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Abstract
The role of flexible ureteroscopy (FURS) in the management of nephrolithiasis has increased due to the improved armamen-
tarium. However, FURS still represents a challenging technique limiting its diffusion. Similar to previous experiences in 
laparoscopy, recently developed robotic devices may significantly compensate for the ergonomic deficiencies of FURS. Based 
on a short description of the history of robotic devices for laparoscopy, this article summarizes all current developments 
of robotic FURS. In 2008, robotic FURS was first reported using the Sensei–Magellan system designed for interventional 
cardiology. However, with this device the ureteroscope was only passively manipulated, which represented the main reason 
why this project has been discontinued after 18 clinical cases. Avicenna Roboflex™ was especially developed for FURS. It 
consists of a surgeon’s console and manipulator of a flexible ureterorenoscope. The console provides an adjustable seat with 
armrests and two manipulators of the endoscope: the right wheel enables deflection and the left horizontal joystick allows 
rotation as well as advancing and retracting the instrument. The speed of rotation and advancement can be regulated at the 
screen of the console. Using the IDEAL system for evaluation of new robotic devices, safety and efficacy of the system could 
be demonstrated in two multi-centric studies providing significant improved ergonomics for the surgeon (IDEAL stage 1 and 
2). Future studies are necessary to determine the final role of robotic FURS.
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Introduction

During the last decades, there has been a tremendous devel-
opment to replace open surgery by minimally invasive or 
even non-invasive surgery. This has been accomplished by 
a continuous improvement of video-endoscopy technology, 
implementation of physical principles and even the introduc-
tion of robot-assisted surgery [1–3]. In this article, we want 
to focus on actual developments of robot-assisted flexible 
ureteroscopy (FURS) in the management of urolithiasis [4, 

5]. Initially, extracorporeal shock wave lithotripsy domi-
nated therapeutic strategies replacing open surgery com-
pletely and decreasing the use of endourologic techniques, 
such as ureteroscopy and percutaneous nephrolithotomy. 
However, recently, especially retrograde intrarenal surgery 
has gained significant importance [6]. This was possible 
because of continuous improvements and miniaturization 
of the endourological armamentarium [7–13].

On the other side, retrograde intrarenal surgery (RIRS) 
is limited by ergonomic deficiencies during stone manipu-
lation, laser disintegration or extraction of fragments. The 
surgeon usually stands and has to control fluoroscopy and 
the laser device by foot pedals, while fixing the position 
of the endoscope with one hand and deflecting/rotating it 
with the other hand. At this stage, the assistant needs to 
insert the laser fibre or any accessory instrument for stone 
removal and activate it according to the surgeon’s demand 
(Table 1). During this process the surgeon and the assistant 
have a very limited working space. This becomes cumber-
some particularly when treating multiple stones or larger 
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renal calculi and may even lead to orthopaedic problems 
among urologists [14–16].

Based on positive experiences with master–slave sys-
tems in laparoscopic surgery, several groups focused on 
the usefulness of such devices for FURS trying to over-
come most of these methodological obstacles (Table 2) 
[17–23].

History of robotic devices for laparoscopic 
surgery

A first functional master–slave manipulator for surgery 
was introduced in 1991 based on studies of SRI Interna-
tional (Menlo Park, USA), who developed a robotic sys-
tem for open surgery that caught the interest of the Defense 
Advanced Research Project Agency (DARPA) due to its 

Table 1   Ergonomic requirements for classical flexible ureterorenoscopy (FURS) during intrarenal stone management

Operative manoeuvre Extremity used Action by

Insertion of ureteroscope Fingers of both hands (at glans and instrument) Surgeon
Deflection of ureteroscope Hand-holding hand piece

Thumb at handle
Fingers at meatus

Surgeon

Rotation of ureteroscope Hand-holding hand piece
Fingers of the other hand at meatus

Surgeon

Fluoroscopy Right foot (foot switch) Surgeon (radio technician)
Movement of table/C-arm Right foot (foot switch)

Hand (manually)
Radio technician (surgeon, assistant)

