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Abstract: Over the past 20years, the field of robotic surgery has largely been dominated

by the da Vinci robotic platform. Nevertheless, numerous novel multiport robotic surgical
systems have been developed over the past decade, and some have recently been introduced
into clinical practice. This nonsystematic review aims to describe novel surgical robotic
systems, their individual designs, and their reported uses and clinical outcomes within the
field of urologic surgery. Specifically, we performed a comprehensive review of the literature
regarding the use of the Senhance robotic system, the CMR-Versius robotic system, and the
Hugo RAS in urologic procedures. Systems with fewer published uses are also described,
including the Avatera, Hintori, and Dexter. Notable features of each system are compared,
with a particular emphasis on factors differentiating each system from the da Vinci robotic

system.
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Introduction

Since the da Vinci™ robotic surgical system
(Intuitive Surgical, Sunnyvale, CA, USA) was
approved by the Food and Drug Administration
(FDA) in the United States in 2000, it has revo-
lutionized the field of minimally invasive surgery,
particularly in urology. Robotic surgery has dem-
onstrated improved outcomes, including
decreased blood loss and transfusion rate, shorter
length of hospital stay, and fewer complications
when compared with the traditional open or lapa-
roscopic approach.:? After radical prostatectomy,
which in the United States is now predominantly
performed robotically,?> continency and potency
rates are also significantly improved.? Robotic-
assisted surgery is more costly upfront than the
laparoscopic or open alternative, although the
decrease in complication rate and shorter length
of hospital stay is thought to offset the higher cost
at least partially.*>

As of the third quarter of 2022, there were 7364
da Vinci surgical systems installed worldwide,
an increase of 13% from 1-year prior.°
Procedures grew by approximately 20% in the
same year, resulting in a quarterly revenue of
$1.56billion.® Intuitive currently represents
approximately 80% of the global market share of
surgical robotics.” The high cost of purchase and
maintenance of the da Vinci robotic system,
however, remains a barrier for many hospitals,
both in the United States and worldwide. With
many of the initial patents filed by Intuitive
reaching the 20-year expiration,® there remains
opportunity for alternative options in robotic
surgery. In addition to cost, frequent criticisms
of the da Vinci system include difficult commu-
nication between surgeon and surgical team due
to the closed console system, lack of haptic feed-
back, rigidity of arm placement, and large size.°
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Figure 1. New multiport robotic surgical systems in urology: a temporal overview.

Nevertheless, numerous novel multiport robotic
surgical systems have been developed over the
past decade, and some have recently been intro-
duced into clinical practice (Figure 1). These new
technologies are likely to change the landscape of
robotic surgery in urology in the near future.l?
This nonsystematic review aims to provide a
comprehensive overview of all these recently
introduced robotic systems, their initial clinical
use and up to date outcomes in urologic surgery.

Methods

A literature review was performed in December
2022, and updated in March 2023, using the
PubMed search engine. Given the limited publi-
cations regarding most novel robotic systems, the
searches were kept broad. The search keywords
used included ‘Revo-I’ (n=17), ‘Senhance’
(n=171), ‘Senhance urology’ (n=15), ‘Versius’
(n=39), ‘Hugo ras’ (n=45), ‘avatera’ (n=9),
‘hinotori’ (=7), and ‘Dexter robotic’ (n=5).
Where applicable, the search results were
reviewed for publications that were specific to the
clinical outcomes of the robotic systems for uro-
logic surgical procedures. Original articles and
review articles written in the English language
were included. The Google search engine was
used for each respective system to access the offi-
cial device website.

Revo-i

The Revo-i robotic surgical system (Model MSR-
5000; Meere Company Inc., Yongin, Republic of
Korea) is a master-slave system consisting of a
closed console and a four-armed operation cart.!!
Use in humans was approved by the Korean FDA
in 2016.

After two initial preclinical reports,!%13 the Yonsei
Group used the Revo-i robotic system in a small
initial series of 17 patients to perform Retzius-
sparing radical prostatectomy.!4 Surgeons com-
pleted all cases without major complications and
displayed overall satisfaction with the system’s
convenience and operative times.

