the dorsal
mesentery, which extends from the duodenojejunal flexure to
the right crus of the diaphragm, which has considerable ana-
tomical variation in each patient.'® These anatomical com-
plexities make it difficult to expose the operation field by
visualizing the intestine circumferentially. Thus, anastomosis
is technically difficult. More importantly, the short stump of
bowel after resection of the tumor at the duodenojejunal
junction makes it difficult to handle during the anastomosis.
Recently, several different procedures for duodenojejunal
junction GISTs through the open approach have been reported
such as end-to-end duodenojejunostomy using hand-sewn
technique and end-to-side duodenojejunostomy technique.”'°
However, even in those open procedures, the technical diffi-
culties of the duodenojejunostomy are evident because of the
anatomical complexity of the duodenojejunal junction, and all
of'these technical obstacles have not been sorted out yet. Thus,
no standard procedure for duodenojejunostomy for GISTs is
established, even for the open approach. As for our laparo-
scopic side-to-side duodenojejunostomy, the concept of the
procedure was inspired by reports of laparoscopic
duodenojejunostomies for duodenum obstruction due to su-
perior mesenteric artery syndrome.'' " Using this concept for
reconstruction after resection of a duodenojejunal junction

GIST, a surgeon can easily perform the resection and recon-
struction in this anatomically difficult area using a minimally
invasive approach. Moreover, laparoscopic side-to-side
duodenojejunostomy showed advantages of minimally inva-
sive surgery such as shorter hospital stay, although it was not
statistically significant.

At the same time, the most important matter concerning the
resection of GISTs is the oncological safety. There is uniform
agreement that the surgical treatment of choice for GISTs is
resection of the tumor with negative surgical margins and
without tumor spillage during the operation.'” The optimal
surgical procedure for duodenal GISTs of the fourth portion of
the duodenum is guided by the size and exact location of the
tumor.'® The oncological feasibility of the limited resection
with a safe margin is regarded as an alternative to the wide
resection represented by pancreaticoduodenectomy. A wedge
resection can be adequate for small lesions provided that the
lumen is not compromised after resection. Otherwise, a seg-
mental resection is adequate for larger tumors located around
the duodenojejunal junction. We have previously described
oncological outcomes after laparoscopic resection of the small
bowel including of duodenum GISTs of size less than 10 cm.”
In fact, in our study, there was no tumor spillage during the
operation, and all patients underwent curative resection.
Further, no recurrence was observed after laparoscopic seg-
mental resection with duodenojejunostomy with a follow-up
period of 36 months. Thus, this procedure could be a treatment
option for GISTs located at the duodenojejunal junction.
Although resection of tumor without regional lymphade-
nectomy is accepted as standard treatment for GIST unlike
to surgery for small bowel or duodenal adenocarcinomas,
laparoscopic side-to-side duodenojejunostomy after pri-
mary tumor resection with regional lymphadenectomy
can be applied for the treatment of duodenojejunal junc-
tion adenocarcinomas.

However, our study is limited by its retrospective nature
and possible selection bias based on surgeons’ preference for
open or laparoscopic approach and anastomotic technique.
Some surgeons had little experience of advanced laparoscopic
procedure while some surgeons were experts; thus, the oper-
ative approaches were decided based on different skills of
each surgeon. As mentioned above, since there is no standard
procedure for the reconstruction of this area even with open
laparotomy, the anastomosis procedure in the open group
includes several methods. Patients included in this study were
having mostly normal BMI, thus there would be more tech-
nical difficulties when laparoscopic side-to-side
duodenojejunostomy is applied to obese patients. The number
of patients included in our study was rather small with which
to make conclusions, due to the infrequent incidence of GISTs
located at the duodenojejunal junction. However, to our
knowledge, this is the first study to introduce the laparoscopic
approach for this technically difficult resection and
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anastomosis of GISTs located at the duodenojejunal junction.
Furthermore, our study also confirms the procedure’s safety,
short term benefits, and intermediate oncological outcomes.

Conclusion

Laparoscopic segmental resection of GIST at the duodenojejunal
junction with side-to-side duodenojejunostomy is a safe and
feasible alternative to the traditional open approach. Although
a larger cohort of patients is needed for conclusions to be drawn,
a laparoscopic segmental resection with side-to-side
duodenojejunostomy might have the potential to be one of the
options for the treatment of GISTs located at this anatomically
complex area and provides the benefits of minimally invasive

surgery.
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