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Abstract

ROSES, an innovative Robotic System for 
Endovascular Surgery, features a unique 
mechanism that continuously measures the 
resistance encountered by catheters and guide 
wires as they advance within the body. This 
feature operates seamlessly without the need for 
additional specialized components. The system 
is comprised of a series of robotic actuators (up 
to three) arranged linearly on slides running 
along a rail, inclined toward the patient. Another 
slide, housing a pair of step motors, facilitates 
the adjustment of relative positions between the 
actuators, with the proximal actuator affixed 
to the motor slide by a lateral bar. A force 
transducer, linked to the motor slide via a wire, 
is responsive to the gravitational component of 
any object on the rail. Importantly, this force 
remains constant even as the actuators move. 
However, the force dynamically changes if an 
external obstruction hinders the progress of 
catheters and guide wires, serving as an alert to 
the attending physician. The system, uniquely, 

is also capable of guiding the introduction of 
the first catheter, even if it is pre-curved. This 
capability facilitates the complete separation 
of the doctor from the patient throughout the 
entire surgical procedure. The system employs 
compact, purely mechanical disposables 
designed for a wide range of interventions 
utilizing commercially available catheters and 
guide wires, including angioplasty, brain and 
carotid surgery (for aneurysms or thrombi), 
TAVI, and various lower and upper limb 
procedures. Future developments include the 
incorporation of animated catheters capable 
of altering their shape configuration under 
console control. As the system also records the 
penetration length of each device and transmits 
this data to a workstation along with X-ray 
images, it effectively becomes the “black box” 
of endovascular surgeries. This functionality 
allows for a complete separation between 
physicians and patients throughout the entire 
surgical procedure. The system is safeguarded 
by multiple pending international patent 
applications.
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Introduction

Minimally invasive surgeries, such as 
laparoscopy, orthopedic, or spine procedures 
[1-5], can significantly benefit patients by 
reducing the risks associated with surgery, 
accelerating their recovery, and consequently 
lowering overall costs. Robots play a significant 
role in almost every sector within this field [6-
10], but surprisingly, they are seldom utilized 
in endovascular surgery. This can be attributed 
to a series of challenges, including high costs, 
and a limited availability of robots, which are 
often designed for specific applications. For 
example, the CorPath system by Corindus [11-
16] and Robocath [17] is primarily intended for 
angioplasty, and the Magellan system by Hansen 
Medical [18-21] is designed for endovascular 
surgery. A novel biomimetic system [22] was 
recently presented, not yet present on the 
market, that reproduces the motion of the arms 
and hands of the doctors during the surgery, 
but, honestly, it seems much more cumbersome 
than our system. On the other hand, the 
advancements in fluoroscopic systems, which 
have significantly reduced radiation exposure 
while also enhancing image quality, have 
partially mitigated the risks of ionization, 
though these risks remain a concern [23-31]. 
Furthermore, the specialized aprons provide 
extensive coverage for the doctor’s body, with 
the exception of their hands, yet these aprons 
are quite heavy and can lead to spine problems 
[32-34].

Conversely, doctors often believe that manually 
manipulating catheters can achieve better 
results. They overlook the fact that robotic 
systems like ours provide quantitative force 
measurements and can accurately record the 
extent of catheter advancement—an aspect they 
may not be able to assess. This capability even 
enables them to measure stenosis length before 
selecting the appropriate stent. As a result, 
their adoption remains relatively limited, as 
highlighted by Fichtinger et al. in a compelling 
paper [35].

Another reference [36] observes that nearly all 
of these robotic systems fall into the master-
slave category and lack the capability to 
function autonomously. While this observation 
is accurate, it’s worth noting that even a highly 
skilled slave can provide information that 
the operator cannot deduce solely through 
manual dexterity, unless it’s done in a rough 
approximation. Our system is already equipped 
to deliver such information. Furthermore, the 
notion of operating within the brain to remove 
thrombi or address aneurysms undoubtedly 
necessitates increased ionizing radiation, 
which becomes unmanageable without the 
implementation of a system that maintains 
a physical separation between doctors and 
patients.

