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ABSTRACT

Introduction and purpose

Prostate cancer is the most common malignant tumor in men in Poland. In 2021, the
standardized incidence rate was 48.2 cases per 100,000 people. It is diagnosed mainly in men
over 60 years of age. The choice of treatment method depends on the stage of the disease,
general condition and age of the patient. Treatment mainly includes surgery, radiotherapy and
hormone therapy. In the case of surgical procedures, it is possible to perform prostate cancer
surgery using the Da Vinci single-port surgical robot. The aim of this literature review is to
describe the procedure of radical prostatectomy using the da Vinci single-port robot and to
assess the effectiveness of radical prostatectomy using the da Vinci single-port robot

compared to open and laparoscopic prostatectomy.

Material and methods

This review of studies was based on articles obtained from the scientific database PubMed.
Key search terms included prostate cancer; robot-assisted radical prostatectomy; robotic
surgery; da Vinci Surgical System; da Vinci single-port; laparoscopic prostatectomy; open

prostatectomy.

Conclusions
Currently, the da Vinci single-port surgical system is playing an increasingly important role in
radical prostatectomy centers. It is increasingly replacing open radical prostatectomies due to

its higher treatment efficacy and fewer complications. However, no significant differences



have been demonstrated compared to classical laparoscopic surgery. Further studies are also

necessary to assess functional and oncological results.

Keywords: prostate cancer; robot-assisted radical prostatectomy; robotic surgery; da Vinci

Surgical System; da Vinci single-port; laparoscopic prostatectomy; open prostatectomy.

Introduction

Prostate cancer is the most common malignant tumor in men in Poland and, according to
statistical data, it accounts for 20% of all malignant tumors. In 2021, the standardized
incidence rate was 48.2 cases per 100,000 people (1st place among cancer cases in men;
17,832 cases), and the mortality rate was 13.1 cases per 100,000 people (5,458 deaths - 2nd
place among causes of cancer deaths in men) [1]. According to the data, currently about 10
million men live with this disease, and about 700,000 of them have been diagnosed with
metastatic disease [2]. Early diagnosis of prostate cancer is very important, because early
detection of the disease and rapid implementation of treatment means that the life expectancy
of men with localized prostate cancer can be up to 99% for more than 10 years [3]. About 5%
of men diagnosed with prostate cancer also have distant metastases, often located in multiple
organs, and 15% of men have regional metastases to nearby organs or lymph nodes [4]. Due
to the high incidence of prostate cancer in the population, there is an urgent need for effective
and targeted treatment of this cancer. According to studies, active surveillance, a structured
program that uses monitoring and targeted intervention as the basic techniques of prostate
cancer treatment, is very important. It helps to control the course of the disease, implement
appropriate treatment at specific stages, and minimize potential complications. This method is
preferred in patients with low-risk cancers or those who have a short life expectancy. The
criteria for active surveillance include recommendations based on the following factors:
health status, disease characteristics, life expectancy, side effects, and patient preferences [5].
The important indicators in the treatment of prostate cancer are used: prostate-specific antigen
(PSA) level, clinical and histological progression [6]. Among the numerous treatment
methods, such as surgery, hormonal therapy, chemotherapy, radiotherapy, brachytherapy,
cryotherapy, one of the most important is undoubtedly the da Vinci single-port radical
prostatectomy. The main objective of this literature review is to describe the procedure of the
da Vinci single-port radical prostatectomy and to evaluate the efficacy of the da Vinci single-

port radical prostatectomy compared to open and laparoscopic prostatectomy.



Methodology

This review of studies was based on articles obtained from the scientific database PubMed.
Key search terms included prostate cancer; robotic-assisted radical prostatectomy; robotic
surgery; da Vinci surgical system; single-port da Vinci; laparoscopic prostatectomy; open

prostatectomy.

Prostate cancer

Prostate cancer is a malignant tumor that develops in the prostate gland. It is worth adding
that most prostate cancers are asymptomatic and grow slowly. Symptoms usually appear
when prostate cancer is quite advanced locally and may then occur such complaints as weak
or interrupted urine flow, pain in the lower abdomen and perineum, a burning sensation
during urination, polyuria, a feeling of incomplete urination, urgency to urinate, difficulty in
initiating micturition, nocturia, painful ejaculation. Prostate cancer usually occurs in men over
the age of 60. Risk factors associated with the development of prostate cancer include family
factors, African descent, obesity, a high-fat diet and lack of physical activity. The 5-year
survival rate for prostate cancer is relatively good and is about 96% [1,7]. According to
studies, in 70% of cases, cancer develops in the peripheral part of the prostate gland, often in
multiple locations. In the initial phase of the disease, which can last for many years, the tumor
is limited to the organ and does not cause any symptoms. In the second phase, the invasive
phase of the disease, it invades neighboring tissues and organs, spreading along the perineural
spaces. Metastases then occur through lymphatic and blood vessels. Regional lymph nodes
are affected, and distant metastases usually occur in the bones, less frequently in the liver,
lungs, and brain [1]. In the diagnosis of prostate cancer, digital rectal examination (DRE) is
used to assess the structure, stiffness, and enlargement of the prostate. The basic parameter is
the level of prostate-specific antigen (PSA), which serves as a screening test in the diagnosis
of this cancer. In the case of suspected cancer, a biopsy of the gland is performed under
transrectal ultrasound (TRUS) guidance to make a histopathological diagnosis. The biopsy
should include samples from each lobe of the prostate and should be directed to potential
tumor foci located and previously described in magnetic resonance imaging. The histological
grade is determined according to the Gleason classification. Magnetic resonance imaging
(MRI) plays a key role in diagnostic imaging. Multiparametric MRI (mpMRI) has been

