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Abstract
Background  Robotic system may have potential advantages to facilitate the technically challenging splenic hilar lymphad-
enectomy during gastrectomy for gastric cancer. However, robotic spleen-preserving splenic hilar lymphadenectomy is 
performed infrequently not only because of the limited availability of the robot but also because of its technical difficulty. 
In this study, we describe our technique of performing robotic spleen-preserving splenic hilar lymphadenectomy in detail to 
facilitate wider application and present operative outcomes and the follow-up results of the procedure.
Methods  From 2005 to 2015, 93 patients underwent robotic total gastrectomy with D2 lymphadenectomy. One patient with 
obvious lymph node (LN) metastasis received splenectomy and was excluded from the analysis. Intraoperative complications, 
operation and console time, estimated blood loss, postoperative morbidity and mortality, the number of harvested LNs in 
total and at the splenic hilum, and 5-year overall survival were analyzed, retrospectively.
Results  Among the 92 patients, robotic spleen-preserving splenic hilar lymphadenectomy was successfully performed in 
91 patients except one who experienced intraoperative splenic artery injury which demanded splenectomy to be performed 
simultaneously. The overall mean operation time and console time were 287.2 ± 66.0 and 180.2 ± 47.2 min, respectively. 
Mean estimated blood loss was 141.1 ± 227.0 ml. The mortality was 1.1% (1/92). The overall postoperative morbidity rate 
was 16.3% (15/92). There was no case of pancreatic fistula, whole splenic infarction, or the delayed aneurysm of splenic 
artery. The mean numbers of harvested LNs in total and at the splenic hilum were 50.8 ± 18.1 and 1.9 ± 2.6. The 5-year 
overall survival was 86.3% and 5-year recurrence-free survival was 87.4%.
Conclusion  This study suggests that robotic application for spleen-preserving splenic hilar lymphadenectomy could be a 
feasible and safe method.

Keywords  Gastric cancer · Robot · Total gastrectomy · Spleen preservation · Splenic hilar dissection · D2 lymph node 
dissection

Following a trend towards proximal migration, the incidence 
of gastric cancer in the upper third of the stomach has gradu-
ally increased over the years [1–4]. The standard treatment 
for proximal gastric cancer at an advanced stage is total gas-
trectomy with D2 lymphadenectomy, which includes the dis-
section of lymph nodes (LNs) at the splenic hilum (No.10 
LNs) according to the Japanese guidelines [5]. Traditionally, 
to complete No.10 LNs dissection, splenectomy was per-
formed. However, simultaneous splenectomy has not been 
found to be superior to No.10 LNs dissection with spleen 
preservation with regard to survival. Moreover, studies have 
shown that preservation of the spleen decreases morbidity 
compared to splenectomy in patients who underwent total 
gastrectomy [6–8]. Accordingly, spleen-preserving splenic 
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hilar lymphadenectomy has been increasingly applied [8], 
although it is a technically challenging procedure, even for 
experienced surgeons and especially when performed by 
minimally invasive approaches [9–11].

Compared with conventional laparoscopic surgery, 
robotic surgery has been reported to offer more precise dis-
section around vessels for lymphadenectomy with the help 
of various technical advantages, such as three-dimensional 
imaging, motion scaling, tremor filtering, coaxial alignment, 
and articulating wristed instruments [11–13]. Robotic appli-
cation could make the performance of splenic hilar lymphad-
enectomy easier, compared to laparoscopy [13]. However, 
robotic spleen-preserving splenic hilar lymphadenectomy is 
not popular, not only because of the limited availability of 
the robot for gastrectomy but also because of its difficulty.

In this study, along with a video demonstration, we 
describe our surgical technique for performing robotic 
spleen-preserving splenic hilar lymphadenectomy in detail, 
to facilitate wider application of this procedure. Addition-
ally, we present operative outcomes and follow-up results 
of the procedure.

