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This study provides a detailed description of the new HUGO™ RAS System and suggests docking settings for gynecological surgery. The system is composed of an “open” surgical console with an HD–3D passive display, a system tower, and four arm carts. Each arm has an extremely wide range of adaptability resulting from the numerous joints. The human cadaver labs were performed at the ORSI Academy between August and December 2021. All procedures were performed by two surgical teams, each composed of a high-volume surgeon experienced in robotic surgery, gynecologic oncology, and pelvic sidewall surgery, and one bedside assistant. Three main gynecological surgical scenarios were identified: standard pelvic surgery, pelvic sidewall surgery, and para-aortic/upper abdominal surgery. Concerning the port placement, the chosen options were called “straight” and “bridge”; instead, the so-called “compact” and “butterfly” configurations were identified for the arm cart positioning. Four cadavers were used to perform total hysterectomy, radical hysterectomy, pelvic exenteration, pelvic and para-aortic lymphadenectomy, and omentectomy. We performed several tests, identifying the best system configurations to draw the proper efficiency from the flexibility of the system in all gynecological surgical scenarios. The straight port placement seems to be adequate for standard pelvic surgery. The bridge trocar position is best to reach the deeper and lateral anatomical regions of the female pelvis. The compact and butterfly arm cart allocations are adequate for both straight and bridge port placement. When deep pelvic surgery was performed, the bedside assistant became more proficient by working with a standard laparoscopic instrument from an ancillary port placed in the left iliac fossa. The arm carts needed to be moved in an open manner, like for the proposed butterfly configuration. On the contrary, the compact disposition left enough space to assist from Palmer’s point port. Several basic and advanced gynecological surgical procedures were performed and completed successfully without encountering any technical or surgical issue, the results obtained were judged sufficient to proceed with the clinical experience in daily practice. The HUGO™ RAS system is flexible and highly performative in various surgical scenarios.
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1 Introduction

The use of laparoscopic and robotic procedures has increased in gynecological surgery in the last 20 years (1). In particular, robotic-assisted surgery has had a rapid technological evolution constantly supported by ever more robust evidence of the main advantages of this approach over laparotomy (2, 3).

The Da Vinci® (Intuitive Surgical) represented the leading actor in defining the “rules” of robotic surgery: a laparoscopic-like tower allocating the energy and light sources, the insufflator, and the “electronic brain” of the system, connecting the driving console with the four robotic arms coming from a unique monolithic structure named boom. However, technology runs fast, and since 2013, new concepts in robotic systems have been introduced to the scientific community.

The Senhance ® surgical system (first called Telelap ALF-X) was launched in the European market in 2013, introducing a new concept of robotic systems. Indeed, for the first time, robotic arms were designed to be independent wheeled units with the possibility of being moved into the operative room, around the operative table, and used in a variable number of ways, from 1 to 3, according to the surgical program. This configuration was devised to bring more “flexibility” to a robotic surgical system. Differently from the past, the surgeon could allocate robotic arms around the patient, customizing the docking on the basis of both abdominal anatomy and surgical procedure. This characteristic made this robotic approach feasible and reproducible in pioneering published papers (4–8). On the other hand, from clinical use, it has emerged that four independent and wheeled robotic arms require space in the operative room (OR) and significant restoration of spaces usually dedicated to the surgical team, including the anesthesiologist and circulating nurse (9).

More recently, a novel robotic system was launched by CMR Surgical: the Versius® surgical system. The company invested in the already mentioned “flexibility,” designing a modular system characterized by bedside units, called BSUs, small enough to be allocated in a standard operative room and easily removed at the end of surgery (10–12). From preclinical and pilot-published studies, it represents both an evolution and a revolution. Evolution because each robotic component has been significantly reduced in size, becoming a discreet presence in the OR. Revolution because the size and the maneuverability of each robotic element make this modular system easily movable from OR to OR, making it an “instrument” that can be chosen to be used accordingly to the needs of patients. That is a nice step in “flexibility.”

