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Abstract
BACKGROUND
Robotic surgery has been considered to be significantly better than laparoscopic
surgery for complicated procedures.

AIM
To explore the short-term effect of robotic and laparoscopic spleen-preserving
splenic hilar lymphadenectomy (SPSHL) for advanced gastric cancer (GC) by
Huang’s three-step maneuver.

METHODS
A total of 643 patients who underwent SPSHL were recruited from April 2012 to
July 2017, including 35 patients who underwent robotic SPSHL (RSPSHL) and
608 who underwent laparoscopic SPSHL (LSPSHL). One-to-four propensity score
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matching was used to analyze the differences in clinical data between patients
who underwent robotic SPSHL and those who underwent laparoscopic SPSHL.

RESULTS
In all, 175 patients were matched, including 35 patients who underwent RSPSHL
and 140 who underwent LSPSHL. After matching, there were no significant
differences detected in the baseline characteristics between the two groups.
Significant differences in total operative time, estimated blood loss (EBL), splenic
hilar blood loss (SHBL), splenic hilar dissection time (SHDT), and splenic trunk
dissection time were evident between these groups (P < 0.05). Furthermore, no
significant differences were observed between the two groups in the overall
noncompliance rate of lymph node (LN) dissection (62.9% vs 60%, P = 0.757),
number of retrieved No. 10 LNs (3.1 ± 1.4 vs 3.3 ± 2.5, P = 0.650), total number of
examined LNs (37.8 ± 13.1 vs 40.6 ± 13.6, P = 0.274), and postoperative
complications (14.3% vs 17.9%, P = 0.616). A stratified analysis that divided the
patients receiving RSPSHL into an early group (EG) and a late group (LG)
revealed that the LG experienced obvious improvements in SHDT and length of
stay compared with the EG (P < 0.05). Logistic regression showed that robotic
surgery was a significantly protective factor against both SHBL and SHDT (P <
0.05).

CONCLUSION
RSPSHL is safe and feasible, especially after overcoming the early learning curve,
as this procedure results in a radical curative effect equivalent to that of LSPSHL.

Key words: Advanced gastric cancer; Robotic surgery; Laparoscopic surgery; Dissection
of splenic hilar lymph node; Propensity score matching; Huang’s three-step maneuver

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The safety and oncologic efficacy of spleen-preserving splenic hilar
lymphadenectomy (SPSHL) are being evaluated, but the data are limited, especially for
robotic surgery. What’s more, few previous studies have compared robotic SPSHL
(RSPSHL) with laparoscopic SPSHL (LSPSHL) for gastric cancer. Huang’s three-step
maneuver constitutes a set of effective surgical procedures for the SPSHL, which was
proposed previously by our department. Thus, we offer a single-institution investigation
on the comparative safety, feasibility, and oncologic efficacy of robotic vs laparoscopic
SPSHL. It is worth noting that this is the first study that compared RSPSHL and
LSPSHL using Huang’s three-step maneuver for advanced gastric cancer.

Citation: Wang JB, Liu ZY, Chen QY, Zhong Q, Xie JW, Lin JX, Lu J, Cao LL, Lin M, Tu
RH, Huang ZN, Lin JL, Zheng HL, Que SJ, Zheng CH, Huang CM, Li P. Short-term efficacy
of robotic and laparoscopic spleen-preserving splenic hilar lymphadenectomy via Huang's
three-step maneuver for advanced upper gastric cancer: Results from a propensity score-
matched study. World J Gastroenterol 2019; 25(37): 5641-5654
URL: https://www.wjgnet.com/1007-9327/full/v25/i37/5641.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i37.5641

INTRODUCTION
Since  1991,  when Kitano[1]  first  reported  the  application  of  laparoscopic  radical
gastrectomy in early gastric cancer (GC), minimally invasive surgery has increasingly
been  used  to  treat  GC.  In  subsequent  years,  many  scholars  have  consistently
confirmed that laparoscopic gastrectomy is a viable option for the treatment of GC.
For  D2 lymph node (LN)  dissection in  patients  with  advanced upper  GC,  some
surgeons with extensive experience in  laparoscopic  surgery recommend spleen-
preserving splenic hilar lymphadenectomy (SPSHL), which is the most challenging
part of surgery for GC[2-4].

For  successful  surgical  intervention  in  the  splenic  hilar  area,  our  department
proposed  Huang's  three-step  maneuver  in  2012.  Huang's  three-step  maneuver
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divided this complicated surgical procedure into the dissection of LNs in the inferior
pole region of the spleen (first step), the dissection of LNs in the region of the splenic
artery trunk (second step), and the dissection of LNs in the superior pole region of the
spleen (third step). Huang’s three-step maneuver constitutes a set of effective surgical
procedures for SPSHL. Compared with traditional surgical methods, Huang’s three-
step maneuver has better short-term surgical outcomes[5-7]. However, the splenic hilar
region has a complicated and variable anatomy. Due to the characteristics of the
splenic hilar region of interest, surgeons, especially novices, often find it difficult to
maneuver in the narrow space during surgery, and thus the broad application of this
procedure is limited.