Materials and methods

Patients and indications

From July 2005 to October 2015, 1142 patients with gas-
tric cancer underwent robotic gastrectomy at Severance 
Hospital, Yonsei University Health System, Korea. There 
were 228 patients who underwent robotic total gastrecto-
mies. Among them, 93 patients with gastric cancer under-
went robotic total gastrectomy with D2 lymphadenectomy. 
Among these patients, one underwent simultaneous splenec-
tomy because of strong suspicion of No.10 LNs metastasis. 
The other 92 patients underwent robotic total gastrectomy 
with spleen-preserving D2 lymphadenectomy. All of these 
92 robotic total gastrectomies with D2 lymphadenectomy 
were performed by two surgeons, Hyung WJ and Kim HI, 
who individually perform over 200 gastrectomies for gastric 
cancer in a year. Clinicopathologic features and surgical out-
comes, including demographic data, intraoperative findings, 
pathology reports, postoperative recovery data, and follow-
up results were extracted from a prospective database. This 
retrospective study was approved by the Institutional Review 
Board (4-2016-0718). The need for signed informed consent 
from each patient was waived by the institutional review 
board because of the retrospective design of the study.

The preoperative diagnosis of gastric cancer was con-
firmed by upper endoscopy and biopsy. For clinical stag-
ing, all patients underwent preoperative endoscopic ultra-
sound and abdominopelvic computed tomography. In our 
institution, patients with serosal involvement or suspicion 

of extraperigastric LN metastasis are excluded from under-
going minimally invasive surgery, except in clinical trials. 
Accordingly, patients with a primary tumor of proper mus-
cle invasion regardless of circumferential tumor location or 
invasion deeper than the proper muscle located on the lesser 
curvature of the stomach and without obvious metastatic 
LNs along the splenic hilum on preoperative examination 
were considered candidates for robotic total gastrectomy 
with spleen-preserving D2 lymphadenectomy.

Surgical technique (supplementary videos)

After positioning, securing, and preparing the patient in the 
supine position under general anesthesia, a 12-mm trocar 
was placed at the midline just below the umbilicus for insert-
ing a dual lens laparoscope. After pneumoperitoneum of 
12 mmHg was achieved, the operating table was placed in a 
15° reverse Trendelenburg position. After determining the 
optimal location of the port sites, four additional ports were 
inserted under camera visualization. Specifically, two 8-mm 
ports for the first and third arms were placed 1 cm below the 
costal angle bilaterally, as far laterally as possible; the ports 
should be at least 1 cm above the level of the bowel when 
viewed internally. The last 8-mm port for the second arm 
was inserted 2 to 4 cm above an imaginary line intersect-
ing the middle of the camera port and the right subcostal 
port. This step granted easier access to the pancreatic head 
and duodenum and facilitated a proper angle for working 
with the ultrasonic shears. Next, a 12-mm assistant port was 
placed 1 to 2 cm below an imaginary line drawn from the 
insertion site of the first arm to the umbilical port. After 
completing the insertion of the trocars, the surgical cart was 
docked on the patient. The instrumentation and settings on 
the cart consisted of a 30-degree down endoscope: Maryland 
bipolar forceps in the first arm, ultrasonic shears in the sec-
ond arm, and Cadiere forceps in the third arm.

The surgery began with liver retraction utilizing a suture 
and a gauze pad as a “sling” as reported previously [14]. 
Thereafter, partial omentectomy was performed, about 4 cm 
away from the gastroepiploic arcade, toward the lower pole 
of the spleen. Continuing the dissection, the roots of the left 
gastroepiploic artery and vein were divided after the branch 
to the splenic lower pole to dissect the No.4sb LNs. Dis-
secting adhesions between the lower pole of the spleen and 
the omentum was performed in advance to prevent potential 
bleeding due to tearing of the splenic capsule. Next, after 
dividing the left gastroepiploic vessels, Cadiere forceps in 
the third robotic arm were used to grasp the soft tissues 
along the greater curvature of the fundus medio-cranially, 
tensing the gastrosplenic ligament. Upon doing so, the distal 
portions of the splenic artery and splenic hilum were well 
exposed. When performing dissection of the No.10 LNs, 
we did not mobilize the posterior attachment of the spleen 
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to facilitate spontaneous exposure of the spleen and splenic 
hilar area by gravitational countertraction of the spleen into 
the splenic fossa.