widely used in the treatment of localized prostate cancer in recent years [8]. In recent years,



genetic testing and hereditary testing of prostate cancer are increasingly performed due to the
significant development of such genetic diagnostic methods as mRNA sequencing, whole
genome DNA sequencing and proteome profiling [9,10]. Common genes used as biomarkers
of prostate cancer are BRCA genes, HOX genes, ATM gene, RNase L (HPC1, 1q22), MSR1
(8p) and ELAC2/HPC2 (17pl1l). Biomarkers are used in diagnostic procedures, in
determining the stage of the disease, assessing the aggressiveness of the disease and assessing
the therapeutic process [11]. There are many treatment options for prostate cancer. The most
important of them is hormone therapy, also known as androgen deprivation therapy (ADT).
This technique is used to treat advanced and metastatic prostate cancer. Its therapeutic
mechanism is based on blocking the production of testosterone and other male hormones,
preventing them from feeding prostate cancer cells [12]. Other methods include chemotherapy
and radiotherapy. Chemotherapy involves the use of anticancer drugs to kill or stop the
growth of cancer cells. The most common chemotherapy drug for prostate cancer is docetaxel
(Taxotere) [13]. External beam radiotherapy (EBRT) is a commonly used treatment technique
that involves the emission of powerful X-ray beams specifically aimed at prostate tissue [14].
Cryotherapy and brachytherapy are also used to treat cancer. Cryotherapy involves the
surgical insertion of cryoprobes into the prostate under ultrasound guidance. It involves
freezing the prostate gland to a temperature of —100 °C to —200 °C for about 10 minutes.
Brachytherapy is the direct placement of radioactive particles into the prostate gland using
injections or wires guided by transrectal ultrasound. [15,16]. Due to drug resistance and
adverse effects, the use of the above methods in monotherapy is becoming increasingly rare,
and combined therapy is often used, in which, for example, radiotherapy is combined with
chemotherapy. Numerous studies are also being conducted on the use of medicinal plants,
gene therapy and the use of nanotechnology in treatment, which may be the future of prostate
cancer treatment. However, it still requires many experimental studies and observations [11].
Surgical methods include radical prostatectomy. Radical prostatectomy is a medical procedure
of removing the prostate gland using an open or laparoscopic method. The procedure requires
making small incisions on the abdomen or through the perineum [11,17]. For surgical
treatment, one of the following is selected: laparoscopic radical prostatectomies, robot-
assisted radical prostatectomy (RARP) or open radical prostatectomy (RP). As for the
operation using a robot, the da Vinci robot is currently most commonly used. The da Vinci

robot-assisted radical prostatectomy is divided into multi-port or single-port [18].



da Vinci single-port surgery- technique description

The da Vinci Surgical System from Intuitive Surgical is currently the most widely used
robotic surgery system and uses a master-slave console that allows the surgeon to operate
remotely from the surgical site. This system has attracted increasing interest in the medical
community and is being used in an increasing number of surgical procedures [19,20]. The da
Vinci Surgical System consists of four main components: a surgical console, which is used by
the surgeon and views a magnified 3D image of the surgical site; a patient cart, which consists
of three arms with instruments and one endoscope (a tubular optical instrument for viewing
the interior of the body); mobile instruments, which are used to simulate fine motor
movements of a human; and a 3D vision system [21]. Preoperative preparation includes
subcutaneous administration of heparin and antibiotic prophylaxis (e.g., cephalosporin). At
the beginning of the procedure, the patient is placed in the Trendelenburg position under
general anesthesia with an exaggerated dorsal lithotomy and pads around all joints and
extremities. In addition, a belt is placed around the chest to stabilize the patient and ensure the
patient's safety in the Trendelenburg position. A semilunar incision of a few centimeters is
then made periumbilically below the umbilicus. The abdominal wall is then carefully
dissected until the anterior fascia of the rectus abdominis muscle is reached, which is then
incised with electrocautery. The next step is to insert the index finger through the fascial
incision to create the initial preperitoneal space. A balloon dilator is placed under the anterior
fascia of the rectus abdominis muscle toward the pubic symphysis and approximately 400 ml
of air is pumped in each time to enlarge the preperitoneal working space. A single-point port
is then carefully inserted into the space using forceps. Kelly or Cadiere forceps may be used.
Appropriate hydration may be used during this process to minimize tissue trauma. Then, an
additional 8 mm or 12 mm port is placed in the right or left lower quadrant of the abdomen
[22,23]. As reported by K. Kim in his studies, two surgical tips can be used to more
effectively use the da Vinci SP system in surgery. First, the operation can be performed using
two positions of the robotic arm to ensure effective retraction. Depending on the primary
direction of retraction, the retraction arm (Cadiere forceps) is placed above (12 o'clock) or
below (6 o'clock), and the camera is placed in the opposite position. Second, the "floating
trocar" technique can be used to achieve flexibility in the distance between the trocar and the
target anatomy to triangulate the robotic arms [24]. Single-port technique using the same
concept and steps as in multi-port surgery, Marcio Covas Moschovas distinguished in his