In this panorama, the last robotic system introduced by Medtronic is named the HUGO™ RAS System. It is composed of an “open” surgical console with an HD–3D passive display, a system tower, and four arm carts. Each robotic arm is independent and extendible thanks to 6 different joints. It can also be raised or lowered on the cart column for vertical positioning. The robotic arms are designed to be hooked up to the trocar, and the instruments installed are driven by a dedicated motor called the instrument drive unit. Even in this case, the patient can benefit from the movable arm with an extremely wide range of adaptability resulting from numerous joints.

However, every coin has two sides: independent robotic arms and flexibility around the patients, which also mean a rise in variables. Since each robotic arm is a set of parts of fixed length and connected by articulations with limited movements, by considering that the wheel and tip of the instrument represent the two extremes of a robotic arm, it becomes easy to understand the importance, and the complexity, of docking multiple robotic arms surrounding independently the patient instead of coming from a boom. It is said that preclinical experiences are essential to give newly minted user guidance in understanding, interpreting, and properly using the variability of positioning and docking in the interest of a successful surgery.

This study provides an exhaustive description of the new HUGO™ RAS System and suggests docking settings for gynecological surgery.



2 Material and Method

The human cadaver labs were performed at the ORSI Academy in Gent, Belgium, between August and December 2021. All human cadavers were fresh-frozen full-body, donated with consent. The studies were conducted in compliance with the ethical regulations in force at the Orsi Academy.

All procedures were performed by two surgical teams, each composed of a high-volume surgeon experienced in robotic surgery, gynecologic oncology, and pelvic sidewall surgery, and one bedside assistant. All surgical team members had completed the official technical training on HUGO™ RAS technology delivered by the company at the time of the experimental session. The robot was installed in a dedicated area, similar to a classical OR. The four-arm carts were allocated around the operative table, the tables of instruments on one side, and the console unit on the other corner.


2.1 Robotic System Description


2.1.1 Console Unit

The surgical console is the driving unit of the entire system (Figure 1). Once the surgeon takes place in the chair, the optimal ergonomic position can be achieved by adjusting the position of the viewer, the armrest, and the pedal unit. The pedals control the following functions: the robotic arms and the energy supply (monopolar, bipolar, and LigaSure™); the master clutch allows the repositioning of the manipulators; a switch pedal is located laterally to shift between the 3rd and 4th arm; and finally, the endoscope control pedal allows for repositioning of the endoscope.




Figure 1 | 1—Pedal unit; 2—Pistol Grip Manipulators; 3—3D–HD monitor; 4—Surgeon Interactive Display; 5—Head Tracking System.



To drive the robot, the surgeon handles the “pistol grip” manipulators where infrared contact sensors enable the robotic movement, revealing the hand of the surgeon. On the lower part of each manipulator, a “clutch” button can be pushed to reposition the manipulator itself; on the top, are installed forward and backward buttons to use the robotic endo-stapler. The operating surgeon has two monitors available: a passive 3D–HD screen to see the surgical screen using 3D glasses, and, on the right side, a touchscreen surgeon interactive display to assign the hooked instruments to the right/left hand, set the motion scaling, and select visual filters and camera rotation.

Over the 3D–HD monitor is installed the head tracking system: a vison device that reveals the alignment between reflective markers on the 3D glasses of the surgeon and the surgical monitor, enabling the robotic control. Once this alignment is lost because the surgeon is looking at a point different from the surgical field, the robotic control is disabled.



2.1.2 System Tower

The system tower houses computers, the power management system, and a backup battery in the bottom part  (Figure 2). In the middle are allocated the electrosurgical generator (Covidien AG) and the 3D–HD vision system (Karl Storz). The 2D–HD touchscreen is the interactive display on the top of the operating room team. The system tower, bridging between the console and the arm through single anti-crushing cables, allows the surgeon to control the movements of up to four arms. It may also be used without the surgeon console to power up to four arms for standalone manual control at the bedside, or by itself for standard laparoscopic visualization and electrosurgery.




Figure 2 | 1—Computers and power management; 2—Electrosurgical generator; 3—Vision System; 4—2D Touchscreen Monitor.





