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Introduction

The proposal and popularization of minimally invasive 
concepts and the continuous improvement of laparoscopic 
instruments have enabled radical prostatectomy (RP) 
to enter a new field from traditional radical retropubic 
prostatectomy (RRP) to laparoscopic radical prostatectomy 
(LRP). Schuessler et al. first reported LRP in 1997 (1), 
marking that the surgical treatment of prostate cancer has 

entered the era of minimally invasive surgery. However, 
laparoscopic surgery is more difficult to perform. With 
narrow operating space, lack of tactile feedback, and 
difficulty in pelvic floor sutures, LRP greatly extend the 
operation time and did not show an obvious advantage 
in tumor control, urinary control, and sexual function 
at the early stage. In the following years, the continuous 
improvement and development of surgical techniques and 
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instruments made LRP accepted by more and more patients 
as well as surgeons, which began to promote LRP on a large 
scale. 

In 2001, Abbou et al. reported the robot-assisted 
laparoscopic radical prostatectomy (RARP) for the first 
time (2), which opened the prelude to RARP in the surgical 
treatment of prostate cancer. The advent of the da Vinci 
surgical system once again put prostate cancer surgery in 
a new stage of minimally invasive surgery. Compared with 
traditional laparoscopy, the da Vinci surgical system has a 
3D field of view with steady and flexible robot arms, which 
greatly improves the surgeon’s operational ability and 
enables surgeons to accurately identify anatomical structures 
and levels during the surgery. Besides, the da Vinci system 
also accelerates the speed of learning and growth for the 
reduced difficulty of the operation to a certain extent. 
Nowadays, RARP has become the main surgical method of 
prostate cancer treatment in Europe and North America. 
From 2003 to 2007, the proportion of minimally invasive 
procedures (including LRP and RARP) for RP in the 
United States rose sharply from 4.9% to 44.5%, while RRP 
dropped from 89.4% to 52.9% (3). So far, many studies have 
suggested that RARP can achieve positive surgical margins 
(PSM) rate as low as LRP, and it has shown advantages over 
LRP in intraoperative blood loss (188.0 mL), intraoperative 
blood transfusion rate (1.8%), and average postoperative 
hospital stay (4 days) (4,5). While improving the incidence 
of perioperative complications, RARP reduces the 
proportion of long-term urinary incontinence to about 9%, 
which is better than open surgery [odds ratio (OR) =1.53] 
and LRP (OR =2.39) (6).

The conventional RARP establishes channels through 4 
Trocars so that the four robotic arms of the surgical robot 
can enter the surgical operation space, thus leaving four 
wounds postoperatively. With the increasing demand of 
patients for no scars or fewer scars after surgery, single 
port laparoscopic surgery has been widely favored by more 
and more urologists and patients due to its advantages 
in achieving good surgical results while reducing the 
number of surgical incisions and scars. Therefore, single-
port robotic-assisted radical laparoscopic prostatectomy 
(spRARP) came into being. Recently, a new platform da 
Vinci single-port (SP) system (Intuitive Surgical Inc., 
Sunnyvale, CA, USA) was introduced, whose articulating 
instruments was operated via a single access. The SP system 
is promising for robotic surgery while is unavailable in 
China and many other countries nowadays. On the other 
hand, it has been recently reported that transperitoneal 

spRARP was well applied in prostate cancer patients with 
the use of a single port and the conventional da Vinci Si 
robotic instruments (7). Herein, we report the preliminary 
experience of 9 transperineal spRARP (t-spRARP) cases 
that were performed in our hospital and intend to provide 
a new reference for spRARP performed in the da Vinci Si 
robotic platform.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-898).

Methods

Data source and patient selection

We retrospectively collected 9 cases of prostate cancer 
patients who were performed t-spRARP in our hospital 
from May 2020 to June 2020. During this period, two 
surgeons in our team collected preoperative, intraoperative 
and postoperative data, and another colleague collected 
prognostic data. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) 
and was approved by Institutional Review Board (Sir 
Run Run Shaw Hospital, Medicine School, Zhejiang 
University, 20190218–34) and individual consent for this 
retrospective analysis was waived. All transrectal prostate 
biopsy diagnoses of the included patients were prostate 
adenocarcinoma. All the t-spRARP cases were performed 
by an experienced surgeon (Gonghui Li) with 600 cases of 
experience of multiport RARP.