work the individual steps of prostatectomy: stabilization of trocars, possible release of



adhesions, lowering of the bladder and access to the Retzius space, anterior dissection of the
bladder neck, dissection of the posterior bladder neck and access to the seminal vesicles,
nerve sparing (posterior approach and lateral dissection); control of the prostatic pedicle with
hem-o-lock clips, minimal apical dissection, control of the dorsal venous complex with the
use of a running suture and division of the urethra, posterior reconstruction and anastomosis,

lymphadenectomy [25, 26].

Evaluation of treatment effectiveness

The primary purpose of the da Vinci robotic-assisted single-port radical prostatectomy is to
maintain the benefits of minimally invasive surgery while maximizing: prostate cancer control,
continence (the ability to voluntarily control urine production), and erectile function (the
ability to achieve or maintain an erection during sexual activity). The minimally invasive
nature of the da Vinci robotic procedure provides several advantages that favor this type of
surgery. The use of a robotic system allows for greater precision during the procedure,
increased operator dexterity, three-dimensional imaging, and provides an ergonomic position
for the operating surgeon. The ergonomics of the robotic system allow experienced but aging
surgeons to improve and maintain their surgical skills. Therefore, it does not exclude and
encourages the development of all surgeons. Compared to an open radical prostatectomy,
which is performed through a 6-8 cm incision, the robotic-assisted single-port radical
prostatectomy requires two incisions ranging from just 5 to 12 mm in length. This is of great
importance both in terms of less traumatization of the skin and subcutaneous tissues, as well
as faster healing and better cosmetic effect for the patient [21]. This is confirmed by studies
taking into account the opinions of patients who prefer the minimally invasive nature of
robot-assisted radical prostatectomy over open radical prostatectomy due to smaller scars,
faster recovery and better perioperative results [27,28]. When assessing the quality and results
of the performed procedures, robot-assisted radical prostatectomy should be compared
separately with open and laparoscopic surgery. Comparison of robot-assisted radical
prostatectomy with open radical prostatectomy has shown shorter operative time, shorter
hospital stay, reduced blood loss and therefore fewer blood transfusions, reduced
complication and mortality rates and a lower risk of anastomotic strictures in favor of robot-
assisted prostatectomy [21]. Cancer control results seem to be similar, although studies with a
longer follow-up period are needed [29,30]. However, when comparing robot-assisted radical

prostatectomy with laparoscopic radical prostatectomy, there were equivocal results regarding



voiding and erectile function, no differences in health-related quality of life, no differences in
positive surgical margins or biochemical recurrence, no significant reduction in blood loss,
transfusion rate, catheterization time, or complication rate, and no significant reduction in
operative time or length of hospital stay [21]. It is also worth examining the disadvantages
and difficulties that arise with the use of the da Vinci robot. One of the disadvantages of the
robotic system is that while it assists the surgeon in precise tissue manipulation and allows for
greater precision and accuracy, the surgeon only experiences the visualization during the
operation. In contrast, in the case of laparoscopic and open radical prostatectomy, the surgeon
feels real contact with the tissues—their structure, hardness, susceptibility to damage. The use
of the da Vinci robot requires appropriately qualified personnel and more physical space in
the operating rooms. RARP has also been criticized for its high cost of equipment and
disposables that cannot be disinfected, and for its minimal, if any, oncologic or functional
benefits compared with open radical prostatectomy [31,32]. Further studies will be needed to

evaluate the potential benefits of this approach as well as functional and oncologic results [33].

Conclusions

Radical prostatectomy is increasingly being performed for the treatment of prostate cancer
patients, with the robotic approach accounting for the majority of procedures in the United
States and Europe. As a result, laparoscopic instruments and techniques are continually being
refined, as the ability to perform minimally invasive procedures is essential in modern
medicine. For example, the single-port da Vinci robotic system is playing an increasingly
important role in radical prostatectomy centers. It is increasingly replacing open radical
prostatectomies because of its many advantages, including reduced blood loss, fewer blood
transfusions and perioperative complications, reduced mortality, shorter hospital stay, more
stable anastomoses, improved cosmesis, reduced pain management requirements, and
improved operative visualization during critical stages of the procedure. However, when
comparing robotic surgery to laparoscopic surgery, there is no significant difference in favor
of the robotic procedure. It is also worth adding that operations with the da Vinci single-port
robot compared to traditional surgical methods, the da Vinci system is significantly more
expensive, requires appropriately qualified personnel and more physical space in operating
rooms. Further studies will be necessary to assess the functional and oncological results after

robotic radical prostatectomy.
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