Additionally, CorPath and Robocath utilize 
disposables that are notably large in size and 
house both the motors for controlling catheter 
and guide wire movements, as well as the 
force sensor, if necessary. In contrast, ROSES 
disposables are straightforward mechanical 
devices, with the motors housed within the 
robotic actuator, and a single fixed-position 
force sensor that collects all the necessary data.

While our system has been discussed in five 
previous articles [37-42], this one is primarily 
dedicated to summarizing the compelling 
reasons why ROSES represents a revolutionary 
advancement in the field. It commences with 
its readiness for a wide range of interventions 
using a single system, consequently 
reducing acquisition costs for those seeking 
comprehensive preparedness. It proceeds with 
the capacity to maintain a physical separation 
between doctors and patients throughout the 
entire process and culminates with its potential to 
serve as a central component of a comprehensive 
record for all endovascular surgeries. The 
following sections will detail the components of 
ROSES, highlighting the fundamental aspects 
that drive this revolutionary advancement. It’s 
important to note that ROSES is safeguarded 
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by a series of international applications on 
its path to becoming patented [43-46], which 
significantly deter any attempts at replication 
without potential infringement.

The Robotic Actuators

The foundation of the robotic actuators consists 
of a gear train, which comprises a primary gear. 
This primary gear, combined with a second 
disk firmly affixed to it, forms a rotating frame. 
Within this frame, one or two hollow gears 
featuring internal toothing, are interposed, and 
they are separated by ball bearings to maintain 
proper alignment. Planetary gears, engaging 
with the internal toothing of the hollow gears, 
are affixed to shafts emerging from either the 
main gear or the corresponding rotating disk. 
These shafts are further equipped with bevel 
gears or faceted shafts to transmit motion. The 
gear train is additionally stabilized by three 
shafts positioned at 120° intervals, each holding 
external idle gears to contribute to system 
stability. An external motor, assigned to each 
gear within the train, facilitates the necessary 
motion transmission through a combination 
of bevel and spur gears. It’s evident that when 
the main gear rotates, in order to maintain 
the position of the secondary shafts, all gears 
must rotate at the same speed. Building upon 

this foundation, robotic actuators (RA) were 
generated with two, three, five, and six motors 
by stacking two gear trains for RA5 and RA6. 
The shafts coming out of the system are then 
used to drive the disposables, which are inserted 
into the central sterile passage, 36 mm wide. In 
one case, a special two-motor RA presents the 
disposable inside the gear train to save space, 
and this is used as a proximal RA, called RA2. 
Figure 1 shows the internal arrangement of a 
robotic actuator with three motors seen from 
the top, with the final disk eliminated in order to 
show the internal mechanisms of the first gear 
train. On the side, the version with 5 motors in 
construction obtained simply widening the base 
plate. Figure 2 represents a transversal section 
of the gear train of the 5 motors RA, evidencing 
the presence of the two superimposed gear 
trains and how the motion to the various 
gears is transmitted from the motors. Notice, 
however, that no motors are posed in opposition 
with respect to the gear train, so the motor 
representation is not a true section, since the 
real motor’s positions are represented in Figure 
1. In any event, the motor’s portions on the two 
sides show how the transmission to the train 
is organized. All this is protected by various 
patent applications, quoting a PCT for all other 
applications [43].

Figure 1) View from the top of the bases of the RA3 and of RA5.
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The Force Measuring System 
Coupled to the Robotic Cart