In a more recent work, the same group reported a
propensity score-matched comparison of Revo-i
(n=33) to the da Vinci Si in Retzius-sparing radi-
cal prostatectomy (nz=33).15 Surgeries performed
with the Revo-i robot showed a positive surgical
margin rate of 16% and a 6-month biochemical
recurrence rate of 4%. There were three minor
(Clavien—Dindo Grade I-II) postoperative com-
plications in each group and one Clavien—Dindo
grade IITA complication in the da Vinci group.
Revo-i cases had longer operative times and a
shorter length of stay compared with the da Vinci
group. Estimated blood loss, positive margin rate,
and complication rates were found to be similar
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in the two groups. In this same study, the authors
claim Revo-I may be more cost-effective by low-
ering the costs of instruments and maintenance
by 42% compared with the da Vinci system.!®

Senhance

The Senhance® robotic system (Asensus
Surgical, Durham, NC, USA), first introduced
in 2012 (previously known as TELELAP Alf-X),
was approved in Europe in 2014 and in the
United States in 2017. The system consists of an
open console and four separate, modular robotic
arms.1% It is designed to be compatible with tra-
ditional laparoscopic trocars and mimics laparo-
scopic style handles. Most instruments are
3-5mm in diameter and are reusable. The sys-
tem incorporates eye-tracking camera control
and haptic feedback to improve the surgeon’s
ability to sense pressure and tension thresh-
olds.1® Robotic docking time has been reported
to range from 3 to 10 min.17-18 With the ability to
incorporate laparoscopic instruments, the sys-
tem is potentially significantly less expensive to
maintain than the da Vinci. Most of the litera-
ture on this system has been in general surgery,!”
colorectal surgery,!® and gynecology.!® Several
studies on the use of Senhance, however, can be
found for a wide variety of urologic procedures
(Table 1).20-28

The most frequently reported procedure for
urology has been radical prostatectomy.
Kastelan ez al.?° described an initial series of 40
cases done using the extraperitoneal approach.
More recently, the same group reported
updated data on 70 cases.?! In addition, they
reported a study comparing extraperitoneal
Senhance-assisted radical prostatectomies with
the standard laparoscopic technique and found
no differences in operative time, blood loss,
positive surgical margins, length of stay, or
catheterization.??

Venckus ez al.?2?> published the largest series to
date, a prospective analysis of 127 patients who
underwent radical prostatectomies using the
Senhance robotic system. A pelvic lymph node
dissection was performed in 16.5% of these
patients, and a nerve sparing on at least one side
was performed in 29.1%. Both operative time and
blood loss decreased with increasing surgeon

experience. The positive margin rate in this series
was 33.9% (28.7% in pT2 and 57.9% in pT3),
which is slightly higher than the positive margin
rate that has been reported for standard robotic
and laparoscopic prostatectomy in high volume
centers.?* Fifteen patients (11.8%) experienced
complications.

Published data regarding the use of Senhance in
upper tract surgery is limited. One initial case
series of two radical nephrectomies was reported
by Kaneko er al.?> The two procedures were suc-
cessful without need for conversion or
complications.

Kastelan er al.?! described a series of 30 upper
urinary tract procedures, including 9 adrenal-
ectomies, 6 simple nephrectomies, 11 renal
cyst fenestrations, and 4 pyeloplasties. In this
series, there was one reported Clavien-Dindo
grade II complication (fever) and one grade
IIIb complication (bleeding). The same group
described a case series of 12 patients undergo-
ing adrenalectomy with the Senhance system
for benign adrenal conditions.2® Overall, out-
comes were favorable, with one patient requir-
ing reoperation for bleeding and one patient
requiring conversion to laparoscopy due to
adhesive perinephric fat.

In the uro-gynecology arena, Sassani ez al.?’
showed the feasibility of the sacrocolpopexy
procedure by reporting an initial series of 25
cases. Most patients had stage III and IV pro-
lapse. Mean operative time decreased as the
surgeons gained experience, and there were no
major intraoperative complications. At a
median follow-up of 16weeks, no subjective
recurrences or re-treatments were recorded.
Two patients required postoperative readmis-
sion. The same group also reported a compara-
tive cost analysis versus the da Vinci procedure.?8
Senhance cases had longer operative times by
approximately 30 min; however, on multivaria-
ble linear regression, total cost was $908.33
lower for Senhance when adjusting for other
variables.