Irrigation
 By syringe Hand Nurse/assistant
 By mechanical device Foot Nurse/assistant (surgeon)
 By pump Finger activation (button) Nurse/technician

Laser lithotripsy
 Insertion of fibre Fingers at ureteroscope Nurse/assistant
 Laser settings Finger (button) Nurse/technician
 Activation Right foot (foot switch) Surgeon

Use of basket/grasper
 Insertion Fingers at ureteroscope Nurse/assistant
 Manipulation Hand and thumb Surgeon
 Closure Fingers at handle Nurse/assistant

Table 2   Comparison of ergonomic features of Sensei™ and Roboflex™

Functions Sensei Roboflex

Seat Adjustable saddle-type seat
No arm rest

Adjustable seat with integrated arm rest and foot pedal

Imaging Console (integrated)
Fluoroscopy and endoscopy image screens
Animation of position of catheter-tip (3D-navigation)

Console (integrated)
Endoscopy image screen
Animation of position of ureteroscope in collecting 

system
Insertion of ureteroscope Indirect insertion of inner sheath (scope glued to the 

sheath)
Fine-tunable by left joystick with numeric display of 

horizontal movement
Deflection of ureteroscope Indirect deflection by the inner sheath based on single 

joystick (omega-force dimension)
Fine-tunable deflection via wheel for right hand with 

display of grade and direction of deflection
Rotation of ureteroscope Indirect rotation by the inner sheath (scope glued to the 

sheath)
Fine-tunable by sophisticated left joystick

Irrigation No irrigation system included Integrated irrigation pump activated by touchscreen
Laser lithotripsy No function for laser fibre integrated Integrated control of laser-fibre by touchscreen

Activation by foot pedal
Use of basket/grasper No function for basket or grasper integrated No function for basket or grasper integrated
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potential to operate remotely on soldiers wounded in the 
battlefield [25, 26].

In 1994, Buess et al. [27] developed the ARTEMIS sys-
tem (German Nucelar Research Centre, Karlsruhe, Ger-
many) while successfully performing a telesurgical lapa-
roscopic cholecystectomy in the animal model (Fig. 1a). 
ARTEMIS consisted of the user station (master) and the 
instruments’ station (slave). Despite various promising 
experimental trials in abdominal and cardiac surgery, the 
device never made it beyond the experimental state.

Based on the voiced controlled camera-arm AESOP, the 
ZEUS system (Computer motion Inc., Goleta, CA, USA) has 
been developed and used for cardiac surgery and gynecolog-
ical procedures [28]. The ZEUS system (Fig. 1b) represented 
the combination of a control unit and three separate robotic 
arms mounted on the operating table. The most impressive 
demonstration with ZEUS was the transatlantic laparo-
scopic cholecystectomy (Lindbergh procedure) pioneered by 
Marescaux [29]. Following acquisition of Computer Motion 
by Intuitive Surgical in 2004, all further developments of 
ZEUS and AESOP were stopped.

The da Vinci Surgical system 2000 (Intuitive Surgi-
cal, Sunnyvale, United States) was also initially designed 
for robot-assisted coronary artery surgery [22]. In 2000, 
Binder pioneered the first robot-assisted radical prostatec-
tomy followed by other European groups [31, 32]. In 2001, 
Menon et al. achieved the breakthrough in urologic surgery 
establishing a full-working clinical program [33]. Da Vinci 
provided a closed console offering a 3D-CCD video system 
with in-line view (Fig. 1c) and addressed most ergonomic 

problems of classical laparoscopy, such as limited depth 
perception, eye-hand coordination, and range of motion by 
introducing the Endo-wristTM-technology. The cable-driven 
instruments with up to seven DOF and loop-like handles 
enabled an ergonomic working position [24]. In the last 
decade, the company introduced further elaborated systems, 
such as Da Vinci SI, X, and XI (Fig. 1d).

There are currently various alternative systems under 
development including Telelap ALF X/Senhance (Transen-
terix, Morrisville, USA), Avatera (Avateramedical, Jena, 
Germany), Einstein (Medtronic, Dublin, Ireland), Revo I 
(Meercompany, Seoul, Korea). The near future will show, 
how they can compete [2, 3].