Since 2003, when robotic distal gastrectomy was first reported[8],  its safety and
feasibility have been repeatedly confirmed. Due to its flexibility, the extensive range
of  motion beyond the human body,  and the clear  field of  vision compared with
traditional laparoscopy, robotic surgery has been considered in some preliminary
studies  to  be  significantly  better  than  laparoscopic  surgery  for  complicated
procedures[8,9].  However,  the  safety  and  efficacy  of  robotic  SPSHL (RSPSHL)  in
patients with advanced upper GC have rarely been reported. Therefore, this study
aimed to retrospectively analyze the clinical and pathological data of patients with
advanced upper GC in our department to compare the short-term effects of RSPSHL
and laparoscopic SPSHL (LSPSHL) using propensity score matching.

MATERIALS AND METHODS

Patients
From April 2012 to July 2017, we retrospectively analyzed the clinicopathological data
of 643 patients who underwent SPSHL for GC at the Department of Gastric Surgery of
Fujian Medical University Union Hospital. These patients were all treated by the same
group of surgeons. The exclusion criteria (Supplemental Figure 1) were as follows: (1)
Non-total gastrectomy; (2) Non-D2 radical surgery; (3) Non-No. 10 LN dissection; (4)
American Society of Anesthesiologists (ASA) class IV; (5) cT1 or cT4b; (6) cTNM stage
IV; and (7) incomplete data. Age, sex, body mass index (BMI), ASA class, cT, and cN
were used as the matching factors. The two groups were matched by one-to-four
propensity score matching. Finally, 175 patients were enrolled, including 35 who
underwent RSPSHL and 140 who underwent LSPSHL. This retrospective study was
approved by the Ethics Committee of Fujian Medical University Union Hospital. All
patients signed informed consent forms before surgery. The clinical procedure in our
department is described below. First,  nasal feeding is performed through a nasal
jejunal tube. If no abnormal conditions are present, an oral fluid and soft diet are
provided in a stepwise manner. The drain tube is then removed based on the patient’s
condition.

Methods
All  patients  underwent  routine  preoperative  examinations,  including  upper
gastrointestinal endoscopy and upper gastrointestinal imaging, to assess the tumor
location. In addition to chest radiography, total abdominal computed tomography
(CT), abdominal ultrasonography, positron emission tomography (PET)-CT, and bone
scans were performed as needed to assess the preoperative clinical stage. Patients
with upper GC, defined as a tumor located in the upper or middle region of the
stomach,  cardia,  or  gastroesophageal  junction,  received  confirmation  of  the
preoperative diagnosis of tumor invasion into or beyond the muscle layers. These
patients  were eligible  for  spleen-preserving total  gastrectomy.  The extent  of  LN
dissection was based on the Japanese Gastric Cancer Treatment Guidelines in 2010[10].
Preoperative comorbidity was assessed using the Charlson score. pTNM staging was
performed using the 2010 edition of the 7th  edition of the Union for International
Cancer Control (UICC) staging system. All robotic gastrectomies were performed
with the Da Vinci surgical system. Each patient was given detailed information about
the instruments, sizes of the incisions, oncological risks, and the cost of the operation
for both the robotic and laparoscopic approaches. The decision to receive laparoscopic
vs robotic treatment was made by the patient after an informed discussion about both
approaches because of the additional expenses for robotic surgery[11]. A portion of the
fee for laparoscopic surgery was covered by medical insurance, but the extra charges
associated with robotic surgery were not included in the medical insurance coverage.

Procedure
Operative procedures considered Huang’s three-step maneuver were the same as
previously described[5-7,12,13] and included the following three steps: the dissection of
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the LNs in the inferior pole region of the spleen; the dissection of the LNs in the
region of the trunk of the splenic artery (SpA); and the dissection of the LNs in the
superior pole region of the spleen. The first step begins with the separation of the
gastrosplenic ligament using an ultrasonic scalpel and ends with the dissection of the
lymphatic tissue along the vessels distally up to the splenic hilar region. The second
step involves using the ultrasonic scalpel to denude the trunk of the SpA along the
latent anatomic space on its surface toward the splenic hilar area until the fork of the
splenic lobar arteries is reached. The third step begins with the dissection of the fork
of the splenic lobar arteries and ends with the division of the last short gastric vessel
(SGV). This procedure was used in both RSPSHLs and LSPSHLs. Furthermore, the
method of RSPSHL was similar to that of LSPSHL. A previous report[12] provided the
details of the laparoscopic procedure. Each step starts with the initial transection of
the tissues and ends with dividing the tissues in the subsequent step of the maneuver
using an ultrasonic scalpel.  The photographs show the relevant steps of RSPSHL
(Supplemental Figure 2A and B).