Finally, the Senhance has been described in pedi-
atric urology as well, in which the ability to use
3 mm and articulating 5 mm instruments could be
of benefit.?°
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Table 1. Senhance® robotic system: reported clinical outcomes for urologic procedures.

Reference Institution Procedure Number Surgical outcomes? Oncologic and Postoperative
of cases functional outcomes complication
rates, %
Kastelan University Hospital ~ RP 70 EBL: 200ml; OT: 200min PSM rate: 25.7% Overall: 8.5
etal.? Zagreb (Croatia) LOS: 5days Continence rate: Major: 0
88.6%
Kulis etal.22 University Hospital 107 OT: 195min; EBL: 300ml PSM rate:28% Overall: 9.3
Zagreb (Croatia) LOS: 5days; Conversion  BR rate: 2% Major:1
to lap: 8.4% Continence rate:
79%
Venckus Klaipeda University 127 OT:180min; EBL: 250ml PSM rate: 33.9% Overall: 11.8
etal.?s (Lithuania) Major: 2.3
Kaneko Saitama Medical RN 2 Console time: 122- PSM rate: 0% Overall: 0
etal? University (Japan) 143 min
EBL: 3-50ml
Kastelan University Hospital Upper 30 OT: 160min; EBL: 30ml - Overall: 6
etal.? Zagreb (Croatia) urinary tract LOS: 4days Major: 3
procedures®
Knezevi¢ University Hospital ~ ADR 12 OT: 165min; Docking - Major: 8.3
etal.2 Zagreb (Croatia) time: 11.6 min; EBL:
47 ml
LOS: 4.5days;
Conversion to lap.:8.3%
Sassani University of SCP 25 OT (mean): 210.2 min; Anatomical Overall: 8
etal.? Pittsburgh (USA) EBL: 35ml recurrence without ~ Major: 4
subjective bother:
8%
Holzer et al.?? Klinikum Esslingen  Pyeloplasty 1 OT: 4.5h; LOS: 7days No recurrence Overall: 100
(Germany) Major: 0

ADR, adrenalectomy; BR, biochemical recurrence; EBL, estimated blood loss; LOS, length of stay; OT, operative time; PSM, positive surgical
margins; RN, radical nephrectomy; RP, radical prostatectomy; SCP, sacrocolpopexy.
aExpressed in median values unless otherwise indicated.
bIncluding radical nephrectomy, adrenalectomy, and renal cyst decortication.

Versius

The Versius robotic system (CMR, Cambridge,
UK) consists of an open console that can be
used in a sitting or standing position and three
or four individual bedside units.?® The device
controls are exclusively hand controlled, which
is another major difference compared with the
da Vinci console. Initial clinical series show-
ing the feasibility of minor or intermediate

gynecological and general surgery procedures
using this novel system was reported by Kelkar
et al.?! In urology, Thomas er al.?? reported the
first preclinical assessment of the Versius sys-
tem for renal and prostate procedures by testing
it in human cadavers and pig models. A few
clinical reports on the clinical use of Versius for
urologic applications have recently become
available (Table 2).
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Table 2. Versius™ robotic system: reported clinical outcomes for urologic procedures.

Reference Institution Procedure Number Key outcomes? Postoperative
of cases complication rates, %
Reeves Guy’'s and St RP 4 0T: 335min; PSM rate: 0% Overall: 10
etal% Thomas’ 1-week continence rate: 50% Major: 0
(UK] Pyeloplasty OT: 157 min
Nephrectomy OT: 156 min; Path: 1 benign, 1 RCC with
negative margins
Adrenalectomy 1 OT: 152min
Hussein Sindh Institute MultipleP 106 EBL: 123 ml; OT: 150 min; LOS: 3days Major: 8
et al.34 (Pakistan) Transfusion rate: 24%; conversion to
& open: 5.6%; malfunction:1.8%
Roswell Park
(USA)
Rocco etal.® ASST Santi Paolo RP 1 Console time: 130 min; LOS: 3days; None
and Carlo (Italy) negative margins
Gaia et al.3 Colposacropexy 1 OT: 75min; LOS: 2days None