History of master–slave systems for flexible 
ureteroscopy

In 2008, robotic FURS was first reported in 18 patients using 
the Sensei–Magellan system (Hansen Medical, Mountain 
View, USA), which was designed for cardiology and angi-
ography by Fred Moll, the inventor of the da Vinci system 
(Table 3) [18, 19, 34]. The device consists of four compo-
nents: surgeon’s console, flexible catheter system, remote 
catheter manipulation system, and electronic rack containing 
computer hardware, power supplies and video distribution 
units (Fig. 2a). The robotic flexible catheter system con-
sists of an outer catheter sheath (14/12F) and inner catheter 
guide (12/10F). A 7.5F fibre-optic flexible ureteroscope 
was inserted through the inner catheter guide. Remote 

Fig. 1   Overview of historical 
development of robotic devices 
for laparoscopic surgery. ARTE-
MIS: First master–slave system 
used experimentally (G. Buess, 
German Nuclear Research Cen-
tre, Karlsuhe, Germany). Open 
console. ZEUS: First clinically 
used robotic system for laparo-
scopic coronary artery revascu-
larization. Open console, only 
5 degrees of freedom (DOF). 
DA VINCI S: 2nd generation 
robotic system mainly used for 
urologic laparoscopic surgery 
(Intuitive Surgical, Menlo Park, 
United States), Closed Console, 
7 DOF. DA VINCI XI: last 
generation of robotic system for 
interdisciplinary use, telescope 
can be inserted via every port 
access
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manipulation of the catheter system manoeuvres the uret-
eroscope tip, which was glued in place to the inner guide 
(Fig. 2b). The tip of the outer sheath was positioned at the 
ureteropelvic junction to stabilize intrarenal navigation of 
the inner guide (Fig. 2c). Conclusively, the ureteroscope was 
manipulated only passively, which proved to be a problem. 
Evidently, the robotic arm was mainly designed for inter-
ventional radiology (Fig. 2d). Consecutively, the project has 
been discontinued.

Since 2010, ELMED (Ankara, Turkey) has been working 
on a robot specifically designed for FURS [20]. Roboflex™ 
Avicenna was continuously developed to provide all necessary 
functions for FURS. The prototype consisted of a small con-
sole with an integrated flat-screen and two joysticks to move 
the endoscope, which is held by the hand-piece (manipulator) 

of the robotic arm (Fig. 3a). In the meantime, several signifi-
cant improvements have been accomplished including size 
and quality of the function screen, the design of the joysticks 
to control rotation and deflection of endoscope, the fine-
adjustment of deflection of endoscope, and range of rotation 
of the manipulator (Table 2; Fig. 3b, c). Actually, Roboflex™ 
Avicenna represents the only robot, especially developed for 
FURS [21, 23]. The device has CE-mark since 2013, and 
FDA-approval is pending.

Table 3   Comparison of clinical studies of robotic flexible ureteroscopy

n.a. = not available

Parameters Desai et al. [19] Saglam et al. [21] Geavlete et al. [23] Klein et al. [37]

Robotic device Sensei (Hansen-Medical) Roboflex—prototype 2 
(ELMED)

Roboflex—proto-
type 2 (ELMED)

Roboflex—final design 
(ELMED)

No. of patients 18 (12 males) 81 (56 males) 67 (27 males) 266 (176 males)
Stone size 10 (5–15) mm 13 (5–30) mm 21 (11–36) mm 14 (5–30) mm
Multiple stones 3 (16.7%) 52 (64.2%) 23 (34.3%) 192 (72.2%)
Total operating time 91 (60–130) min 74 (40–182) min 51 (38–103) min 96 (59–193) min
Robot docking 7 (4–18) min 1 (0.5–2) min n.a. 4 (1–29) min
Console time 41 (21–70) min 53 (23–153) min 37 (27–86) min 65 (16–174) min
Stone localisation 9 (1–36) min 4 (2–8) min n.a. 4 (1–12) min
Intraoperative complications 0 1 (1.2%) failure of device 0% 2 (0.7%) failures of device
Complete stone disintegration 17 (94.4%) 79 (96.2%) 65 (98.5%) 258 (96.9%)