Continuing on, the soft tissues covering the splenic vas-
cular trunks were opened, and the distal splenic artery was 
skeletonized at the upper border of the pancreas (No.11d 
LNs). LNs bearing fatty tissue were then dissected along 
the splenic artery up to the branching point of the splenic 
lobar arteries which was used as the starting point for the 
splenic hilar lymphadenectomy which was performed in the 
order of the lower polar, hilar, and upper polar areas of the 
spleen (Fig. 1). First, lymphatic fatty tissues were dissected 
from the branching point toward the lower pole of the spleen 
along the inferior splenic lobar artery; the inferior splenic 
lobar artery should be exposed to the origin of the left gas-
troepiploic vessel.

Dissection of the middle hilar area from the branching 
point toward the splenic hilum was then continued. The 
area between the superior splenic lobar artery and the infe-
rior splenic lobar artery was dissected thoroughly. During 
the dissection, LNs bearing soft tissues at the surface of 
the terminal branches of the splenic vessels were gently 
lifted ventrally using Maryland bipolar forceps, while the 
ultrasonic shears were used to dissect the tissues around 
the terminal branches of the splenic vessels until skel-
etonized. When dissecting the lymphatic tissues behind 
the splenic vessels, Maryland bipolar forceps were first 
utilized to create proper angles in front of the Gerota’s 
fascia prior to dissecting with the ultrasonic shears. After 
partial mobilization, the lymphatic fatty tissues behind the 
splenic vessels were pulled upward, gently rotated from 
the dorsal side to the lateral side of the vessels, and then 
dissected. Sometimes, nerve fibers around the arteries 
could be gently grasped and retracted to rotate and expose 

the dorsal side of the vessels, or vessel loops were used. 
Also, the surgical plane anterior to the Gerota’s fascia was 
kept intact to prevent iatrogenic injury to retroperitoneal 
organs.

Next, restarting from the branching point, lymphatic 
fatty tissues were dissected toward the upper pole of the 
spleen along the superior splenic lobar artery using a 
similar technique as described above. During the dissec-
tion, the origins of the short gastric vessels were carefully 
exposed and divided at the root (No.4sa LNs dissection). 
Great care was taken when approaching the upper pole of 
the spleen since the last branch of the short gastric vessels 
in the upper pole is usually very short and easily injured. 
Therefore, before dividing this branch, countertraction of 
the stomach was performed by moving the Cadiere forceps 
to the right upper side of the abdominal cavity, toward 
the left lobe of the liver to tense and expose the branch 
adequately. The branch was then divided at the root. Thus, 
No.11d, No.10, and No.4sa LNs were removed en bloc.

The procedures for the dissection of other LNs and 
digestive tract reconstruction have been described in our 
previous publications [11, 12, 15]. After the operation, a 
standardized postoperative care protocol was applied [16].

Statistical analysis

The IBM SPSS statistics (Version 23 for Mac; IBM 
Corp., NY, USA) software package was used to conduct 
all statistical analyses. Continuous data were expressed as 
mean ± standard deviation. Patients were followed from 
the date of operation until September 30, 2015 or their 
death. Overall and recurrence-free survival curves were 
calculated by the Kaplan–Meier method.