EBL, estimated blood loss; LOS, length of stay; OT, operative time; PSM, positive surgical margin; RCC, renal cell carcinoma; RP, radical

prostatectomy.
aExpressed in median values unless otherwise indicated.

bIncluding adrenalectomy (n=4), pyeloplasty (9], radical nephrectomy (10}, renal cyst unroofing (3), simple nephrectomy (42), pyeloplasty
and ureterolithotomy (11), radical cystectomy (1), simple prostatectomy (9], ureteral reimplants (2], varicocelectomy (3], and pyelo/uretero/

cystolithotomy (17).

Rocco eral? reported the successful use of
Versius for radical prostatectomy. Docking time
was 30 min, console time was 130 min, and intra-
operative disruption was limited to an alarming
due to collision between the trocar and the
patient’s skin. The patient’s course was unevent-
ful. The same group also reported a colposac-
ropexy case.3%

Reeves er al.33 reported 10 cases performed in the
United Kingdom, including 4 radical prostatecto-
mies, 2 radical nephrectomies, 3 pyeloplasties,
and 1 adrenalectomy. Preoperative training
included 6 h of virtual reality training for surgeons
and dry and cadaveric laboratories for the entire
surgical team. There were no incidences of con-
version or major complications. One prostatec-
tomy patient experienced a urine leak requiring
delayed catheter removal.

A larger series was reported by investigators from
Sindh Institute of Urology and Transplantation
in Pakistan and Roswell Park Comprehensive
Cancer Center.?* A total of 106 procedures
were done in total for both benign and malignant

disorders of the upper tract and pelvic/lower uri-
nary tract. Six of these procedures required con-
version to open, and malfunction of the robotic
arms occurred in two. A major postoperative
complication was recorded in eight patients
(7.5%). A matched analysis of various procedures
using the Versius versus standard da Vinci proce-
dures showed no significant difference in periop-
erative outcomes. Overall, surgeons and bedside
assistants endorsed that when compared with the
da Vinci system, communication between the
surgeon and the assistants felt easier due to the
open console design. They did, however, report
more frequent arm collisions than typically expe-
rienced with the da Vinci.

Hugo

The Hugo RAS™ gsystem (Medtronic,
Minneapolis, MN, USA) includes an open con-
sole with two arm-controllers used with a pistol-
like grip, and a footswitch that is used to control
the camera, energy source, and reserve arm.3*
There are four independent arm carts, each of
which has six joints to increase range of motion. It
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incorporates head tracking technology via specific
three-dimensional (3D) glasses.3” The first clini-
cal case took place in 2021 in Chile,3® and the
system was approved for use in the European
Economic Area (EEA) for gynecological and uro-
logical procedures in 2022, although it has not yet
received FDA approval in the United States.3”

Most clinical series with the Hugo system were
reported over the past year (Table 3). The initial
series was done in India and reported by Ragavan
and Mottrie.?® A total of seven cases were per-
formed, including radical prostatectomy (n=23),
simple prostatectomy (z=1), radical nephrec-
tomy (z=1), and simple nephrectomy (n=2).
There were no intraoperative or postoperative
complications. Bravi ez al.%° later reported an ini-
tial radical prostatectomy series of five cases in
Belgium. All procedures were completed without
need for conversion or placement of additional
ports, and no failure of the system was recorded.
One patient experienced acute urinary retention
requiring  re-catheterization (Clavien—Dindo
grade II). Another initial small series of 7 cases
was reported by Totaro ez al.,*! and no major sys-
tem faults were observed. A nonrandomized
study comparing radical prostatectomy outcomes
between the Hugo RAS and the da Vinci system
found no differences in total operative time or
console time.#? The authors note that while the
docking process was longer with the Hugo RAS,
the independent arms allow for better flexibility
and more working space for the bedside
assistant.