Fig. 2   Sensei–Magellan system 
(Hansen Medical, Mountain 
View, United States). Overview 
of the master–slave system 
designed for angiography and 
transvascular cardiologic inter-
ventions. Open console with 
the joystick (ForceDimension, 
Nyon, Switzerland), analog 
endoscopic and fluoroscopic 
image during robotic flex-
ible ueretroscopy (M. Desai, 
Department of Urology, 
Cleveland Clinic, Cleveland, 
United States). Demonstration 
of deflection of inner catheter 
by the joystick at the console. 
Robotic arm covered with 
sterile drape mounted to the 
operating table
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Clinical experience with Roboflex™ Avicenna

Final design of the device

The robot consists of the surgeon’s console and the robotic 
arm with the manipulator of the flexible ureterorenoscope. 
The height of the robotic arm can be adjusted according 
to the patient’s size. The manipulator drives the flexible 
ureteroscope using its own mechanics. For this purpose the 
hand-piece of scope is directly attached to the master plate of 
the manipulator. Micro-motors move the steering lever of the 
hand-piece for deflection (Fig. 3d). Additionally, the robotic 
arm enables bilateral rotation, advancement and retraction. 
Actually, three exchangeable master plates are available for 
different flexible digital ureteroscopes (Karl Storz Flex X2; 
Olympus URF-V2; Wolf Cobra digital).

All functions of the robotic arm are controlled at the con-
sole, which provides an integrated adjustable seat with two 
armrests and two foot-pedals for activation of fluoroscopy 
and the laser-lithotripter via a pneumatic pedal-controller. 
The control panel at the console is used by touchscreen func-
tions. The integrated HD-monitor displays the endoscopic 
image and all information about the position of the uretero-
scope in the kidney (Fig. 3c). Basically all manoeuvres to 
navigate the flexible endoscope can be fine-tuned, such as 
horizontal movement (insertion/retraction) with a range of 

150 mm, bilateral rotation (220° to each side) and deflec-
tion of the scope (262° to each side). For this purpose the 
left hand controls a specifically developed horizontal joy-
stick, whereas the right hand uses a wheel for deflection. All 
numeric parameters of endoscope navigation are displayed. 
The deflection can be adjusted to European respectively US-
settings. Additionally, the infusion speed of the irrigation 
fluid can be adjusted together with a motorized insertion and 
retraction of the laser fibre.

Operative technique

We perform robotic FURS by use of a 12/14F access sheath 
with hydrophilic coating (35–45–55 cm; Flexor, Cook-
Medical, Daniels Way, USA) enabling placement of a 
safety guide-wire (Expert Nitinol wire 0.35i x 150 cm, IMP, 
Karlsruhe, Germany). The access sheath should be placed 
1 cm below the UPJ. The ureteroscope is inserted manually 
into the access sheath and fixed by the two stabilizers of the 
robotic arm (Fig. 3d). For this purpose, the robotic arm is 
covered by a sterile plastic drape. Fluoroscopy is used when 
necessary to determine the actual localization of the stone 
and instrument (Fig. 4). Once the endoscope has reached 
the renal pelvis, the scope needs to be positioned according 
to the axis of the kidney. Then, a systematic inspection of 
the entire collecting system can be carried out. When the 

Fig. 3   Avicenna Roboflex system (ELMED, Ankara, Turkey). Proto-
type with small console providing two clumsy manipulators to steer 
the movement of the flexible ureteroscope (R. Saglam, Ankara, Tur-
key). Small monitor with analog endoscopic image. Final design of 
the console with sophisticated left-hand joystick (rotation, insertion) 
and fine-tuned right-hand wheel (deflection). Touchscreen functions 

for laser activation, irrigation, and fine-tuning of movements. Robotic 
arm with digital flexible ureteroscope (Flex XC, Karl Storz, Tuttlin-
gen, Germany) fixed in the platform and supported by two stabiliz-
ers before entering the access sheath. Integrated screen with display 
of digital endoscopic image and graphic information about axis and 
deflection of endoscope
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stone is visualized, the endoscope needs to be retracted and 
straightened slightly (< 70°) to allow safe insertion of the 
laser fibre. Optionally Roboflex™ provides a memory func-
tion to guide the scope to its previous place once the laser 
fibre is inserted.