Definitions
The total operative time consisted of the docking time and operation time (OR time)
during robotic surgery. OR time was defined as the time between the trocar insertion
and the closure of the abdomen, but the extra time required to incorporate the robotic
system was not included. Estimated blood loss (EBL) was determined by calculating
the amount of gauze and the amount of blood in the aspirator. Splenic hilar dissection
time (SHDT) began when the gastrosplenic ligament was cut and ended when the last
SGV was divided. Splenic hilar blood loss (SHBL) during the SHDT was determined
by calculating the amount of gauze used and the amount of blood in the aspirator.
The  amount  of  extra  fluid  pooled  around  the  spleen  after  Huang’s  three-step
maneuver was completed was not included in the SHBL calculation. Two types of
SpA  were  found,  namely,  the  concentrated  type  and  the  distributed  type.  The
concentrated type was present when the SpA divides into its terminal branches less
than 2 cm from the splenic hilum. If the distance is equal to or greater than 2 cm, the
artery was considered the distributed type. Vascular injury was defined as bleeding
caused by intraoperative vascular injury that required a titanium clip for clamping or
electrocoagulation[6,14]. Each individual case parameter was evaluated routinely after
surgery as soon as possible. Noncompliance was defined as patients with more than
one empty LN station, as described in the protocol of D2 LN dissection from the
Japanese  GC  Association [10 ].  Complications  were  graded  according  to  the
Clavien–Dindo classification. According to the references[15,16],  the patients in the
robotic cohort were divided into an "early group" (EG) if surgery occurred before
January 2017 (n = 20) and a "late group" (LG) if surgery occurred after January 2017 (n
= 15).

Statistical analysis
Propensity score matching was performed using R software (3.4.2,  the statistical
packages MatchIt and Foreign, http://www.r-project.org). All data were statistically
analyzed using the SPSS 20.0 (SPSS Inc.  Chicago,  IL,  United States).  Continuous
variables  were analyzed using the Student's  t-test  or  Mann-Whitney U  test,  and
categorical variables were analyzed using the χ2 test or Fisher's exact test. The SHDT
and the times for the first, second, and third steps of the maneuver were analyzed by
binary class comparison using the medians as the cut-off values. Logistic regression
analysis was performed to evaluate the effects of robotic surgery on the intraoperative
and postoperative parameters. Two-sided P < 0.05 indicated a significant difference.

RESULTS

Clinical and pathological data of the two groups before and after matching
Before matching, significant differences in ASA, cT, and pTNM were evident between
the two groups of patients (P < 0.05). The clinical data of the patients in the RSPSHL
(n = 35) and LSPSHL (n = 140) groups were similar when matched for age, sex, BMI,
ASA, cT, and cN (P > 0.05) (Table 1).

Operative outcomes after matching
No conversion to open surgery occurred in the LSPSHL group, and no conversion to
open or laparoscopic surgery occurred in the RSPSHL group. After matching, the total
OR time was significantly longer in the RSPSHL group than in the LSPSHL group,
while the EBL, SHDT, SHBL, and time for the second step were lower in the RSPSHL
group than in the LSPSHL group (P < 0.05). The two groups were similar in terms of
OR time, first step time, third step time, splenic injury, vascular injury, and anatomy
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Table 1  General clinical and pathological data of patients