The Robotic Cart (RC) with an integrated force 
measuring system consists of a bar inclined 
towards the patient, which is topped by a rail. 
Three or four slides are mounted on this rail, 
with each slide accommodating a Robotic 
Actuator (RA) for the first two or three slides. 
The last slide houses the motors responsible for 
moving the second or third RA via belts, while 
the first RA is fixed to the motors by a lateral bar. 
The slide supporting the motors is connected 
by a wire to the force measuring system, 
which, due to the slight inclination of the bar 
towards the patient, detects the gravitational 
(g) component of any object placed on the rail. 
As a result, if there is any movement within an 
RA or between different RAs, the gravitational 
component remains constant. However, the 
force measured can change only if there is 
resistance to the advancement of any element 
exiting the system, indicating that the system 
senses the forces exerted by the patient’s body 
against catheter penetration. Figure 3 provides 
a visual representation of this system. Note that 
three RA are aligned on the rail, allowing both 
to guide the first catheter introduction and then 
brain and carotid surgery, plus angioplasty, as 
will be clarified later. In fact, in this picture, 
RA5 is represented very close to RA2, which 
implies the fact that the introduction of the first 

catheter ended, reaching the point from which 
the real surgery has to start, and the first catheter 
is now inside the patient.

Further details on its functioning will be 
discussed in the context of the programs. This 
innovative system is protected by an Italian 
patent and a European patent application 
[45,46].

The Disposable for Standard 
Catheters and Guide Wires

The initial disposable design for the new RA 
was actually intended for the development of 
ROSINA (Robotic System for IntubAtion) 
[47]. This project was undertaken during 
the COVID-19 pandemic to maintain a safe 
separation between doctors and patients 
during intubation procedures. However, it was 
implemented somewhat late, as the protective 
anti-COVID suits were already performing 
well. Nevertheless, this effort was valuable as it 
laid the groundwork for the development of all 
subsequent disposables. It’s important to note 

Figure 3) Tre robotic cart after the introduction of the 
first catheter, ready for brain surgery.

Figure 2) Section of RA5 shows the two superimposed gear trains and the power inputs on both sides, only for two of 
the five motors.
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that up to that point, the Ras were featuring a 
sterile passage with a diameter of only 7 mm. 
The disposables used for angioplasty were 
considerably thinner and more flexible. This 
posed a challenge as if the torque applied to 
the disposable exceeded a certain threshold, it 
would result in the gears slipping with disruptive 
noise. Furthermore, it was recognized that to 
facilitate the future positioning of a catheter 
for Transcatheter Aortic Valve Implantation 
(TAVI), a request made by Professor Massetti, 
it was essential to remove the initial catheter 
while retaining the guide wire in place. For this 
purpose, the passage through the RA had to be 
kept sterile. The only viable solution was to 
segment the disposable into three components: 
a tube-like structure separating the disposable 
from the internal gears, along with upper 
and lower sections that could be disposed of 
separately. This design allowed for the removal 
of the disposable without the necessity of 
extracting what was already situated within the 
RA passage. As a result, a considerably sturdier 
disposable of the same length as the previous 
one was developed, but wider, with bevel gears 
teeth designed to eliminate lateral deformation 
and prevent teeth slipping. The key distinction 
between disposables for guide wires and 
catheters lies in the position of the bevel gear 
(on the left for catheters, on the right for guide 
wires) and the design of the friction wheels. 
Figure 4 illustrates an image of the disposable 
for larger catheters, featuring a screw at the top 
for pressure control. For normal-size catheters, 
ranging from 4 to 10 French, two springs enable 
automatic adjustment. Figure 5 shows the new 
upper element (cover, left) holding the rotating 
frame (right) pushed by springs and limited in 
excursion by a bar placed in the highest hole in 
the cover.

The Disposable for Angioplasty

In this configuration, bevel gears are located 
on both sides, and the design of the disposable 
component differs on each side. On the left side, 
four friction wheels are present, with the lower 
ones rotating in unison due to an idle gear that 
meshes with two spur gears positioned between 
the bevel gear and the friction wheel on the 
motorized shaft. These spur gears are aligned 
laterally with each other but not with the friction 
wheel. These are both surmounted by two small 
friction wheels that can freely rotate. On the wire 
side, there is an identical friction wheel as on the 
catheter side, which is motorized. Additionally, 
two more friction wheels are positioned to make 
contact with a larger radius friction wheel on 
the cover. This arrangement forces the wire to 
follow a double curvature, allowing torque to 
be transmitted to the thin wire used as a guide 
wire in angioplasty. Figure 6 provides a visual 
representation of the disposable CAD model, 
with the side wall being transparent to show the 
internal mechanisms.