Any Holmium-YAG-laser can be used, but we recom-
mend a device, which allows application of higher fre-
quencies on low energy level such as Lumenis Pulse 120 
(Lumenis, Yokneam, Israel) or Sphinx Jr. (LISA laser prod-
ucts, Kaltenburg, Germany) with small-calibre laser fibres 
(200–270 µ-fibre; Slimline™, Rigifib™). Laser-induced lith-
otripsy is initiated aiming at pulverization (dusting) of the 
stone by meander-like movement of the tip of the laser-fibre 
in the range of millimetres (0.5 J, 15–20 Hz). The smaller 
fibre size allows sufficient bending of scope without deterio-
rating the efficacy of stone dusting respectively fragmenta-
tion (1.2 J, 10–15 Hz). Once fragmentation is progressing, 
increase of energy might be helpful to apply the “pop-corn-
effect” or better “Jacuzzi-effect” for fine disintegration of 
the fragments with a stable position of the laser fibre at the 
neck of the calyx.

If necessary, tip-less baskets or other forceps-like devices 
(Ngage™, Cook-Medical, Daniels Way, USA) for retrieval 
of fragments can be introduced. Once the fragment is 
entrapped, the robotic arm retracts the ureteroscope. At this 
step, the numeric demonstration of position of the tip of 
the endoscope along the horizontal axis is very helpful to 
anticipate, when the fragment will reach the access sheath. 
When the fragment is pulled into the access sheath, the 
assistant can disconnect the instrument from the distal sta-
bilizer and extract the stone. The endpoint of the treatment 
represents a stone-free status based on endoscopic inspection 

respectively remaining stone dust or fragments less than 
2 mm. Then, the access sheath is retrieved under endoscopic 
inspection and a double J-stent placed. We usually intro-
duce the stent with a string fixed to the Foley catheter to be 
extracted the following morning.

Clinical studies (Table 3)

For clinical introduction we followed the IDEAL system 
(idea, development, evaluation, assessment, long-term 
study) for the stages in surgical innovation [35, 36]. First 
studies with the prototypes in Ankara were able to proof 
safety of the device [20]. The next step represented a multi-
centric study, where seven experienced surgeons treated 81 
patients (mean age 42, range 6–68) with renal calculi (mean 
volume 1296 ± 544, range 432–3100 mm3) in an observa-
tional study (IDEAL stage 2) proctored by the same urolo-
gist (R.S.), who was involved in development and clinical 
introduction of the device [21]. In this study the positive 
impact of Roboflex™ on ergonomics could be verified by 
use of a validated questionnaire.

The efficacy of the device in a real-life scenario was 
evaluated in a multi-centric phase II-study at two Euro-
pean centres (Ankara, Heilbronn) collecting data from 266 
patients [37]. We could again prove safety and efficacy of 
the system, but when comparing our results with the ini-
tial study, the docking time of the robot was longer (4 vs. 
1 min), whereas time to visualize the stone was similar (4 
vs. 3.7 min). According to the larger stone volume (1620 
vs. 1300 mm3) the console time was longer (96 vs. 53 min), 
but we could successfully apply all modern techniques and 
protocols of FURS, such as laser dusting, using pop-corn/

Fig. 4   Fluoroscopic and endoscopic image during robot-assisted 
flexible ureterosopy. Fluoroscopy before and during the procedure 
(Siemens Lithoskop, Erlangen, Germany). The access sheath has to 
be positioned 1 cm below the ureteropelvic junction to minimize the 

risk of injury to the endoscope during deflection. Digital endoscopic 
image (3× magnification) during lithotripsy using dusting mode 
(0.5 J, 15 Hz)
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Jacuzzi-effect, and extraction of larger fragments [17]. In 
this setting, Avicenna Roboflex™ proved to be robust with 
only two cases of technical failure requiring conversion to 
classical FURS. The radiation exposure for the surgeon was 
significantly reduced. In conclusion, we were able to inte-
grate the device easily in our daily routine.