Variable

All patients Propensity score matching

RSPSHL LSPSHL
P-value

RSPSHL LSPSHL
P-value

(n = 35) % (n = 608) % (n = 35) % (n = 140) %

Age, yr1 55.3 ± 10.4 56.9 ± 10.6 0.424 55.3 ± 10.4 55.1 ± 11.5 0.925

Sex 0.345 0.615

Female 6 17.1 156 25.7 6 17.1 17 12.1

Male 29 82.9 452 74.3 29 82.9 123 87.9

BMI, kg/m2[1] 23.0 ± 2.7 22.2 ± 3.0 0.152 23.0 ± 2.7 23.1 ± 3.0 0.858

ASA score 0.014 0.944

I 4 11.4 186 30.6 4 11.4 19 13.6

II 28 80.0 401 65.9 28 80.0 109 77.8

III 3 8.6 21 3.5 3 8.6 12 8.6

cT classification 0.037 0.211

T2 10 28.6 100 16.4 10 28.6 22 15.7

T3 15 42.9 207 34.1 15 42.9 69 49.3

T4a 10 28.6 301 49.5 10 28.6 49 35.0

cN classification 0.483 0.541

N0 13 37.1 212 34.8 13 37.1 57 40.7

N1 14 40.0 187 30.6 14 40.0 39 27.9

N2 4 11.4 122 20.0 4 11.4 21 15.0

N3 4 11.4 89 14.6 4 11.4 23 16.4

cTNM stage 0.094 0.137

IB 2 5.7 55 9.0 2 5.7 13 9.3

IIA 7 20.0 106 17.4 7 20.0 18 12.9

IIB 13 37.1 104 17.1 13 37.1 31 22.1

IIIA 7 20.0 137 22.5 7 20.0 22 15.7

IIIB 3 8.6 109 17.9 3 8.6 29 20.7

IIIC 3 8.6 97 16.0 3 8.6 27 19.3

Depth of invasion 0.201 0.617

pT1a 5 14.3 31 5.1 5 14.3 10 7.1

pT1b 4 11.4 52 8.6 4 11.4 24 17.1

pT2 2 5.7 55 9 2 5.7 10 7.1

pT3 16 45.7 283 46.5 16 45.7 57 40.7

pT4a 8 22.9 187 30.8 8 22.9 39 27.9

Metastatic LNs 0.308 0.649

N0 16 45.7 194 31.9 16 45.7 54 38.6

N1 6 17.1 174 28.7 6 17.1 20 14.3

N2 6 17.1 120 19.7 6 17.1 23 16.4

N3 7 20.0 120 19.7 7 20.0 43 30.7

pTNM stage 0.038 0.102

IA 7 20.0 44 7.2 7 20.0 29 20.7

IB 3 8.6 45 7.4 3 8.6 8 5.7

IIA 6 17.1 91 15.0 6 17.1 23 16.4

IIB 6 17.1 93 15.3 6 17.1 16 11.4

IIIA 6 17.1 122 20.1 6 17.1 8 5.7

IIIB 2 5.7 149 24.5 2 5.7 31 22.1

IIIC 5 14.3 64 10.5 5 14.3 25 17.9

Charlson score 0.467 0.132

0 25 71.5 439 72.2 25 71.5 90 64.3

1 6 17.1 129 21.2 6 17.1 43 30.7

≥2 4 11.4 40 6.6 4 11.4 7 5.0

Primary site 0.458 0.335
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Upper 21 60.0 402 66.1 21 60.0 96 68.6

Middle 14 40.0 206 33.9 14 40.0 44 31.4

1Values are expressed as the mean ± SD. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic spleen-preserving
splenic hilar lymphadenectomy; BMI: Body mass index; ASA: American Society of Anesthesiologists; LN: Lymph node.

(e.g., SGVs, the PGA, and the terminal branches of the SpA) (P > 0.05). The No. 10 LN
metastasis rate was 10.9% (19/175), and the rates were similar between the RSPSHL
(11.4%, 4/35) and LSPSHL (10.7%, 15/140) groups (P = 0.855) (Table 2). The overall
noncompliance  rates  for  patients  undergoing RSPSHL and LSPSHL were  62.9%
(22/35) and 60% (84/140), respectively (P = 0.757). Subgroup analysis by clinical stage
or BMI revealed no significant differences in the noncompliance rates of LN dissection
between the two groups (P > 0.05) (Table 3).

Short-term outcomes and postoperative complications
Significant differences were evident in the times to liquid diet intake and nasojejunal
tube removal, which were shorter in the RSPSHL group than in the LSPSHL group (P
< 0.05). However, the times to ambulation, flatus passage, soft diet intake, and drain
removal, and the length of stay (LOS) were similar between the groups (P  > 0.05)
(Table  4).  No  significant  differences  were  evident  in  the  overall  postoperative
complications or in grades I-II  and III-IV complications between the two groups.
Surgical complications (including intraperitoneal hemorrhage and infection) in both
groups  were  resolved  with  conservative  treatments.  No  deaths  occurred  in  the
hospital or within 30 d after surgery.

Impact of number of surgical cases on short-term operative outcomes
The SHDT, first step time, second step time, and LOS were longer in the EG than in
the LG (P  < 0.05). However, the OR time, EBL, third step time, SHBL, number of
retrieved No. 10 LNs, total number of retrieved LNs, and postoperative complications
were similar between the groups (P > 0.05) (Supplemental Table 1).

Comparison of difference between the first and second steps among patients
Table 5 shows that the first step time was longer than the second step time for both
RSHPSH (8.4 ± 3.5 vs 6.7 ± 2.6, P = 0.024) and EG (10.0 ± 3.4 vs 7.5 ± 2.6, P = 0.013). In
the LG, the first step time was similar to the second step time (6.3 ± 2.3 vs 5.8 ± 2.2, P =
0.548).