Figure 4) The first edition of a disposable for big 
catheters, from which all the others derive.

Figure 5) The new spring-loaded cover for standard 
catheters and the relative frame holding the counterwheel.
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The Special Rotating Hemostasis Valve

While discussing the matter with Prof. De Rosa, 
we identified an issue in our previous model 
of the angioplasty disposable. Occasionally, 
problems with the guide wire rotation were 
encountered which appeared slow and hindered 
in its ability to turn around its axis. To address 
this issue, a solution was needed.

In the already-tested original system, both 
the catheter and guide wire were positioned 
on the same disposable, and they entered the 
hemostasis valve at the end of the disposable. 
However, in angioplasty, the guide wire is only 
internal to the catheter for a short distance near 
the catheter tip. As a result, in the first system, 
after entering the valve, once the catheter is 
advanced, the catheter and guide wire almost 
always have separate access points into the 
valve. The problem arose when we rotated the 
disposable while the valve remained fixed. This 
motion caused the guide wire to wrap around the 
catheter in the short region between the friction 
wheels and the valve. To overcome this issue, 
the idea came of using a valve that could rotate 
along with the disposable, as depicted in Figure 
7. It’s important to note that there is a significant 

change compared to previously published work. 
This valve, whose inner portion is similar to 
what is produced by other manufacturers, can 
now be adjusted to control the friction opposing 
the advancement of guides and catheters. This 
adjustment is achieved by rotating an element 
that moves closer to the fixed tube inside the 
valve, engaging with an inner threaded portion 
covering the silicon valve.

To prevent unintended adjustments during 
disposable rotation, a locking slider has been 
introduced in the valve.

To secure this setup, two different supports are 
utilized (Figure 8). The first support is fixed 
for a configuration with only three motors, 
typically requiring manual insertion of the first 
catheter (RA). The second support is attached to 
the rotating frame of a second gear train, using 
a combination of RA5 in the distal position and 
RA2 in the proximal position. This configuration 
allows for remote control of the first catheter’s 

Figure 7) The new rotating hemostasis valve.

Figure 6) The angioplasty disposable.
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introduction from a console. In both cases, a 
cap is used to seal the final component of the 
hemostasis valve. Figure 6 displays the two 
valve supports and the corresponding cap in the 
rotating configuration.

The Disposables for the Brain and 
Carotid

These disposables are derived from angioplasty 
disposables [46] and come in three types, two 
of which are simpler and designed for catheters 
and guidewires of very small dimensions. They 
are intended to be positioned in the second and 
third RA, as shown in Figure 3. It’s important to 
note that ROSES is the only system that manages 
the first catheter plus two other instruments, 
as the third RA is almost always dedicated to 
guidewires for the brain and carotid. The two 
simpler disposables are modifications of the 
angioplasty disposables, created by eliminating 
the portion dedicated to guidewires for the 
catheter, and vice versa for the guidewire. In 
the latter case, it is necessary to add a portion 
of the hemostasis valve without the valve itself, 

only the initial portion, to keep the guidewire 
controlled in position until the catheter is 
inserted. The majority of catheters for the brain 
and carotid have the guidewire inside a lumen 
for their entire length. However, when using 
stent catheters similar to angioplasty, where 

the guidewire is internal to the catheter only 
near the tip, it is necessary, for instance, after 
positioning the stent in correspondence to an 
aneurysm, to position a second catheter either 
to introduce the filling guidewires or to suction 
blood if the aneurysm is ruptured. In this case, 
since the disposable is already occupied by the 
stent catheter, but the guide keeps it in position, 
it is possible to displace the catheter by opening 
the catheter side of the special disposable. 
This allows for the catheter side to be opened 
without affecting the guidewire side. The stent 
catheter can be positioned in the cavity between 
the two sides of the disposable, and the new 
catheter can be placed to bring it to the region 
of interest, working with the guidewire driven 
by the third RA. Figure 9 illustrates these three 
new disposables, with the third one showing the 
half-cover open.