2.1.3 Robotic Arm

It is the active component that physically replaces the hands of the surgeon in the operating field. In the modern panorama of modular robotic systems, it represents a significant evolution due to the wide range of positioning provided by six different joints (Figure 3). Once approaching the operative table, each arm can be raised or lowered on the cart column for vertical positioning. Prior to approaching the patient, the laser alignment unit must be set in parallel with the operative table and oriented with the body (head and legs) of the patient to create a frame of reference in the space for the HUGO™ RAS system. After being done with this, each robotic arm will measure, in a digital space, the angle of approach to the patient. By pushing the “position button,” the “tilt button,” the “elbow button,” and the “fulcrum handle.” the arm can be unfolded, extended, rotated, and hooked to the robotic trocar. Thus, the robotic instrument can be installed on its “drive unite” and inserted into the trocar.




Figure 3 | 1—Laser Alignment Unit; 2—Position Button; 3—Tilt Button; 4—Elbow Button; 5—Fulcrum Handle; 6—Instrument Drive Unit.






2.2 Docking and Surgical Procedures

Based on each basic capability in extension, elevation, and rotation of the robotic arm, the company highlights a standard setup configuration to accomplish a good installation for gynecological procedures. Generally, the trans-umbilical trocar, where the camera is inserted, represents the main landmark for the whole port placement.

However, considering that both the variability of the abdominal conformation and the port-placement represent the entry point of the robot into the abdominal cavity, the surgical plan is the crucial element. Besides the technical and anatomical aspects, the docking needs to be personalized in accordance with the surgical procedure that will be performed.

We identified three main gynecological surgical scenarios to outline these principles: standard pelvic surgery, pelvic sidewall surgery, and para-aortic/upper abdominal surgery.


2.2.1 Standard Pelvic Surgery

In such a situation, the surgeon will perform pelvic surgery limited to the uterus, adnexa, pelvic, and common lymph nodes. For these, the robotic instruments do not have to reach extremely caudal, lateral, ventral, or dorsal surgical targets (Figure 4A).




Figure 4 | (A) Standard pelvic surgery; (B) Pelvic sidewall surgery; (C) Para aortic/upper abdominal surgery.





2.2.2 Pelvic Sidewall Surgery

When pelvic sidewall surgery is indicated, the surgeon will mainly drive his surgical maneuvers in retroperitoneal areas in proximity to the pelvis sidewall after an initial intra and retroperitoneal phase. Therefore, given the extremely deep and/or lateral anatomical target, the significantly increased distance from the trocar (the “ground zero”) will have to be entirely covered by the robotic instrument. Typically, these situations match surgery for deep infiltrating endometriosis, neuropelveology, sacrocolpopexy, and deep oncological resections (Figure 4B).



2.2.3 Para-Aortic/Upper Abdominal Surgery

In cases of indication for paraaortic/infrarenal surgery or omentectomy as part of surgical staging for gynecological malignancies, after “standard pelvic surgery,” the robotic arms will be driven to surgical targets located cranially to the line of the trocar, thus determining the vertical turnaround of the robotic arms (Figure 4C).




2.3 Surgical Procedures

The cadaver full bodies were positioned on the operative table in the dorsal lithotomy position, with leg stirrups and shoulder braces to ensure a good Trendelenburg tilt during surgery and replicate the typical space dimensions between the patient and robotic arms.

Once pneumoperitoneum (12 mmHg) was achieved with a Veress needle, a 12 mm robotic trocar was introduced in the transumbilical position.

By considering the aforementioned variables of the robotic arms, positioning, and docking, the surgeons adopted different types of port placement and arm cart allocation. Concerning the port placement, the chosen options were called “straight” and “bridge”; instead, the so-called “compact” and “butterfly” configurations were identified for the arm cart positioning.

For convenience, the left trocar, camera one, the right one, and the right flank trocar will be called 1, 2, 3, and 4, respectively. In the same way, given that the robotic system recognizes the camera arm as number 2, the robotic arms will be clockwise called 1, 2, 3, and 4.