Fig. 1   Schematic illustration 
of the strategy for perform-
ing robotic spleen-preserving 
splenic hilar lymph node dis-
section. Lymph nodes bearing 
fatty tissue were dissected along 
the splenic artery (SA) up to the 
branching point of the splenic 
lobar arteries. The branching 
point was used as the starting 
point for performing splenic 
hilar lymphadenectomy, which 
was performed in the lower 
polar ①, hilar ②, and upper 
polar ③ areas of the spleen
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Results

The present study included 45 males and 47 females, with 
a mean age of 51.9 ± 13.1 years and a mean body mass 
index of 22.8 ± 3.7 kg/m2. The patient characteristics are 
summarized in Table 1. During robotic spleen-preserving 
No.10 LNs dissection, there was one splenic artery injury 

during the dissection of No.11d, which forced us to per-
form a simultaneous splenectomy. All other cases were 
successfully performed by the robot. The overall mean 
operation time and console time were 287.2 ± 66.0 min 
and 180.2 ± 47.2 min, respectively, and the mean estimated 
blood loss was 141.1 ± 227.0 mL.

The mean postoperative hospital stay, time to first fla-
tus, and time to first liquid diet intake were 12.8 ± 30.2, 

Table 1   Clinicopathologic 
characteristics, operative, and 
survival results of the patients

a According to the 7th edition Cancer Staging, American Joint Committee on Cancer

Variables N = 92

Demographics
 Male/female 45 (48.9%)/47 (51.1%)
 Age (years) 51.9 ± 13.1
 Body mass index (kg/m2) 22.8 ± 3.7

Operative results
 Operative time (min) 287.2 ± 66.0
 Console time (min) 180.2 ± 47.2
 Blood loss (mL) 141.1 ± 227.0
 Intraoperative complications 1 (1.1%)
 Splenic artery injury 1 (1.1%)

Postoperative recovery
 Mortality 1 (1.1%)
 Complications 15 (16.3%)
 Pancreatic fistula 0
 Whole splenic infarction 0
 Delayed aneurysm of splenic artery 0
 Intraperitoneal bleeding 1 (1.1%)
 Intraluminal bleeding 3 (3.3%)
 Anastomotic leakage 5 (5.4%)
 Wound infection 3 (3.3%)
 Intraperitoneal abscesses 2 (2.2%)
 Subcutaneous emphysema 1 (1.1%)
 Postoperative hospital stay (days) 12.8 ± 30.2
 First flatus (days) 3.1 ± 0.8
 First liquid diet intake (days) 4.2 ± 5.1

Pathologic results
 No. of total retrieved lymph nodes 50.8 ± 18.1
 No. of retrieved splenic hilar lymph nodes 1.9 ± 2.6
 No. of retrieved No.11d lymph nodes 2.0 ± 2.0
 Patients with lymph nodes metastasis 30 (32.6%)
 Patients with splenic hilar lymph nodes metastasis 4 (4.3%)
 Patients with No.11d lymph nodes metastasis 2 (2.2%)
 Mean number of overall metastatic lymph nodes 6.8 ± 6.5
 Stagea I/II/III 52 (56.5%)/22 (23.9%)/18 (19.6%)

Survival
 Median survival time (Months) 53.5
 5-year overall survival rate 86.3%
 Median recurrence-free survival time (Months) 49.0
 5-year recurrence-free survival rate 87.4%
 Recurrence 8 (8.7%)
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3.1 ± 0.8, and 4.2 ± 5.1 days, respectively. The overall post-
operative morbidity rate was 16.3% (15/92), consisting of 
one intraperitoneal bleeding, three instances of intralumi-
nal bleeding, four occurrences of anastomotic leakage of 
the esophagojejunostomy, one anastomotic leakage of the 
esophagojejunostomy and pleural effusion, three wound 
infections, two intraperitoneal abscesses, and one subcuta-
neous emphysema. There were no instances of pancreatic 
fistula, whole splenic infarction, or delayed aneurysm of the 
splenic artery. Among the 92 patients, there was one mor-
tality (1.1%), which resulted from a massive small bowel 
infarction occurred by accidental superior mesenteric artery 
thrombosis during the angiographic intervention to control 
bleeding at an esophagojejunal anastomosis site.