Cost difference
As Figure 1 shows, cost analyses of the inpatient cases revealed that RSPSHL had a
higher mean total cost than LSPSHL before matching ($14727.9 vs $11026.2, P < 0.001)
and after matching ($15445.2 vs  $10397.2, P  < 0.001). However, no difference was
observed in the mean total cost between the EG and LG ($15445.2 vs $13771.6, P =
0.102).

Sensitivity analysis of robotic surgery
The unadjusted logistic analysis showed that robotic surgery was a positive factor
affecting shorter SHDT and second step time and less SHBL. When robotic surgery
was adjusted for age, sex, BMI, ASA, cT and cN stages, and several anatomical factors,
such  as  the  PGA,  SGVs,  splenic  upper  or  lower  pole  arteries,  and  the  terminal
branches of the SpA, we found that the effects of robotic surgery were protective
factors  resulting  in  a  shorter  SHDT  and  less  SHBL,  both  before  and  after  the
adjustments (P < 0.05) (Figure 2A and B).

DISCUSSION
In 2008, Hyung et al[17] first reported LSPSHL and confirmed that laparoscopic spleen-
preserving  surgery  is  safe  and  feasible[5,18-22].  However,  traditional  laparoscopic
surgery is still associated with multiple shortcomings, including a restricted range of
motion, amplified physiologic tremors, two-dimensional visualization, and inflexible
instruments. These shortcomings have deterred novice surgeons from performing
complicated operations, such as LSPSHL[23]. Due to its high stability and precision, the
robotic system can overcome the technical limitations of conventional laparoscopic
surgery and therefore has great potential for use in complicated surgeries[8,24].

The initial purpose of robotic or laparoscopic surgery was adherence to minimally
invasive principles. For postoperative outcomes, a meta-analysis[25] performed in 2012
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Table 2  Operative outcomes after propensity score matching

Variable RSPSHL (n = 35) % LSPSHL (n = 140) % P-value

Total operative time, min1 221.3 ± 40.3 189.1 ± 43.8 <0.001

Docking time, min2 30 (26-34) -

OR time, min1 186.0 ± 35.3 189.1 ± 43.8 0.698

EBL, mL1 13.7 ± 4.3 62.4 ± 29.3 <0.001

SHDT, min1 20.4 ± 4.5 24.1 ± 8.9 0.018

First step, min1 8.4 ± 3.5 8.7 ± 4.0 0.685

Second step, min1 6.7 ± 2.6 9.8 ± 5.6 0.002

Third step, min1 5.2 ± 2.1 5.6 ± 3.0 0.458

SHBL, mL1 2.2 ± 1.9 10.0 ± 4.5 <0.001

No. of SGVs1 3.5 ± 1.2 3.6 ± 1.1 0.637

No. of PGAs (yes) 22 62.9 81 57.9 0.591

No. of SUPAs (yes) 4 11.4 20 14.3 0.870

No. of SLPAs (yes) 1 2.9 7 5 0.928

Terminal branches of SpA 0.754

Concentrated type 23 65.7 88 62.9

Distributed type 12 34.3 52 37.1

Splenic injury 3 8.6 19 13.6 0.608

Vascular injury 7 20 17 12.1 0.350

No.10 metastatic LN 4 11.4 15 10.7 0.855

No.10 retrieved LN1 3.1 ± 1.4 3.3 ± 2.5 0.650

Total retrieved LNs1 37.8 ± 13.1 40.6 ± 13.6 0.274

1Values are the mean ± SD.
2Values are medians (IQR). Operative total time = Docking time + operation time. RSPSHL: Robotic spleen-
preserving  splenic  hilar  lymphadenectomy;  LSPSHL:  Laparoscopic  spleen-preserving  splenic  hilar
lymphadenectomy; OR time: Operation time; EBL: Estimated blood loss; SHDT: Splenic hilar dissection time;
SHBL: Splenic hilar blood loss; SGV: Short gastric vessel; PGA: Post-gastric artery; SUPA: Splenic upper pole
artery; SLPA: Splenic lower pole artery; SpA: Splenic artery.