Inclusion criteria and variables definition

Exclusion criteria for patients: prostate weight >80 mL, 
body mass index (BMI) >35 kg/m2, multiple biopsies 
and critical patients. Preoperative evaluation factors are 
including age at surgery, BMI, biopsy Gleason score, and 
prostate-specific antigen (PSA) level. 

Endpoints and data collected

In this study, we aimed to report the preliminary experience 
of t-spRARP and describe the perioperative results and 
follow-up related to this novel robotic-assisted surgical 
procedure. We, therefore, collected intraoperative data 
including total operation time and estimated blood loss 
(EBL), postoperative pain scores (range from 0 to 10) 
at 8, 12, and 16 h after t-spRARP, complications, and 
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readmissions. The postoperative follow-up mainly included 
continence and PSA level at 3 months postoperatively. 

Statistical analysis

All the data were collected and analyzed using the Statistical 
Package for the Social Sciences (SPSS). Continuous 
variables were described as medians and interquartile 
ranges (IQRs) and categorical variables as frequencies and 
proportions. 

da Vinci Si robot implementation and technical 
modifications

The da Vinci surgical system was utilized to perform the 
surgery, and the 9 operations were performed using the 
“Si” model docking using a three-arms configuration. The 
following robotic instruments were equipped: 12 mm 30° up 
scope, Hot Shears monopolar curved scissors, and ProGrasp 
forceps (Intuitive Surgical Inc., Sunnyvale, CA, USA). 

Trocar placement and docking technique

The patients were placed in an exaggerated lithotomy 
position with a 20° Trendelenburg tilt. The perineal 
incision was made at the apex of a semicircular line (6 cm) 
extending between the ischial tuberosities, the subcutaneous 
fascia tissue was separated, and the central tendon was then 
incised along with the rectal and urethral muscles were cut. 
The instruments enter into the anterior space of the rectum 
by blunt separation, followed by levator ani muscle pushed 
aside and Denonvilliers’ fascia exposed. A single port was 
subsequently inserted with a surgical wound protector 
(Nantong angel medical instruments Co., Ltd., China) 
surrounding it. After the pneumoperitoneum establishment, 
the lens along with two robotic arms and an auxiliary 

operating hole were installed or fixed through the wound 
protector (Figure 1).

da Vinci transperineal spRARP procedure

After the apex of the prostate and the urethra were exposed, 
both sides of the prostate were bluntly separated extending 
to the bladder neck. Denonvilliers’ fascia was transversely 
cut apart beneath the prostate, and was continuously 
separated forwards and downwards close to the prostate, 
and seminal vesicles and vas deferens Ampulla were then 
exposed and dissociated with the ampulla of the vas deferens 
cut off. The lateral prostatic ligaments were ligated and 
incised on both sides. Subsequently, the urethra was isolated 
and incised at the junction of the apex of the prostate 
and the urethra. The prostate was then separated to the 
bladder neck pulled by the apex of the prostate. Finally, the 
bladder neck was incised and the prostate was removed. 
2-0 absorbable thread was used to suture the urethra and 
bladder neck continuously (Figure 2).

Results 

Patient demographics

The median [IQR] age of the patients was 65 [3] years, the 
median [IQR] BMI was 24.5 [4.4] kg/m2. The preoperative 
PSA level of 3 patients was <10 ng/mL while 4 patients’ 
preoperative PSA level ranged from 10 to 20 ng/mL and 
2 patients’ preoperative PSA level beyond 20 ng/mL. The 
biopsy pathology reported 33% Grade Group (GrGP)1, 
33% GrGP2, 22% GrGP3, 11% GrGP4, 0% GrGP5. The 
median [IQR] prostate size was 29.9 [10.1] mL (Table 1).

Intraoperative

The median total operative time [IQR] reported was 350 

Figure 1 Trocar placement for transperineal single-port robot-assisted radical prostatectomy using da Vinci Si platform.
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Figure 2 Intraoperative view during the transperineal single-port robot-assisted radical prostatectomy.

