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Abstract

Objective To investigate the safety and feasibility of using a novel purpose-built single-port robotic system (the SHURUI
Robotic Surgical System) with deformable surgical instruments to perform retroperitoneal single-port partial nephrectomy.
Materials and methods A prospective study was conducted to recruit patients with a single renal tumor no more than 4 cm.
Robot-assisted single-port partial nephrectomy was performed by using the novel purpose-built single-port robotic system
with deformable surgical instruments. Patients’ demographics, tumor characteristics, and perioperative parameters were
recorded and analyzed.

Results Sixteen patients were recruited to the study. The median tumor size was 2.0 cm (IQR: 1.2-2.4 cm). The median
R.E.N.A.L score was 6 (IQR: 4—4.5). In 3 cases, pure single-port surgery was carried out, and all the assistance was through
the robotic port. Median docking time was 15.5 min (IQR: 14.25-22.25 min). Median operating time was 148.5 min (IQR:
178-238.5 min). Median console time was 107 min (IQR: 92.75-149.75 min). Median warm ischemic time was 26.5 min
(IQR: 24.5-30 min). Median blood loss was 17.5 ml (IQR: 10-50 ml).

Conclusions Retroperitoneal partial nephrectomy can be safely performed with this novel purpose-built single-port robotic
system (SHURUI) with deformable surgical instruments. Further studies are needed to fully evaluate the role of this new
platform.
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Introduction

The incidence rate of renal cell carcinoma has been increas-
ing during the past decades. It accounts for 5% of all malig-
nancies in men and 3% in women [1, 2]. Because of rou-
tine health checkups and convenient imaging examination
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methods, small renal masses are detected more frequently.
For these tumors, partial nephrectomy has been widely
accepted [3, 4]. It provides similar oncological outcomes as
radical nephrectomy and preserves renal function [5].

Single-port surgery has the characteristics of minimally
invasive, rapid post-operative recovery and improved cos-
mesis [6]. It is the persistent pursuit of urologists. However,
due to the “chopsticks effect” and “reverse operation” caused
by the parallel arrangement of instruments, the development
of laparoscopic surgeries was relatively slow. Robotics pro-
vides additional flexibility and may eliminate the problem
of “reverse operation” through electronic programming. It
has been considered the future of single-port surgeries [7].

Partial nephrectomy can be performed through transperi-
toneal or retroperitoneal approach. Retroperitoneal surgery,
featuring easy renal artery mobilization, accelerated bowel
function recovery, and isolation from abdominal organs, is
a mature surgical approach [8]. When a single-port robot
is applied in a surgery, a relatively large surgical space is
needed for deployment of the instruments. The small space
of retroperitoneal cavity is challenging. In this study, we
introduce a novel purpose-built single-port robotic system
with deformable surgical instruments, which is more suit-
able for retroperitoneal partial nephrectomy.

Materials and methods

The purpose-built single-port robotic system
with deformable surgical instruments

The SHURUI Robotic Surgical System (Model SR-
ENS-600; SHURUI Robotics, Beijing, China) consists of
a remote-control console with a three-dimensional (3D)
high-resolution monitor, a surgical equipment cart with a
high-resolution monitor for bedside assistant, a four-arm
operation cart, and deformable robotic instruments which
are reusable (Fig. 1).

Partial nephrectomy in clinical application
Study design and participants

The multi-center prospective study was conducted from
November 2021 to June 2022. Patients with a single renal
tumor no more than 4 cm were recruited. Exclusion criteria
included lymph node or distant metastasis, body mass index
greater than 30, pregnancy, less than 18 years old, presence
of infectious diseases, and intolerance to general anesthe-
sia. Written consent forms were obtained from all patients.
The study protocol received approval from the Institutional
Review Board of each participating center. The respective
ethical approval numbers are as follows: the First Affiliated
Hospital of Naval Medical University (CHEC2021-143), the
First Affiliated Hospital of Zhejiang University School of
Medicine (PRO20210241), the Second Affiliated Hospital
of Nanjing Medical University (QX-008-LP-01), and Shang-
hai Ninth People’s Hospital, Shanghai Jiaotong University
School of Medicine (SH9H-2021-C53-3).

Surgical procedures

After general anesthesia, the patient was placed in full lat-
eral decubitus position. One axillary line, a 2.5-cm incision
was made 3 cm above the iliac crest. Retroperitoneal space
was then established, and robotic port was introduced. A
12-mm assistant port is optional. After docking, 3D high-
resolution camera and surgical instruments were installed.
The procedure was similar to previous reports [9, 10]. Retro-
peritoneal fat was removed and Gerota’s fascia was opened.
After mobilization of renal artery, pararenal fat was opened
to fully expose the tumor. Renal artery was then clamped
with bulldog clamps. The tumor was resected, and renor-
rhaphy was completed running sutures. Bulldog clamps were
removed after proper hemostasis. (Fig. 2).