Figure 8) The fixed and rotating support for the hemostasis valve and its closing cap.

Figure 9) The three disposables for the brain and carotid, for catheters, guide wires, and stents angioplasty-like.
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The Disposables for Guide Wires with 
a Movable Core

At the outset, registration challenges with 
the animated catheters will be encountered. 
Catheters require a more extended approval 
process compared to electromechanical devices 
that don’t contact the human body. To address 
this, we decided to develop disposables for 
guide wires, which come in two types: one with 
a movable core allowing free movement inside 
the wire and another with the core fixed at the 
tip. Both of these disposables utilize bevel gears 
exiting from the main gear of the RA (robotic 
actuator). This setup requires the use of joysticks 

with three analog controls. Specifically, 
the three joy-stick controls are dedicated to 
controlling the three motors within the first gear 
train. For the first type, a pair of friction wheels 
on the right side was placed, which is always 
dedicated to the advancement retraction of the 
guide wire, while on the left, a large external 
wheel is used around which the core can be 
wrapped. This large external wheel is enclosed 
by a cover that defines a toroidal passage where 
the core is housed. The large wheel, responsible 
for guiding the core, must not interfere with the 
bevel gear transmitting motion to it. To achieve 
this, the guide wire initially passes on the right 

side, and its tail is introduced into a small hole 
aligned with the toroidal cavity. The large wheel 
features a brief empty sector with an inclined 
hole containing a threaded insert to secure the 
tip of the wire’s tail. To facilitate the insertion of 
the wire tip into this cavity, a small mechanism, 
kept in place by a spring (not shown in the 
image), is used to bend the tip precisely. Finally, 
another threaded insert is employed to secure 
the wire’s body. In the case of the core fixed 
at the tip, there is no external wheel. Instead, a 
rack is utilized, moved by two gears with an idle 
gear in between. This arrangement is depicted 
in Figure 10.

The Device to Control the Motion of 
the Animated Catheters

Before delving into the device’s description, 
let’s introduce the new five-lumen catheter 
(Figures 11 and 12). It comprises four very 
small lumens, approximately 1.5 French in 
size, paired on opposite sides relative to the 
larger central lumen. On one side, near the 
tip, two different series of wedge-shaped cuts 
are made, corresponding to one of the pairs of 
small lumens. In a different location, wedge-
shaped cuts are present on both sides, enabling 
the catheter to bend in two directions.

Figure 10) The CAD model of the guide wire with a movable core (left) and fixed to the tip (right).
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Before describing the control mechanism for 
this catheter, it’s essential to note that this 
mechanism necessitates the use of a robotic 
arm (RA) with six motors. This setup requires 
two complete gear trains, each comprising three 
gears. The first set of three gears controls the 
disposables, the second set ensures rotation 
as directed by the operator, while catheter 
advancement is achieved using the two motors 
in the proximal RA with an internal disposable, 
synchronized with the advancement of the RA6 
driven by the Robotic Cart (RC). As a result, 

two shafts with faceted ends extend from the 
rotating frame of the second gear train of RA6. 
Figure 13 shows the scheme of the six motors 
RA, in which the sixth motor is positioned on top 
of the central one, using the same transmission 
scheme used for the lower motor, just flipped 
around, obviously dividing the relative shafts to 
be completely independent. Thus, the thickness 
of the RA is increased just by the addition of a 
hollow gear and relative plastic ball bearing.

These shafts are connected to two longer shafts, 
which transmit commands to the catheter 
connector. The catheter connector houses two 
small drums on which the wires inside the 
small lumens are wound, maintaining minimal 
slack between the two cables to accommodate 
changes in the catheter’s configuration. Finally, 
the rotation is transferred to the drums via two 
pairs of bevel gears, which are not shown in 
Figure 14 and are limited showing the basic 
structure of the support that substitutes, in this 
case, the one presented in Figure 7.