Table 1 Patients’ demographics

Variables N (%) Median IQR

Number of patients 9 – –

Age (year) – 65 3

BMI (kg/cm2) – 24.5 4.4

Preoperative PSA level  – –

<10 ng/mL 3 [33]

10–20 ng/mL 4 [44]

20 ng/mL 2 [22]

GGG – –

GrGP1 3 [33]

GrGP2 3 [33]

GrGP3 2 [22]

GrGP4 1 [11]

GrGP5 0 [0]

Prostate size (mL) – 29.9 10.1

IQR, interquartile range; BMI, body weight index; PSA, prostate specific antigen; GGG, Gleason Grade Group. 
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[150] min, and median EBL [IQR] was 300 [100] mL  
(Table 2). Importantly, both the total operative time 
and EBL were remarkably decreased as the surgical 
proficiency improved (Figure 3). Besides, there are neither 
intraoperative complications nor blood transfusions during 
the surgery. 

Postoperative and pathological outcomes

The median [IQR] hospital length of stay of these 9 
patients was 7 [2] days (Table 3). The median pain scale 
score reported at 8, 12, and 16 h after spRARP was 1.9, 
1.4 and 1, respectively. Four patients experienced a slow 
incision healing process (the wound was unhealed during 
the hospital stay) and recovered after regular dressing in 
outpatient. The final pathology reported 33% GrGP1, 
33% GrGP2, 22% GrGP3, 0% GrGP4, 11% GrGP5. In 
all, only one patient (11%) had a GrGP upgrading when 
comparing the final pathology with the previous biopsy 
report. Importantly, none of the 9 patients exhibited PSM. 

Follow-up (Table 4) 

The PSA level of the 8 patients decreased to 0 ng/mL and 
one patient’s PSA level was merely 0.01 ng/mL. Continence 
outcomes were collected at our outpatient department  

6 months after t-spRARP. In all, 7 patients (78%) recovered 
full continence and 2 (22%) patients used pads during  
the day. 

Discussion

Single-port robotic-assisted surgery was generally defined as 
robot-assisted surgery with only one skin incision. In the early 
days, the spRARP was referred to as the RARP with multiple 
independent small holes under a single incision. However, this 
type of operation was accompanied by more fascia injuries and 
longer incision healing time (8). Kaouk et al. first introduced an 

Table 2 Intraoperative data

Variables Median IQR

Total operative time (min) 350 150

EBL (mL) 300 100

Values are presented as median and IQR. EBL, estimated blood 
loss; IQR, interquartile range.

Table 3 Postoperative data

Variables N [%] Median IQR

Length of stay (days) – 7 2

Pain scale score at 8 h postoperatively – 2 0

Pain scale score at12 h postoperatively – 2 1

Pain scale score at 16 h postoperatively – 1 0

Poor incision healing 4 [44] – –

GGG – –

GrGP1 3 [33]

GrGP2 3 [33]

GrGP3 2 [22]

GrGP4 0 [0]

GrGP5 1 [11]

Gleason upgrading from biopsy 1 [11] – –

PSM 0 [0] – –

IQR, interquartile range; PSM, positive surgical margins; GGG, 
Gleason Grade Group.
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initial experience of two RARP cases using a transperitoneal 
approach through a trans-umbilical incision with the new 
single-port platform, that is, da Vinci SP system (9). More 
recently, Kaouk et al. used the da Vinci SP surgical system 
in 10 consecutive RARP cases via the extraperitoneal 
approach and achieved satisfactory outcomes including 
operative time, complications, hospital stay length, and 
continence recovery (10). Though the single-port platform 
shows promising potential for surgical breakthroughs, it has 
not yet been available in any medical center in China. As for 
most medical centers without da Vinci SP platform, it is a 
big challenge to achieve a true single-port approach RARP 
with the straightened robotic arm on account of limited 
operating space, and operational flexibility. Chang et al. 
reported for the first time that transperitoneal spRARP was 
successfully performed by optimizing surgical techniques 
based on the traditional da Vinci surgical platform using the 
Si HD model (7). 