Fig. 1 The SHURUI Robotic Surgical System (Model SR-ENS-600; SHURUI Robotics, Beijing, China). A Remote console; B Operation cart; C

Deformable surgical instruments
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Fig.2 Retroperitoneal partial nephrectomy with the novel purpose-built robotic system with deformable surgical instruments. A The single-port
trocar in the surgical setting; B Mobilization of retroperitoneal fat; C Identification of renal artery; D Resection of tumor; E Renorrhaphy

Data collection and statistical evaluation

Following information was collected: (1) Patients baseline
parameters including age, gender, body mass index (BMI),
American Society of Anesthesiologists (ASA) score; (2)
Tumor characteristics including side, tumor size, clinical
stage, R.E.N.A.L. nephrometry score [11]; (3) Periopera-
tive variables including docking time, operating time, con-
sole time, warm ischemic time (WIT), estimated blood loss
(EBL), preoperative serum creatinine, serum creatinine at
discharge, perioperative complications, and conversions. All
complications were evaluated with Clavien—Dindo classifi-
cation system [12].

Medians and interquartile ranges (IQRs) were used to
describe continuous variables. Frequencies and proportions
were used to report categorical variables.

Results

From November 2021 to June 2022, 18 patients presented
with the indication of partial nephrectomy were enrolled
with this study. One patient was excluded because of posi-
tive hepatitis B antigen and high level of hepatitis B virus
DNA. One patient chose not to participate in this clinical
trial. Sixteen patients were recruited to this study, and a flow
chart is shown in Fig. 3.

The median tumor size was 2.0 cm (IQR: 1.2-2.4 cm).
The median R.E.N.A.L score was 6 (IQR: 4-4.5). In 3 cases,
pure single port was applied, and all the assistance was
through robotic port. The median docking time was 15.5 min
(IQR: 14.25-22.25 min). The median operating time was

partial nephrectomy (n=18)

-

y

L Patients with indication of

Patient voluntarily
withdrew (n=1)

Included cases (n=17)

Patient excluded because
of hepatitis B (n=1)

y

Patients qualified
and recruited
(n=16)

Fig.3 The flow chart of patient recruitment

148.5 min (IQR: 178-238.5 min). The median console
time was 107 min (IQR: 92.75-149.75 min). The median
warm ischemic time was 26.5 min (IQR: 24.5-30 min).
The median blood loss was 17.5 ml IQR: 10-50 ml). The
median preoperative serum creatinine was 68.5 pmol/L
(IQR: 58-78.475 pmol/L). The median serum creatinine
at discharge was 65.5 pmol/L (IQR: 57.5-89.7 pmol/L).
The mean difference in pre- and post-operative creatinine
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levels was — 0.156 (p=0.952), indicating no significant dif-
ference in creatinine levels before and after the operation.
All surgeries were successfully performed without major
complications or conversions. Patient demographic, tumor
characteristics, and perioperative outcomes are shown in
detail in Table 1.

Discussion

Compared with traditional laparoscopic surgery, single-
port surgery has the characteristics of accelerated recovery
and improved cosmetics [6]. When traditional laparoscopic
instruments were used, the surgery was very difficult because
the instruments were too parallel and the operating angle is
narrow. The learning curve was long and relatively simple
procedures were performed. Robotics brings a new direc-
tion for single-port surgeries. In 2009, Kaouk et al. reported
three cases of robot-assisted single-port surgeries with rigid
instruments [13]. In 2012, a semirigid robotic operative sys-
tem was designed to work with da Vinci Si [14]. Thereafter,
many studies have achieved satisfying outcomes. However,
in these studies, surgeons may only use 2 robotic arms, the
operative space is limited, and the flexibility of the instru-
ments decreased significantly [15]. In 2014, Kaouk et al.
first reported the application of da Vinci SP platform, and
single-port surgery has reached a new height [16]. Yet, the

Table 1 Patient demographic, tumor characteristics, and periopera-
tive outcomes

Variable Median [IQR] or no. (%)
No. of patients 16

Age (year) 55 [41.5-58]

Male gender 8 (50)

Body mass index

ASA score

Right side tumor

Tumor size (cm)
R.E.N.A.L score

Docking time (min)
Operating time (min)
Console time (min)
Estimated blood loss (ml)
Warm ischemic time (min)

Major complications
(Clavien >3)

Preoperative serum creatinine (pmol/L)
Serum creatinine at discharge (umol/L)
Positive surgical margin

25.6 [23.5-26.8]
211,2]

9 (56.25)
2.0[1.2-2.4]

6 [4-6.5]

15.5 [14.25-22.25]
178 [148.5-238.5]
107 [92.75-149.75]
17.5 [10-50]

26.5 [24.5-30]
0(0)

68.5 [58-78.475]
65.5 [57.5-89.7]
0(0)

ASA American Society of Anesthesiologists
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costs and maintenance of da Vinci system remain high, and
the SP platform is not yet popularized.