Recently, Geavlete et al. [23] presented a phase-3 study 
comparing robot-assisted vs. classical FURS in 132 patients. 
Treatment time (51 vs. 50 min.) and fragmentation time 
(37 vs. 39 min.) were similar, but stone-free rate (92.4 vs. 
0.89.4%) favoured the robotic approach (Table 3).

Discussion

During the last 15 years robot-assisted surgery has estab-
lished an irreversible role in urologic laparoscopic surgery 
[1–3]. In 2016, installations of da Vinci systems increased 
by 21% >2500 units, and robotic procedures leaped by 25% 
(> 450,000) mainly performed in urology, gynaecology and 
visceral surgery [38]. The main advantages of robot-assisted 
surgery concern significant improvement of ergonomics, 
which enabled widespread application of laparoscopic tech-
niques with acceptable learning curves. The use of robotic 
master-slave systems is not limited to laparoscopic surgery. 
There are other examples from gastroenterology, cardiology, 
interventional radiology, neurosurgery, and endourology [1, 
4, 34].

Similar to robot-assisted laparoscopic surgery, there has 
been a longer phase of development. The first clinical appli-
cation of robotic FURS tried to modify the Sensei–Magel-
lan system (Hansen Medical, Mountain View, USA), which 
was designed for cardiovascular procedures. The surgeon sits 
also in front of a console manipulating a steerable flexible 
tube usually used for transvascular intracardiac interventions 
(Fig. 2). The computer program to transform his movements 
to the end-effector has been developed by the same company 
as for laparoscopic robots (ForceDimension, Nyon, Switzer-
land). However, with the Sensei–Magellan system the ure-
teroscope could be only passively manipulated. This might 
be useful for transvascular robotic atrial fibrillation ablation, 
but it proved to be insufficient for robotic FURS [17–19, 34].

Since 2010, ELMED (Ankara, Turkey) is working on a 
master–slave system specifically designed for FURS [20]. 
The exchangeable master plates enable the use of differ-
ent kind of digital ureteroscopes. Also the use of any hol-
mium-YAG-laser is possible. Roboflex™ Avicenna was 
continuously improved to optimize all necessary functions 
for FURS. This seems to be comparable to the history of 
the da Vinci system, enabling seven degrees of freedom 
with easy-to-use handles consisting of loops for thumb and 
index finger (EndowristTM-technology). 3D-HD-imaging at 
a closed console with in-line-position of the hands, provide 

an immersion-like image. Moreover, the surgeon can acti-
vate mono- and bipolar coagulation by foot-pedals [1, 3]. 
For robot-assisted flexible ureteroscopy other technological 
features are of importance, such as chip-at-the-tip video-
technology of the digital endoscope, easy manipulation of 
the endoscope, and activation of laser and fluoroscopy. Par-
ticularly, the two joysticks enabling navigation of the uret-
eroscope have been significantly improved. Any necessary 
movement (insertion, retraction, rotation, deflection) can be 
fine-tuned according to the clinical situation. The range of 
rotation (210° in each direction = 420°) is beyond the human 
manual capabilities during classical FURS (maximal 120°). 
During robot-assisted deflection 10° of movement with the 
wheel results in 3° deflection of the tip compared to 60° 
when using manually the hand-piece of the same endoscope.