As another important route for performing RP (11-14), 
the perineal approach could achieve a more direct anatomic 
approach through a relatively small and intimate incision. 
However, the narrow operative narrow, the position of the 
prostate in the pelvis and ergonomic issues challenging the 
operating surgeon performed RP via the perineal approach 
and have obstacled its application while the introduction 
of the robotic system alleviating difficulties as mentioned 
above in radical perineal prostatectomy (RPP). Therefore, 
it was also promising to investigate the feasibility of the 
spRARP through the transperineal approach based on the 
traditional da Vinci Si surgical platform.

Significantly, t-spRARP using da Vinci Si surgical 
platform was successfully performed in this report and 
achieved similar outcomes compared with the traditional 
multi-port RARP. All the patients in this study were 
carefully selected and analyzed. The median [IQR] EBL 
was 350 [150] mL, which was close to our conventional 
multi-port RARP. The median [IQR] total operative time 

was 300 [100] min, which was longer compared with the 
durations reported in the previous meta-analysis (15) due 
to the initial practice of surgeons and the surgical history 
of patients (one-third of patients had abdominal surgical 
history). Although our present study does not include a 
comparison among different approaches, we can use this 
study as a reference for the transperineal RARP. With the 
surgical experience accumulating, the operative time and 
EBL were expected to decrease.

Kaouk et al. reported 4 cases performing RARP via 
single-port robotic perineal approach, and surgical margins 
were focally positive in 3 patients with complex surgical 
histories (16). In our series, given our initial experience 
with t-spRARP, PSMs were not reported in all 9 cases 
including the 3 cases with abdominal history, owing to 
our careful dissection. As for incision healing, 4 patients 
in our study suffered poor healing for their large volume 
prostate and prolonged operation time, which indicated 
that t-spRARP will be not an appropriate method for a 
prostate cancer patient whose prostate is large. Focusing 
on urinary function, 8 patients have regained full urinary 
continence 6 months after surgery, while only one patient 
needs pads during the day. As was defined by Takenaka  
et al., anterior support from the puboprostatic collar will 
avoid incontinence in an immediate time postoperatively 
induced by bladder mobilization (17).

We also recognize some limitations to our initial practice: 
it might be essential to extend the incision for the extraction 
if the prostate is too large. Besides, the cohort of patients in 
this study was small, the intraoperative data was incomplete, 
and the advantages of this technique were not validated by 
comparing it with other approaches. All the disadvantages 
could be mainly attributed to the learning curve for the use 
of a novel surgical method.

In all, our preliminary application experience exhibited 
that the technique of t-spRARP is feasible and oncologically 
safe. However, it should be noted in this study that we 
carefully selected patients with lower BMI, and carried out 
careful preoperative preparation, including digital rectal 
examination, prostate imaging evaluation, incision, and port 
location design, etc. The console surgeon and assistant also 
have extensive experience in multi-port RARP. Through the 
initial practice, we draw a preliminary conclusion that the 
early learning curve does not greatly affect the safety and 
efficacy of patients. However, we recommend a thoughtful 
and cautious attitude and method for the adoption and 
learning curve of this new surgery procedure due to the 
lack of wrist surgical instruments and instrument traction. 

Table 4 Follow-up data

Variables N [%]

Postoperative PSA level (3 months) 

≤0.01 ng/mL 9 [100]

Continence after 6 months

Full continence (no pads) 7 [78]

With pads in the day 2 [22]
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Besides, the setting of the exclusion criteria for this report 
made it impossible for this study to evaluate the feasibility 
of this procedure for more challenging operations. As 
this study is still in the preliminary application stage, it is 
currently unable to achieve long-term follow-up of the 
prognosis of the procedure. Therefore, we will consider 
including a prospective study of long-term functional 
recovery and prostate cancer outcome related to this 
procedure in further studies. 

Conclusions

The 9 t-spRARP cases in this report have finally achieved 
satisfactory outcomes. Meanwhile, it can satisfy patients’ 
higher demands for the aesthetics of the postoperative scar 
to the greatest extent due to its privacy intimate incision. 
Moreover, t-spRARP seems to a good alternative for those 
patients who had small volume prostate or abdominal 
history. However, this technology still demands more 
application experience to improve the surgical technique 
as well as standardize and simplify the surgical procedure. 
Besides, we need further analyze the learning curve, 
perioperative complications, long-term functional recovery, 
and comparison with conventional RARP as the cases 
accumulating to some extent.
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