Figure 12) Examples of possible shapes assumed by the 
animated catheter.

Figure 11) Cross section, tip, and central portion 
configuration of possible cuts.

Figure 13) The internal gearing configuration of RA6.
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The Hardware Configuration and 
Relative Software

The hardware configuration is straightforward, 
primarily utilizing off-the-shelf microcontroller 
boards. These have been supplemented with 
specially designed interface boards of only 
three types. One is for the console, and each 
group of three motors (e.g., RA5 and RA6 have 
two of these boards), each equipped with its 
microcontroller. A third board controls the two 
available motors on the robotic cart (RC) while 
continuously monitoring the output from the 
force sensor. Each microcontroller is named to 
indicate the type of RA on which it’s installed, 
and they all communicate via cables using 
advanced standard protocols. As can be clear 
from the number of motors quoted, the system 
has 12 Degrees of Freedom (DOF), but as it is 
obvious, not all of them have to work together. 
In the meantime, the Console has only two 
joysticks, of which the one on the left usually 
controls catheter motion, while the one on the 
right is usually dedicated to guide wires. Each 
joystick bears three or four linear controls, the 

back and forth being dedicated to advancement, 
and the transversal motion to rotation, while 
the other two are dedicated to different tasks 
depending on the program. Four turning buttons 
are dedicated to controlling the relation between 
the joystick’s actual motion and the speed of 
motion or rotation of catheters and guidewires.

The software poses the primary challenge as it 
must issue precise commands to each motor, 
accounting for the potential rotation of the entire 
gear train, but it also requires different programs 
depending on the specific task at hand.

To understand how the system works, let’s 
start by describing some of the possible tasks 
controlled by our system. For each task, it is 
necessary to select the correct program first.

For example, when introducing the first catheter, 
which can be also pre-curved, the left joystick 
commands the catheter’s advancement and 
rotation. Rotations are transmitted to RA2 and 
to the second train of RA5, while advancements 
are directed to RA2 and to a motor of the 
robotic cart (RC). With the right joystick, the 
guidewire rotation and advancement commands 
are issued to the first gear train of RA5. The 
motion of the core is controlled by rotating the 
button on the top of the right joystick, actuating 
the motor responsible for catheter advancement 
in angioplasty, again on the first gear train of 
RA5. Once the desired position is reached, 
RA2, RC, and the second stage of RA5 are 
halted. At this point, the left joystick commands 
the advancement of the catheter on the first 
train of RA5, and if the angioplasty option has 
been chosen, the right joystick commands the 
advancement of the guide wire along with the 
rotation of the entire disposable, which includes 
the hemostasis valve.

A different solution in case the desired task is 
to position a TAVI using our two degrees of 
animation catheter, which is mounted on RA6 
with the previously described device. We also 

Figure 14) The controlling mechanism of the two degrees 
of freedom animated catheter.
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use a standard guide wire mounted on a suitable 
disposable, which can be adapted if additional 
maneuvers are required to make it rigid (the 
disposable for the movable core can accomplish 
this if necessary). In this case, the joysticks are 
equipped with four linear controls each. The 
software commands the following actions:

•	 Advancement of the catheter is controlled 
on RA2 and RC

•	 Rotation is handled by RA2 and the second 
stage of RA6

•	 Shape control is managed by the second 
stage of RA6, using the two extra linear 
commands on the left joystick

Once the desired position is reached and the 
guide wire is in place, the robotic cart (RC) 
retracts the catheter by pulling back the RA6, 
while the motor of the first train of RA6 advances 
the guide wire to ensure it remains in position. 

After removing the catheter from the patient, the 
guide wire is secured with a clamp in front of 
RA2. Subsequently, the guide wire disposable 
and the mechanism for controlling the animated 
catheter are removed. The catheter is detached 
from the bevel gears at the connector, allowing 
everything to pass through the sterile hole of 
RA6.