A mean of 50.8 ± 18.1 LNs was retrieved for all patients. 
The mean number of retrieved No.10 and No.11d LNs were 
1.9 ± 2.6 and 2.0 ± 2.0. LN metastases were noted in 30 
patients (32.6%): four patients (4.3%) exhibited No.10 LNs 
metastasis and two patients (2.2%) had No.11d LNs metas-
tasis. The mean number of overall metastatic LNs among 
patients with LN metastasis was 6.8 ± 6.5.

Over a median follow-up period of 53.8  months, 12 
patients (13.0%) died. The 5-year overall survival rate was 
86.3% (Fig. 2A). The median survival time was 53.5 months. 
There were eight recurrences in the breast (n = 2), splenic 
hilum (n = 1), ovary (n = 2), peritoneum (n = 2), and bone 
(n = 1). The splenic hilar recurrence was treated by curative 
splenectomy. The 5-year recurrence-free survival rate was 
87.4% (Fig. 2B). The median recurrence-free survival time 
was 49.0 months.

Discussion

In the present study, we demonstrated acceptable early 
postoperative outcomes and satisfactory long-term results 
of robotic spleen-preserving No.10 LNs dissection in 
patients with proximal gastric cancer. The rates of intra-
operative robotic procedure-related complications, and 
postoperative mortality and morbidity were comparable 
to those of open or laparoscopic surgery reported in previ-
ous studies [9–11, 17, 18]. Moreover, long-term survival 
and recurrence after the robotic procedure were similar to 
those reported in the literature for open or laparoscopic D2 
LN dissection [11, 17, 18].

Since preoperative staging modalities are not accu-
rate enough to predict metastasis to the No.10 LNs and 
therefore allow dissection of the nodes to be omitted [9], 
No.10 LNs dissection remains essential. If splenic hilar 
lymphadenectomy were not performed, the possibility of 
residual disease at the No.10 LNs would increase. Studies 
have reported a high frequency of No.10 LNs metastases, 
up to 26% in advanced proximal tumors [19]. Indeed, D2 
lymphadenectomy has been found to improve the survival 
of patients with positive No.10 LNs [20–22]. Patients 
undergoing total gastrectomy with standard D2 lymphad-
enectomy for advanced tumors exhibited higher 5-year 
survival rates than patients treated with D2 minus No.10 
LNs dissection [17]. Accordingly, splenic hilar lymphad-
enectomy is necessary for curative total gastrectomy for 
gastric cancer, especially for advanced tumors.

Fig. 2   Survival curves for patients undergoing robotic spleen-preserving total gastrectomy with D2 lymph node dissection. A Overall survival. B 
Recurrence-free survival
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Nevertheless, complete LN dissection at the splenic 
hilum without splenectomy is regarded as a technical chal-
lenge, especially during minimally invasive surgery. There-
fore, only a few studies have described the procedure via a 
minimally invasive approach. Compared to open or lapa-
roscopic surgery, the robotic procedure allows the surgeon 
to approach the deep and narrow splenic hilar area easily, 
without requiring the mobilization of the spleen. In laparo-
scopic surgery, surgeons face difficulties with retrieving LNs 
bearing tissue at the dorsal part of the pancreas and behind 
the splenic vessels with unwristed laparoscopic instruments. 
In contrast, features such as three-dimensional visualization, 
tremor filtration, scaled movement, and wrist articulation 
during robotic surgery enable precise LN dissection within 
a restricted space surrounded by intricate vascular anatomy. 
These advantageous features not only help minimize injury 
to the parenchyma of the pancreas, spleen, and splenic ves-
sels, but they also facilitate a more stable and complete 
dissection [11–13]. Although the mean operation time of 
robotic total gastrectomy was longer than that of laparo-
scopic total gastrectomy, the incidence of overall complica-
tions (11.9%–18.8% vs. 10.3%–24.5%) and estimated blood 
loss (50-163 ml vs. 60–210.7 ml) following the robotic pro-
cedure were similar or less than the laparoscopic procedure 
[11, 23, 24]. Furthermore, we found that robotic procedure 
could harvest more LNs along the splenic artery (2.3 vs. 
1.0, P = 0.013), as well as the sum of LNs at the splenic 
hilum and artery (3.6 vs. 1.9, P = 0.014), compared with 
the laparoscopic procedure in our previous study [11]. And 
in the present study, the mean number of retrieved splenic 
hilar and No.11d LNs were 1.9 and 2.0, respectively, which 
were comparable with our previous study. Additionally, 
robotic gastrectomy exhibits a shorter learning curve than 
that for laparoscopic gastrectomy [23]. Thus, we suggest that 
robotic splenic hilar lymphadenectomy may be a preferable 
approach to open or laparoscopic surgery.