Mottaran et al.*? reported a simple prostatectomy
using the Hugo RAS in a 72-year-old male with a
prostate volume of 155 g. Docking, operative, and
console times were 9, 150, and 120min, respec-
tively. There was no need for conversion or place-
ment of additional ports, and no postoperative
complications occurred. The postoperative uro-
flowmetry revealed a maximum flow of 26.2 ml/s,
without postvoid residual volume. The same
group also reported a series of five cases of
sacrocolpopexy.#

Gallioli ez al.#> published a series of 10 patients
who underwent robotic-assisted partial nephrec-
tomy using the Hugo system. One case required
conversion to laparoscopy, and the patient later
required selective arterial embolization after
developing a bleeding pseudoaneurysm (Clavien—
Dindo IIla). There were no other reported

complications. Median lesion size was 3cm,
median length of stay was 4 days, and no positive
surgical margins were reported. Elorrieta er al.4®
described the use of the Hugo system in five non-
oncological urologic diseases, including ureteral
reimplant (z=2), simple nephrectomy, pyelo-
plasty, and ureterolithotomy There were no post-
operative complications, intraoperative
instrument clashes, or system failures.

Finally, the Hugo system has been described in a
series of five adrenalectomies, with a median
lesion size of 3.9cm (range=3.0-9.0cm).%’
Preoperative diagnoses included Cushing’s syn-
drome (n=3), adrenal cystic lesion, and pheo-
chromocytoma. No intraoperative complications
or conversions to alternative modalities were
reported.

The Expand URO US clinical trial is currently
being conducted pursuant to an investigational
device exemption (IDE) from the US FDA. The
first patient was enrolled in December 2022 and
up to 122 patients will be enrolled in 6 US
centers.48

Avatera

The Avatera (Avateramedical, Jena, Germany)
consists of a console unit with an eyepiece that
allows the surgeon’s mouth and ears to be uncov-
ered and a robotic cart with four robotic arms.*° It
uses 5 mm working instruments with 7 df (degrees
of freedom) range of motion that are fully dispos-
able. It was introduced in clinical practice in
Germany in 2022.5°

While no clinical series have been published to
date, feasibility studies of robot-assisted radical
nephrectomy and radical cystectomy with ileal
neobladder using this novel system in a porcine
model were recently published.?1:52 In an SWOT
(strengths, weaknesses, opportunities, threats)
analysis looking at the projected market costs of
this system, Liatsikos ez al.>3 calculated that the
elimination of sterilization costs of instruments
could potentially translate into a cost reduction of
€800-900 for a standard radical prostatectomy in
Greece.

Hinotori
The Hinotori robotic system (Medicaroid, Kobe,
Hyogo, Japan) consists of a patient cart with four
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Table 3. Hugo RAS™: reported clinical outcomes for urologic procedures.

Reference

Institution

Procedure (number of cases)

Key outcomes?

Complication rate

Ragavan et al.3?

Bravi et al.40

Ragavan et al.#2

Mottaran et al.43

Mottaran et al.44

Gallioli et al.%5

Elorrieta et al.%®

Raffaelli et al.4”

Apollo Hospitals
(India)

Orsi Academy
OLV Hospital
(Belgium)

Orsi Academy
OLV Hospital
(Belgium)

Apollo Hospitals
(India)

Orsi Academy
OLV Hospital
(Belgium)

Orsi Academy
OLV Hospital
(Belgium)

Puigvert
(Spain)

Finis Terrae
University (Chile)

Policlinico Gemelli
Rome (ltaly)

RP (3)
Simple nephrectomy (2)

Simple prostatectomy (1)

Radical nephrectomy (1)

RP (5)

RP (17)

Simple prostatectomy (1)

Sacrocolpopexy (5)

Partial nephrectomy (10)

Ureteral reimplant (2]
Simple nephrectomy (1)
Pyeloplasty (1)
Ureterolithotomy (1)

Adrenalectomy (5)