of  robotic  versus laparoscopic  gastrectomy for  GC showed no differences in the
incidence of postoperative complications or the LOS between robotic and laparoscopic
surgery. However, robotic surgery and laparoscopy could both reduce the risk of
postoperative  complications  and  shorten  patients’  LOS  compared  with  open
surgery[24,26]. Our study also found that RSPSHL is safe. RSPSHL has a postoperative
recovery similar to that of LSPSHL, and the related intraoperative and postoperative
occurrences of complications were not increased compared with LSPSHL. In the field
of  GC  treatment,  the  Da  Vinci  surgical  system  is  expected  to  overcome  the
disadvantages  of  traditional  laparoscopic  gastrectomy.  Most  surgeons  who
recommend laparoscopic gastrectomy have confirmed that robotic gastrectomy (RG)
is safe and feasible[27-29]. In 2015, Suda et al[27] demonstrated that the morbidity (overall
complication)  rate  of  RG  was  approximately  one-fifth  that  of  laparoscopic
gastrectomy and that the incidence of postoperative pancreatic fistula was reduced by
RG. RG showed significantly better short-term postoperative outcomes. Moreover, a
multi-institutional prospective single-arm study conducted in Japan in 2018 also
confirmed that the morbidity rate (Clavien–Dindo grade ≥ IIIa) within 30 d after
surgery was significantly lower in the RG group than in the laparoscopic gastrectomy
group (RG vs laparoscopic gastrectomy = 2.45% vs 6.4%, P = 0.0018)[30]. Through a cost
analysis, we determined that the average total cost of robotic surgery was higher than
that of laparoscopic surgery. The results are consistent with those reported by Keller
et  al[31].  Despite  the  high  economic  burden  of  robotic  surgery[32,33],  these  results
suggested that RG would likely exhibit improved cost-effectiveness if the surgical cost
per  procedure  was  reduced  to  approximately  the  same  amount  as  that  for
laparoscopic gastrectomy[30]. Consequently, we believe that the application of RG will
increase with the decreasing of cost of robotic systems and the government's policy
regarding gradual expansion of the range of the medical insurance system.

RSPSHL resulted in a shorter SHDT and less SHBL than LSPSHL. Logistic analysis
showed that robotic surgery was a protective factor for a shorter SHDT and less
SHBL. We believe that the microscopic images from the robotic system are more vivid
and allow easier identification of the spatial relationship between the tissue of the
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Table 3  Noncompliance rate of nodal dissection between robotic spleen-preserving splenic hilar
lymphadenectomy and laparoscopic spleen-preserving splenic hilar lymphadenectomy

Variable
RSPSHL LSPSHL

P-value
Compliant Noncompliant Compliant Noncompli-

ant

cT classification

cT2 3 7 6 16 0.791

cT3 6 9 31 39 0.761

cT4 4 6 19 29 0.741

cN classification

cN0 4 9 22 36 0.868

cN1 6 8 15 23 0.825

cN2 2 2 11 10 0.647

cN3 1 3 8 15 0.848

cTNM stage

I 1 1 5 8 1.000

II 9 16 18 31 0.950

III 3 5 33 45 0.909

BMI, kg/m2

< 25 11 14 38 68 0.449

≥ 25 2 8 18 16 0.139

Total 13 22 56 84 0.757

RSPSHL:  Robotic  spleen-preserving  splenic  hilar  lymphadenectomy;  LSPSHL:  Laparoscopic  spleen-
preserving splenic hilar lymphadenectomy; BMI: Body mass index.

splenic  hilar  region and the operating instruments than the laparoscopic view[2].
Successful performance of this maneuver in laparoscopy requires close cooperation
among the surgeon, assistant, and camera operator. However, if the assistant cannot
generate good coordinates while pulling the spleen, intraoperative complications such
as splenic envelope laceration can easily occur. Huang’s three-step robotic maneuver
uses a multi-arm robotic system with which the surgeon can complete the main pull
alone and greatly minimize pulling by the assistant compared with that needed for
traditional laparoscopic surgery. Additionally, the mechanical arm can more stably
and reliably pull the adipose connective tissue. Both the surgeon and the assistant can
avoid errors based on the advantages of this system. The advantages of this system,
including the high flexibility of the operative instruments and the elimination of
natural hand trembling, result in less intraoperative damage. The stratified analysis
showed that with an increasing number of surgical cases and techniques, the LG
exhibited significant improvements in SHDT and length of stay compared with the
EG. Notably,  although shorter  SHDT and less  SHBL were significantly different
between robotic surgery and laparoscopic surgery, it seems that the difference does
not exist in the clinical setting.

We believe that Huang's three-step maneuver using the robotic system can help
surgeons maintain fluent surgical thinking and body-motor memory, thus improving
the response speed of novice surgeons. Even as a novice, the operator can operate
freely. The three-step maneuver can reduce the impact of the complex anatomy of the
splenic hilar area on the performance of the surgeon. The literature[16,34,35] indicates that
the robotic surgery learning curve is shorter than that for laparoscopic surgery. We
also propose that learning robotic surgery will be substantially easier for surgeons
who already have some basic experience with laparoscopic surgery. A learning curve
for Huang’s three-step robotic maneuver also exists,  and patients'  intraoperative
outcomes will significantly improve if surgeons complete this learning curve.