Next, the TAVI catheter is inserted into the tail 
of the guide wire and advanced into the patient 
using RA2, changing the upper component if 
necessary to substitute the spring-loaded upper 
friction wheel with one controlled manually 
turning a screw like the one shown in Figure 
4. Once the TAVI catheter reaches the correct 
position, the TAVI can be activated, and both 
the TAVI catheter and guide wire are removed 
when their tasks are complete.

The last important example is the surgery on 
the brain and carotid. In this case, first, one has 
to bring the initial catheter at the point from 

which the brain surgery starts. Then, again, the 
position of RA2 and the second stage of RA5 or 
RA6 are blocked, and one should install on the 
intermediate actuator (RA5 or RA6) either the 
disposable for the brain presented in the third 
position of Figure 9 if one wants to use a stent 
catheter similar to the angioplasty ones, or the 
disposable for brain catheters, first position in 
Figure 9, while the disposable for the wire is 
to be installed in the third RA, usually a RA3. 
However, before going any further, one must 
introduce the guidewire into the hemostasis 
valve using an appropriate long needle, pushing 
the entrance cone of the valve to introduce the 
wire. Then one can position the catheter on the 
guidewire, pushing again the entrance cone of 
the valve to pass the valve. At this point one must 
close the disposable of the catheter, and, acting 
on the box that controls the last two motors, 
can push back the RA3 so that the catheter is 
in correspondence with the exit of the small 
tube of the disposable for guidewires (drawing 
in the middle of Figure 9). From this point, the 
left joystick will command the catheters on the 
intermediate RA, while the right joystick will 
command the guide wire on the most distal RA, 
commanding also the approach between the 
two as the catheter advances. Note that now it 
is possible to add new catheters and guidewires, 
by simply moving the ones present in the central 
channel of these disposables, using again the 
long needle to introduce the guidewire into the 
valve.

Finally, a very important note. The sterility 
of the system is ensured by the sterility of all 
disposables, including the internal tubes that 
separate the mechanisms, and by two disks that 
cover both sides, leaving a small ring in which 
the sterile transparent plastic covers placed on 
the various RA enter, ensuring that these covers 
will not be trapped when the gear train rotates. 
Moreover, a system of light plastic covers held 
laterally by wires and fixed on both sides to the 
RA covers will cover the rail and the bar, so that 
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the upper part will be all sterile.

Discussion

It’s important to highlight that the ROSES system 
is the sole solution capable of maintaining a 
complete separation between the patient and the 
doctor throughout the entire medical procedure. 
This includes guiding the initial catheter and 
seamlessly transitioning to various endovascular 
procedures. The system’s versatility enables 
easy selection of the appropriate program and 
disposables, making it a valuable asset.

Moreover, ROSES is the only system that 
allows for the performance of a wide range 
of endovascular surgeries under the guidance 
of expert doctors. This not only enhances the 
efficiency of medical facilities but also leads to 
cost savings in equipment acquisition. Looking 
ahead, the integration of AI holds promise for 
further improvements.

Additionally, ROSES offers the capability 
to record penetration lengths and forces 
encountered at every stage of the procedure. By 
adding a workstation to record real-time data 
from the console and images, the first ‘black 
box’ for endovascular surgeries will have birth. 
This significant feature greatly enhances safety.

Conclusion

Currently in the process of preparation of all 
device documentation for the initial registration 
phase in undergoing. Soon, it will be possible 
to start collaborating with medical professionals 
to simulate surgeries using models of human 
vessels. These models include 3D-printed 
replicas derived from CAT scan data on 
transparent plastic.

Once the necessary permissions are obtained, 
patient trials will start in multiple hospitals, 
spanning Italy, Europe, and, hopefully, the USA 
and Canada. Being aware of the need to explore 

systems for remote control of radio-opaque 
liquid injection and balloon inflation, first 
existing options will be considered or remote 
control solutions develop as needed.

Furthermore, we are ready to design new 
disposables for additional procedures, such 
as ablation. Our system’s capabilities now 
extend to intracranial applications, enabling 
the introduction of catheters and guide wires 
into the skull, a feat only achievable through 
complete remote control.
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