OT: 184min, 110min
EBL: 100ml, 150 ml
LOS: 2days, 1day

OT: 176 min
EBL: 150 ml
LOS: 1day

OT: 90min
EBL: 400 ml
LOS: 3days

OT: 170 min
LOS: 3days
EBL: 400 ml

OT:210min

LOS: 1day

PSM rate: 23.5%

3-month continence: 100%

OT: 150 min
Uroflow: 26.2ml/s
PVR: 0

Docking time: 8 min
0T:130min
Console time: 80 min

Docking time: 8 min
Console time: 138 min
EBL: 90ml

LOS: 4days

Docking time: 8.5 min

OT: 150-257 min

Console time: 89-164min
LOS: 2-5days

Docking time: 5min
OT: 119 min
Console time: 55min
LOS: 2days

Overall: 0%

Overall: 20%
Major: 0%

None

10%

None

Overall: 20%
Major: 0%

EBL, estimated blood loss; LOS, length of stay; OT, operative time; PSM, positive surgical margin; PVR, post-void residual; RP, radical

prostatectomy.

aExpressed in median values unless otherwise indicated.

8-axis operation arms and an ergonomically
friendly semiclosed surgeon console.>* It boasts a
‘docking-free’ system, designed to reduce inter-
ference between arms and with the bedside assis-
tant. It is regulatory approved for use in Japan.

In the first report in the urology literature on the
Hinotori robot, the authors performed multiple
urologic procedures in both cadaver and porcine

models.>> In addition, radical prostatectomy was
performed on 30 live patients. Median console
time was 165 min, and there were four episodes of
equipment malfunction. There were four patients
with positive surgical margins and a 10% adverse
event rate. A more recent study described a series
of 30 patients undergoing robotic-assisted partial
nephrectomy using the Hintori robot.’® Both
intraperitoneal and retroperitoneal approaches
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were used. No conversion to alternative approach,
major perioperative complications, or positive
surgical margins were reported.

Dexter

Dexter® (Distalmotion, Lausanne, Switzerland)
features a mobile, adaptable open console that
allows surgeons to operate in a seated or standing
position.’” The surgeon remains sterile while
operating from the console, allowing them to
switch easily between laparoscopy and robotic
surgery. It uses 8 mm, single-use, fully articulated
instruments but is designed to be compatible with
all laparoscopic instruments and can be used with
any commercial laparoscopic tower. The first
urological surgeries, a radical and a simple prosta-
tectomy, were completed in Bern in June 2022.58

Discussion

Several robotic systems have come to the stage
over the past decade, some of which are approved
for clinical use, although none of them are yet
available on a worldwide scale. Each of these sys-
tems presents key features that were conceived to
address the technical or cost limitations of the da
Vinci platform (Table 4). While awaiting wide-
spread implementation of these systems, several
centers are paving the way to demonstrate their
safety and clinical applicability for a variety of
surgical procedures. Differently to the da Vinci,
which was a predominately urology-based system
when it was initially introduced for clinical use,
other surgical specialties are heavily involved in
initial use of these novel robotic systems.

When examining the current evidence in terms of
clinical cases among these new systems, the larg-
est number of urology procedures (>200) has
been reported with the Senhance, which is being
proposed as a form of ‘digital’ rather than ‘robot-
assisted’, laparoscopy. The Versius system has
been described in a variety of clinical cases for dif-
ferent indications, with largely good clinical out-
comes. Evidence is building on Hugo, with less
than 50 reported urology cases, and Hinotori,
with at least 30 reported cases. Evidence on other
systems, such as Avatera and Dexter, remains
anecdotal at best.

When comparing the novel robotic systems to the
current state of the da Vinci system, several fac-
tors must be considered. Since its initial approval

in 2000, there have been four generations of the
multiarm da Vinci system: the 2000, S, Si, and
Xi.5% The robotic platforms discussed in this
review are at their first generation, and it is fore-
seeable that they will be improved and optimized.
There has also been the recent introduction of the
da Vinci single port (SP) robotic system, which
was FDA approved for use in late 2018. It differs
from the traditional robotic systems in that all
instruments and the camera enter through a sin-
gle point of entry, which may translate into
reduced invasiveness and improved postoperative
recovery.%? The SP system is currently available in
the United States, Korea, and Japan; intuitive
reported 99 installed SP robot systems as of 31
December 2021.%1 It remains to be determined
what impact this system will have in the robotic
market as it becomes globally available. An
in-depth analysis of the SP is outside the scope of
the present review.