2.3.1 The “Straight” Port Placement

All trocars are introduced along the transumbilical line. Trocar 2 is inserted through the umbilicus. Other robotic trocars (8 mm) are installed as follows: 1 and 3 bilaterally to the umbilical one, at a minimum distance of 6–8 cm, and 4 laterally to the right one, at the level of the flank (Figure 5A).




Figure 5 | (A) The “straight” port placement; (B) The “bridge” port placement.





2.3.2 The “Bridge” Port Placement

Unlike the previous proposal, the trocars 1 and 3 are placed symmetrically lateral to the transumbilical one, at a minimum distance of 6–8 cm, but 4 cm lower than the transumbilical line (Figure 5B).



2.3.3 The “Compact” Docking Configuration

The four-arm carts are allocated laterally along the right and left sides of the operative table, two per side. In this configuration, the arm carts are disposed in close contiguity at the level of the legs at an approximate angle of 30° with the operative table (Figure 6A). Given the position of the arm carts, the ancillary port for bedside assistant is inserted on Palmer’s point.




Figure 6 | (A) The “compact” docking configuration; (B) The “butterfly” docking configuration.





2.3.4 The “Butterfly” Docking Configuration

The four-arm carts are disposed, at the four corners of the operative table at an angle of 45° (Figure 6B). With this configuration, the bedside assistant can occur between arms 1 and 2 using an ancillary port inserted at the level of the left iliac fossa.

Regardless of both port placement and the docking configuration, a 0° 3D HD camera (Karl Storz) was hooked up on arm 2 and inserted into the transumbilical trocar. Following that, a fenestrated bipolar grasper, a monopolar scissor, and secure Cadiere forceps were hooked on the arms 1, 3, and 4 and inserted on the trocars 1, 3, and 4.

The bed-side assistant used an atraumatic grasper or suction/irrigation device through the ancillary port that, in the presented cases, was a 10 mm Air Seal trocar.

In accordance with the hypotized surgical scenarios, various surgical procedures were performed to assess the described docking setting. Based on the proposed solutions, four different combinations of port placement and docking configuration were used to perform surgery: the compact straight (CS), the compact bridge (CB), the butterfly straight (BS), and the butterfly bridge (BB).





3 Results

In total, 4 cadavers were used to perform a wide variety of gynecological procedures. In more depth, total hysterectomy, radical hysterectomy, pelvic exenteration, pelvic and para-aortic lymphadenectomy, and omentectomy were performed to investigate the characteristics and limitations of the different docking settings and, more generally, to investigate the ability of the robotic system to execute the common surgical maneuvers such as traction, dissection, coagulation, and section to open the surgical spaces and move in different anatomical regions.

In the case of compact configuration, after the activation of the laser alignment unit, the robotic arms were hooked to the trocar with the following angles of approach and tilt: arm 1 angle 100° tilt +15, arm 2 angle 140° tilt −30, arm 3 angle 220° tilt −30, and arm 4 angle 260° tilt −15.

When a butterfly configuration was adopted, angles and tilt were set as follows: arm 1 angle 90° tilt +15, arm 2 angle 140° tilt −30, arm 3 angle 220° tilt −30, and arm 4 angle 270° tilt +15.

Table 1 summarizes the main docking setting variables for both configurations.


Table 1 | Main docking setting variables for both configurations.



When para-aortic/upper abdominal procedures were performed, either by adopting the compact or the butterfly configuration, we occasionally experienced limited motion of the robotic arms 2 and 3; in these situations, the opposite working direction of the instruments determined the “closure” of each joint of the arm. This limitation was overcome by increasing the negative tilt of arm 2 from −30 to −40 and by reducing one of the arms, 3 from −30 to −20.

In one case of upper abdominal procedure in a low BMI cadaver, an arm cart reallocation was needed to avoid an external collision between arms 3 and 4 due to the proximity of the trocar in a very small abdomen.

The straight port placement revealed itself to be more suitable for standard pelvic and para-aortic/upper abdominal surgery. Due to the length of robotic instruments, comprised of between 52 and 54 cm, the bridge port placement was optimal for the pelvic sidewall procedures.