Both transperitoneal and retroperitoneal robotic partial
nephrectomies are mature surgical approaches, and each has
its advantages and disadvantages. Retroperitoneal surgery
provides shorter operating time, less intraoperative blood
loss, and faster recovery [17, 18]. Reduced operating time
may be related to easy artery identification. Stable pneumop-
eritoneum pressure may reduce bleeding during tumor resec-
tion and renorrhaphy. In addition, retroperitoneal approach
is more suitable for patients with abdominal surgery history
and abdominal adhesion because it is isolated from abdomi-
nal organs [8]. However, reports of retroperitoneal partial
nephrectomy with single-port robots are rare. In 2017, Mau-
rice et al. reported 4 cases on male cadavers [19]. In 2020,
Kaouk et al. reported the only case of retroperitoneal partial
nephrectomy with single-port robot up to present [20]. The
patient was a 78-year-old male. Tumor size was 2.5 cm with
a nephrometry score of 4. The surgery lasted 242 min, warm
ischemic time was 26 min, and estimated blood loss was
25 ml. The operating time was much longer than a routine
partial nephrectomy.

The high difficulty explains the small number of retrop-
eritoneal robotic single-port surgeries reported. Retroperito-
neal space is an inhospitable environment for deployment of
the instruments. Robotic single-port instruments need space
to expand and flex. To keep the distance from the opera-
tion area, the incision is usually made relatively far away,
and operation angle is compromised. In our study, a novel
purpose-built single-port robotic system with deformable
surgical instruments (SHURUI Surgical System) was used.
The surgical workspace of SHURUI robotic surgical system
ranges from 7 to 25 cm, which is a significant improvement
compared to other purpose-built single-port systems [21].
Up to present, it is the single-port robot with the shortest
deployment distance. This feature made it especially suitable
for retroperitoneal surgeries. In our series of 16 retroperito-
neal cases, all were successful without major complications
or conversions. Operating time, warm ischemic time, esti-
mated blood loss were satisfactory.

Unlike cable-driven wrists, a novel structure, dual con-
tinuum structure, was applied in SHURUI Robotic Surgical
System (Fig. 4). It is composed of the proximal segment, the
guide tube and the distal segment. Dozens of nickel-tita-
nium (NiTi) rods run through from the proximal end to the
distal end as the structural bones. The bending of the proxi-
mal segment will lead to the distal movement to the opposite
direction, with a maximum angle of 135 degrees. The dual
continuum structure also possesses larger payload capability
and greater reliability. Dozens of structural bones bear ten-
sion at the same time, enhancing the strength of deformable
instruments up to 17.97 Newtons. Additionally, each NiTi
Rod influences the surgical tool in a quite small manner.
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NiTi rods

Distal segment

Proximal segment

Fig.4 Dual continuum structure of the SHURUI Robotic Surgical
System

The redundant arrangement of structural bones assures that
even crash of a few NiTi rods will not cause the surgery to
fail. In separate cohorts, we have also validated the applica-
tion of this system in radical prostatectomy for prostate can-
cer, preliminarily confirming its feasibility and safety [22].
Finally, the costs of the SHURUI Robotic Surgical System
and its instruments are much lower, which can be as low as
laparoscopic surgeries.

There are some limitations of our study and this novel
robot. This is a one-arm investigation with a relatively small
sample size. Since we were trying to prove the safety and
feasibility to perform this surgical approach, BMI was lim-
ited to 30, and all tumors were less than 4 cm. Further stud-
ies are needed to fully evaluate the role of SHURUI Robotic
Surgical System in retroperitoneal partial nephrectomy.
Given that this study represents the first clinical application
of this novel robotic system, extreme caution was adopted by
the surgeons. Tumor excision was carried out carefully, and
extra sutures were used during renorrhaphy. This approach
was reflected in the relatively prolonged duration of WIT,
even for small tumors. The robotic arms of SHURUI Robotic
Surgical System occupy a large space. Because of external
conflicts, the assistant could only provide limited help. This
matter may be improved by flexible laparoscopic instruments
which are mature and off the shelf.

Conclusions

Retroperitoneal partial nephrectomy can be safely performed
with this novel purpose-built single-port robotic system with
deformable surgical instruments.
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