A large-limiting factor to implementation of the
da Vinci, particularly in resource poor settings, is
cost. The reported cost of the da Vinci system is
variable, including acquisition of the system,
annual maintenance, and per-procedure instru-
ment and accessory cost.2 While it is often cited
that the lower complication rate and shorter hos-
pital stay offset the high cost of robotic proce-
dures, the data supporting this assertation is
variable.%%3 Certain novel robotic systems aim to
offer lower cost options; the Revo-i system claims
a 42% cost reduction when compared with the da
Vinci,!> while the Avatera’s use of single-use
instruments eliminates sterilization costs.>® The
Senhance system allows for incorporation of tra-
ditional laparoscopic instruments, which are less
costly than robotic instruments, and the system is
less expensive to maintain than the da Vinci.?3
While it is unlikely that many hospitals who have
already invested significantly in the da Vinci sys-
tem will purchase additional robotic systems, they
may be an option for health systems looking for a
cheaper alternative.

In addition to cost, other barriers exist to wide-
spread implementation of new robotic systems.
Surgeon comfort and skill with novel robotic sys-
tems will need to be developed, and the learning
curve for each system will be variable. With the
current interest in incorporating artificial intelli-
gence (Al) into medicine, the question of how
robotic technology can evolve remains to be seen.
Autonomous robotic surgery has been reported to
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Table 4. Notable features of novel multiport robotic
surgical systems.

System Notable features
Revo-i Closed master console
10mm 3D HD camera
Four arm system
Reduced cost per procedure
Reusable instruments (20 times)
Senhance Open console
Eye-tracking camera control
3D HD visualization
Haptic feedback
Standard reusable instruments
Ergonomic seating
Open platform architecture
Minimal learning curve
Versius Open console
Individual bedside units with
mounted arms
Small, lightweight and modular
design
Ergonomic console that allows
sitting or standing
Hugo Up to four independent arm carts
Open surgical console
3D glasses with head tracking
system
Tower compatible with pure
laparoscopy
Avatera Open console unit with slender
eyepiece
Disposable 5mm instruments
Hintori Semiclosed, ergonomic console
Docking-free system
Four 8-axis operation arms
Dexter Mobile, open console

Surgeon remains sterile
Compatible with traditional
laparoscopic instruments

HD, high definition.

be successful and by some criteria superior to
human skill,®* although this has yet to be tested
on human patients in any large-scale platform.
Telerobotic surgery, the ability to use robotic
instruments to perform a surgical procedure
remotely, is also of interest and may be key in
bringing robotic technology to remote areas in
which no qualified surgeons exist. Successful
implementation of telerobotic surgery has been
described, including a renal cyst ablation
between Baltimore and Munich in 2002.%

Recently, telerobotic robotic gastrectomy cases
were successfully completed in porcine models in
Japan using the Hintori robot.%6 These cases were
completed by two centers approximately 30 km
apart and exhibited a latency time of 125ms.
Despite these advances, telerobotic surgery faces
numerous barriers, including legal concerns, the
need for a reliable, high-speed network, latency,
and cyber security threats.%?

Conclusion

The da Vinci system has dominated the field of
robotic surgery since its approval in 2000, but the
competition and diversity within the field appears
to be growing. Despite its widespread success, the
da Vinci does leave room for alternatives, namely,
with features such as an open console, modular-
ity, compatibility with traditional instruments,
reduced size, and reduced costs. As clinical expe-
rience matures and technology evolves, the role of
these novel systems in the different surgical fields
and different types of healthcare systems will be
better defined. There is a significant burden on
medical device companies to prove safety and
efficacy before widespread adaptation can be
achieved and given the dominance of the da Vinci
system in the United States in particular, com-
petitors face an uphill battle. Regardless, it is
imperative that urologists stay informed about
emerging technology, and their clinical use as the
robotic surgical system landscape becomes more
diverse.
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