Surgical robots are mainly introduced to improve ergo-
nomics of minimally invasive surgery [1, 3, 16]. This may 
result in a shorter learning curve of the procedure, but also 
may impact its quality. One-third of urologists report on 
hand-wrist and other ergonomic problems during classical 
FURS [15, 16]. This was reflected by our recently published 
validated questionnaire (total score 5.6 vs. 31.3) comparing 
robot-assisted with classical FURS [21]. After only short 
introduction at the training model, all seven surgeons were 
able to perform robotic-assisted FURS safely in a reason-
able time frame compared to their own published series of 
classical FURS [39, 40]. Also in the second study involv-
ing more surgeons, the learning curve was short (maximal 
five cases). Retrograde intrarenal surgery is less complicated 
than laparoscopic radical prostatectomy, particularly in case 
of smaller stones (< 8 mm), which can be extracted directly 
by use of a Nitinol-basket. On the other side, the introduc-
tion of the device provides a non-exhausting environment for 
the surgeon. Based on this we were able to extent the indica-
tion of FURS/RIRS to larger intrarenal calculi (> 15 mm) 
resulting to a decrease of extracorporeal shock wave litho-
tripsy and percutaneous nephrolithotomy at our institution 
[37]. This is associated by a significant reduction of radia-
tion exposure to patients and surgeons [41, 42].

Suboptimal ergonomics may be one of the reasons for 
imperfect performance of FURS mainly in complicated 
cases resulting in the need of second sessions and fre-
quent repair of the endoscopes. Carey et al. [43] reported 
an 8.1% damage rate at a single tertiary centre with a 40 
to 48 uses before the initial repair of new flexible uret-
eroscopes. Main reason for repair was errant laser firing 
(36%) and excessive torque (28%). Theoretically, some 
features of Roboflex™ such as insertion of the laser fibre 
only in straight position of the endoscope using a memory 
function, step-wise motorized advancement of laser fibre 
and force-controlled deflection of scope should contribute 
to a longer life-time of ureterorenoscopes. However, in a 
real-life scenario there are several factors impacting the 
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life-time of an endoscope, such as inadequate handling 
during sterilization and cleaning of the instrument or tech-
nical failure of the chip. Not all of them can be avoided by 
use of the robot. Nevertheless, Roboflex™ proved to be 
very robust in clinical routing requiring only one exchange 
of the master plate after more than 300 cases.

Obviously, there is also some criticism against the use 
of a robot for FURS. This concerns unnecessary costs, a 
robotic hype, and the final efficacy of the device [22, 44]. 
The main strength of the robot is to facilitate stone disinte-
gration and extraction by improving the ergonomics com-
pared to classical FURS (Table 2). This is mainly accom-
plished by separating the surgeon at the console from the 
assistant at bed-side. Therefore, it is not surprising, that 
a recent in-vitro study using a simple model for endo-
scopic navigation did not show any significant differences 
between both techniques [22]. A possible limitation of the 
device may be the lack of tactile feedback. Similar to our 
experiences with Da Vinci-robot, lack of tactile feedback 
was not problematic during performance of robotic FURS 
mainly based on the superior image quality of the digital 
endoscope. However, similar to classical FURS one has 
to follow certain guide-lines: (1) we recommend to place 
a guide-wire parallel to the sheath, (2) the ureteroscope 
should not be preloaded with a laser fibre when entering 
the collecting system, and (3) the access sheath should 
be placed 1 cm below the UPJ (Fig. 4). The surgeon can 
always observe on the screen or console in which direction 
and how many degrees the endoscope is deflected. This 
has to be in accordance with the endoscopic image to mini-
mize the risk of damage to the mucosa and/or instrument.

Like with all surgical robots, there is the discussion 
about costs. Possible financial revenues for robotic systems 
include longer durability of the endoscope, shorter operat-
ing times, less secondary procedures. Actually there is no 
marketing-driven demand from patients as we experienced 
with the da Vinci system for radical prostatectomy. The 
ergonomic advantages and reduced radiation exposure for 
the surgeon should be considered, but similar to the other 
robotic systems have no financial impact [45].

Conclusions

Despite its increased application, FURS may represent a 
challenging technique particularly in complicated cases. 
Robotic systems have been developed and tested. Avi-
cenna Roboflex™ provides a suitable, safe, and robust 
platform for robotic FURS with significant improvement 
of ergonomics. Nevertheless, future studies are necessary 
to evaluate the final role of robotic FURS.
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