Surgeons may find our method helpful using the following 
technical tips: First, preoperative assessment of the splenic 
vascular anatomy via three-dimensional reconstructed 
images of computed tomography scans might be useful for 
a safe dissection [9]. Second, we utilize Cadiere forceps to 
provide sufficient and steady countertraction and Maryland 
bipolar forceps to create proper angles during dissection of 
soft tissues at the splenic hilum, especially for tissue located 
behind the vessels. Third, if the routes of the splenic ves-
sels are tortuous and embedded behind the parenchyma of 
the pancreas, it may be necessary to compress and retract 
the pancreas using a laparoscopic instrument padded with 
gauze for better exposure. Sometimes vessel loops can also 
be useful to provide better exposure. Fourth, if a good angle 
cannot be achieved to dissect the splenic hilar area with non-
endo-wristed ultrasonic shears, use of other endo-wristed 
devices (e.g., Hook or monopolar scissors) may be helpful. 

Finally, care should be given to preserving the branches of 
the splenic vessels during dissection; however, a few tiny 
branches of the splenic vessels can be safely sacrificed.

It is difficult to deal with the bleeding in case of vascular 
injury of the splenic hilum. To deal with bleeding by vascu-
lar injury of the splenic hilum, various surgical techniques 
are required. With the help of various technical advantages, 
such as three-dimensional imaging, motion scaling, tremor 
filtering, coaxial alignment, and articulating wristed instru-
ments, robotic procedure allows the surgeon to approach the 
deep and narrow splenic hilar area easily without requiring 
mobilization of the spleen, and facilitates manipulation of 
robotic instruments within a restricted space surrounded by 
intricate vascular anatomy. These advantageous features not 
only help minimize injury to the splenic vessels, but also 
facilitate relatively easier hemostasis when intraoperative 
bleeding occurs due to the vascular injury of the splenic 
hilum.

This study has a few limitations that warrant considera-
tion: First, almost half of the included patients were postop-
eratively diagnosed as having early cancer, which somewhat 
compromises the generalizability of our results to advanced 
cancer. Second, robotic surgery has been reported to be 
more expensive than laparoscopic and open approaches [24]. 
Despite these limitations, the purpose of this study was to 
describe robotic spleen-preserving No.10 LNs dissection in 
detail and to report data that suggest the safety and feasibil-
ity of robotic No.10 LNs dissection. Although this study was 
only a single-arm analysis, we presented our results com-
paring robotic and laparoscopic spleen-preserving splenic 
hilar lymphadenectomy in a previous publication [11]. To 
our knowledge, this is the first study to describe a detailed 
procedure for performing robotic spleen-preserving splenic 
hilar lymphadenectomy during total gastrectomy for gastric 
cancer.

Our initial results suggest that the procedure is feasible 
and safe, facilitating spleen-preserving No.10 lymphadenec-
tomy for advanced and complicated gastric cancer surgery.
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