In the compact docking, the bedside assistant worked seated close to the left shoulder of the cadaver. In this setting, he can assist proficiently in standard pelvic and para-aortic/upper abdominal surgery. Instead, in cases of pelvic sidewall surgery, the increased parallelism between the robotic arm and the abdominal surface determines the risk of hits on the body of the assistant. This problem was overcome when in the butterfly configuration, the assistant took place between arm 1 and arm 2, working with a trocar positioned in the left iliac fossa.

All surgical tasks were successfully completed.



4 Discussion

The robotic market is now open, and it has recently been enriched with new surgical robots. All recently launched systems have one main difference with respect to the Da Vinci: compared with the well-known monolithic design, they are based on a modular concept with independent robotic arms.

In this context, it is established that the console and the system tower are constant elements. Each system has specific characteristics and “flexibility” due to the technical design of the robotic arm.

However, flexibility may not always correspond to efficiency in the operative room. Therefore, acquiring specific knowledge is mandatory to avoid logistical, technical, or clinical issues.

From a general standpoint, installing a modular surgical robot into a standard operative room requires some adjustments in the management of the space. Indeed, once installed on the patients, the robotic arms cover an area of about 3 × 4 m around the operative table. Additionally, the driving console and the system tower need to be allocated, respectively, in the corner and at the foot of the operative table. The presence of these new elements in the OR requires a variation in the positioning of the instrument table, the nurse, the anesthesiologist, and, in some conditions, the bedside assistant.

From a clinical perspective, when dealing with a modular surgical robot, the arm cart allocation, the trocar placement, and the docking are fundamental steps in achieving an excellent robotic installation and avoiding external collisions or limitations of movement.

With that said, the variability of the abdomen of each patient and the length of the robotic instruments, once hooked, must be considered leading placeholders in driving the success of the surgical procedure. Therefore, besides the technical aspects of robotic docking, the surgical plan is the fundamental pivotal element; based on the technical characteristics, the docking needs to be personalized in accordance with the surgical procedure.

In our preclinical experience, we performed several tests that identified the best system configurations to draw the proper efficiency from its flexibility in all gynecological surgical scenarios.

The straight port placement seems to be adequate for standard pelvic surgery. In contrast, the bridge trocar position is better for reaching the deeper and lateral anatomical regions of the female pelvis. Even if both settings are easy to move to the upper abdomen without changing any instrument, to vary abdominal conformation, it could be necessary to adjust the tilt angle of the lower arms to maintain a good range of motion and reach the most cranial districts such as the left renal vein.

The compact and the butterfly arm cart allocation are adequate for both the straight and bridge port placements. Again, in our experience, the critical element was the surgical procedure. When deep pelvic surgery was performed, the bedside assistant became more proficient by working with a standard laparoscopic instrument from an ancillary port placed in the left iliac fossa. To do this, the arm carts needed to be moved in an open manner, like for the proposed butterfly configuration. In contrast, the compact disposition left enough space to assist from Palmer’s point port.

Several basic and advanced gynecological surgical procedures were performed and completed successfully without encountering any technical or surgical issues; the results obtained were judged sufficient to proceed with the clinical experience in daily practice.



5 Conclusions

As far as we are aware, this is the first paper introducing the novel surgical robot HUGO™ RAS in gynecological surgery (13). Therefore, we wanted to provide a technical description and docking settings from the clinician standpoint. Adopting a new surgical robot means adapting to its surgical environment. In this preclinical experience, the HUGO™ RAS system is flexible and highly performative in various surgical scenarios. However, the proper understanding of its main features and possible limitations represents the key to making a modern, sustainable use of such technology. Even more, a modular robotic system must be considered as an instrument to personalize the surgical treatment for gynecological patients. The surgeon can decide how many robotic arms to use based on the surgical needs. In the case of a full docking, the proposed settings seem to be feasible and efficient for gynecological use. Data from clinical experiences are needed to assess our results further.
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