With the application of robotic surgery for GC, minimally invasive advantages
have gradually been acknowledged. However, a primary concern of most scholars is
whether  RSPSHL  can  achieve  equal  or  better  perioperative  and  postoperative
outcomes than laparoscopic or open surgery. The number of retrieved LNs is an
important factor in evaluating the efficacy of surgical techniques. After retrospectively
analyzing 36 robotic procedures and 65 laparoscopic procedures, Yoon et al[36] found
that the total number of retrieved LNs in robotic total gastrectomy (39.4 ± 13.4 vs 42.8
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Table 4  Short-term operative outcomes and postoperative complications according to the
Clavien–Dindo classification

Variable RSPSHL (n = 35) % LSPSHL (n = 140) % P-value

Time to ambulation, d1 2.4 ± 0.9 2.1 ± 1.0 0.107

Flatus passage, d1 3.2 ± 0.9 3.5 ± 1.3 0.199

Liquid diet, d1 4.8 ± 1.1 5.4 ± 1.7 0.049

Soft diet, d1 7.0 ± 2.4 7.5 ± 1.5 0.125

Drain removal, d1 9.2 ± 2.1 9.6 ± 2.0 0.296

Nasojejunal tube removal, d1 3.9 ± 1.6 4.8 ± 2.5 0.044

LOS, d1 14.7 ± 13.4 14.4 ± 11.5 0.894

Overall complications 5 14.3 25 17.9 0.616

Grade I–II 3 8.6 17 12.1 0.632

Anastomotic fistula 2 5.7 3 2.1

Digestive hemorrhage - 1 0.7

Lymphatic fistula - 6 4.3

Intestinal obstruction - 1 0.7

Intraperitoneal infection 1 2.9 4 2.9

Wound infection - 1 0.7

Fat liquefaction - 1 0.7

Grade III-IV 2 5.7 8 5.7 1

Anastomotic fistula - 1 0.7

Digestive hemorrhage 1 2.9 3 2.1

Lymphatic fistula - 2 1.4

Intestinal obstruction - 1 0.7

Intraperitoneal infection 1 2.9 1 0.7

30-day mortality 0 0

In-hospital mortality 0 0

1Values are the mean ± SD. The most severe complication was noted in the cases in which more than one
complication occurred in a patient. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy;
LSPSHL: Laparoscopic spleen-preserving splenic hilar lymphadenectomy; LOS: Length of stay.

± 12.7) was similar to that in laparoscopic total gastrectomy (P = 0.209). Obama et al[37]

retrospectively analyzed 313 robotic procedures and 524 laparoscopic procedures and
found similar outcomes regarding the total number of retrieved LNs between robotic
and laparoscopic surgery. In our study, no significant differences between RSPSHL
and LSPSHL were observed regarding the total  number of  retrieved LNs or  the
number of retrieved No. 10 LNs. This result is consistent with the results of the study
by Kazutaka Obama. Moreover, this article introduces noncompliance as an objective
measure of LN dissection in robotic surgery and laparoscopy[38-40]. To our knowledge,
it  is  the  first  study  that  compares  oncological  outcomes  between  RSPSHL  and
LSPSHL through the LN noncompliance rate.  Our study showed that the overall
noncompliance rates were similar between the two groups. Further subgroup analysis
revealed that the noncompliance rate was also similar after stratification by clinical
stage  and  BMI.  However,  this  conclusion  requires  more  prospective  data  for
validation. SPSHL is usually performed along the particularly intricate and variable
vessels in the splenic hilar area. Due to the well-spaced depth of the field and the clear
and vivid view provided by the robotic system, robotic surgery can easily identify the
anatomy of the splenic hilar vessels and LNs. High-definition three-dimensional
magnification imaging can better show small anatomical structures and can be used to
more clearly visualize the splenic vasculature[41]. This method can reduce the difficulty
of  LN dissection and bleeding.  The seven degrees  of  directional  freedom of  the
mechanical wrist in the robotic system allow complex dissections in the narrow space
of the splenic hilum, which greatly improves the flexibility of  the operation and
makes  the  procedure  easier  and  more  convenient  than  common  laparoscopic
surgery[2,42]. Moreover, we stress that the robotic system is substantially easier to use
and more accurate than laparoscopy in terms of LN exposure, discrimination, and
collection in practice. Therefore, robotic surgery has similar outcomes as laparoscopic
surgery when the complex process of SPSHL is performed, and robotic surgery is
considered as effective as laparoscopy[43,44].
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Table 5  Time difference between the first and second steps among robotic spleen-preserving
splenic hilar lymphadenectomy patients

Variable First step time (min)1 Second step time (min)1 P-value

Total RSPSHL (n = 35) 8.4 ± 3.5 6.7 ± 2.6 0.024

EG (n = 20) 10.0 ± 3.4 7.5 ± 2.6 0.013

LG (n = 15) 6.3 ± 2.3 5.8 ± 2.2 0.548

1Values are the mean ± SD. EG: Early group; LG: Late group; RSPSHL: Robotic spleen-preserving splenic
hilar lymphadenectomy.

Our study also had several limitations. First, this study was a retrospective study
from a single center, and large-sample, prospective, multicenter data are required to
validate our findings. Second, the number of robotic cases was very small in this
study.  Third,  we did not  address  the long-term outcomes of  Huang’s  three-step
robotic maneuver because robotic surgery was implemented relatively recently at our
center. Despite these shortcomings, this is the first study in an Eastern population to
identify the differences between RSPSHL and LSPSHL using propensity-matched
scores to reduce the selection bias.

In conclusion,  this  study shows that robotic surgery using Huang’s three-step
maneuver can be performed to complete SPSHL. The safety of robotic surgery is
equivalent to that of  laparoscopy, especially after overcoming the early learning
curve. Therefore, this procedure is worth promoting to most surgeons and patients.
However, its long-term outcomes require further confirmation.
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Figure 1

Figure 1  Cost analysis between different groups and subgroups. RSPSHL: Robotic spleen-preserving splenic hilar lymphadenectomy; LSPSHL: Laparoscopic
spleen-preserving splenic hilar lymphadenectomy; EG: Early group; LG: Late group.

Figure 2

Figure 2  Unadjusted (A) and adjusted (B) regression models of robotic surgery via Huang's three-step maneuver and complications.1Adjusted for: age, sex,
body mass index, American Society of Anesthesiologists class, cT, cN, post-gastric artery, short gastric vessels, splenic upper pole artery, splenic lower pole artery,
and the terminal branches of the splenic artery. BMI: Body mass index; ASA: American Society of Anesthesiologists; SGV: Short gastric vessel; PGA: Post-gastric
artery; SUPA: Splenic upper pole artery; SLPA: Splenic lower pole artery; SpA: Splenic artery; SHDT: Splenic hilar dissection time; SHBL: Splenic hilar blood loss.

ARTICLE HIGHLIGHTS
Research background
Due to its high stability and precision, the robotic system can overcome the technical limitations
of conventional laparoscopic surgery and therefore has great potential for use in complicated
surgeries.

Research motivation
Robotic surgery has been considered to be significantly better than laparoscopic surgery for
complicated procedures.
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Research objectives
The aim of this study was to explore the short-term effect of robotic and laparoscopic spleen-
preserving splenic hilar lymphadenectomy (SPSHL) for advanced gastric cancer by Huang’s
three-step maneuver.

Research methods
A total of 643 patients who underwent SPSHL were recruited from April 2012 to July 2017,
including  35  patients  who  underwent  robotic  SPSHL  (RSPSHL)  and  608  who  underwent
laparoscopic SPSHL (LSPSHL). One-to-four propensity score matching was used to analyze the
differences in clinical data between groups.

Research results
In all, 175 patients were matched, including 35 patients who underwent RSPSHL and 140 who
underwent  LSPSHL.  After  matching,  there  were  no significant  differences  detected in  the
baseline characteristics between the two groups. Significant differences in total operative time,
estimated blood loss (EBL), splenic hilar blood loss (SHBL), splenic hilar dissection time (SHDT),
and splenic trunk dissection time were evident between these groups (P < 0.05). Furthermore, no
significant differences were observed between the two groups in the overall noncompliance rate
of lymph node (LN) dissection (62.9% vs 60%, P = 0.757), number of retrieved No. 10 LNs (3.1 ±
1.4 vs 3.3 ± 2.5, P = 0.650), total number of examined LNs (37.8 ± 13.1 vs 40.6 ± 13.6, P = 0.274),
and postoperative complications (14.3% vs 17.9%, P = 0.616). A stratified analysis that divided
the patients receiving RSPSHL into an early group (EG) and a late group (LG) revealed that the
LG experienced obvious improvements in SHDT and length of stay compared with the EG (P <
0.05).  Logistic  regression showed that  robotic  surgery was a significantly protective factor
against both SHBL and SHDT (P < 0.05).

Research conclusions
The safety of robotic surgery is equivalent to that of laparoscopy, especially after overcoming the
early  learning curve.  Therefore,  this  procedure  is  worth  promoting to  most  surgeons  and
patients. However, its long-term outcomes require further confirmation.

Research perspectives
We hope to perform a multi-center prospective study on the long-term outcomes of Huang’s
three-step robotic maneuver in order to provide a high-level scientific theoretical basis and
clinical experience.
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