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Abstract

:

Backgrounds: Liver surgery has developed progressively during the last 10 years, especially in minimally invasive approaches. Robotic surgery seemed to overcome laparoscopic limitations with 3D visualization, the increased degrees of freedom given with Endowrist instruments, tremor filtering, better dexterity, and improved ergonomics for the surgeon. Methods: This work was a retrospective analysis of our first 100 robotic hepatectomies from March 2020 to July 2022. Patient demographics characteristics and intra- and postoperative outcomes were analyzed. Results: A total of 59 males and 41 females, with a median age of 68 years, underwent a robotic liver resection. The indications for robotic liver resections were malignant lesions in 86% of patients. Anatomical resection (AR) was undertaken in 27% of cases and non-anatomical resection (NAR) in 63% of cases. None of the patients were converted to the ‘open’ approach. Postoperative complications were as follows: 1% of biliary leakage, 5% of ascites, 6% of pulmonary infections, and 3% of other sites’ infections. CONCLUSIONS Our results showed the satisfactory experience of a tertiary HPB center with its first 100 robotic liver resections. The opportunity to make the robotic approach routinary provided global growth of a surgical team, improving the quality of patient outcomes.
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1. Introduction


Liver surgery has developed progressively during the last 10 years, especially in minimally invasive approaches. Since the first laparoscopic liver resection in 1992, many innovations in techniques and tools have marked the evolution of liver surgery. The initial Consensus Conference of Louisville in 2004 [1], Morioka in 2008 [2], and the recent Southampton Guidelines Meeting in 2017 [3] have stated standard references concerning surgical indications and specific techniques in the laparoscopic approach.



Moreover, the diffusion of robotic platforms has exponentially increased; in 2003, Giulianotti and colleagues [4] reported the first series of robotic-assisted laparoscopic liver resections.



In 2018, the first international consensus statement on robotic liver surgery was published [5] to promote the development of robotic hepatectomies.



Robotic surgery seemed to overcome laparoscopic limitations with 3D visualization, the increased degrees of freedom given with Endowrist instruments, tremor filtering, better dexterity, and improved ergonomics for the surgeon [6,7,8,9,10]. Despite several studies that have shown the feasibility and safety of the robotic approach compared with the laparoscopic one, the benefits of robotic surgery still remain under debate [11,12,13].



The only evidence of the superiority of the robotic over laparoscopic approach concerns complex hepatectomies, such as postero-superior resection, hilar dissection, and biliary-enteric anastomoses [14].



The main benefits of robotic surgery regarding the improvement of surgical technique are better surgeon ergonomics, facilitating the use of indocyanine green images, potential for intraoperative liver navigation, and faster learning curves.



Moreover, robotic surgery can be considered advantageous compared to conventional laparoscopy in cases of extended abdomen adhesions derived from previous surgeries [15].



Anyway, frail and elderly patients benefit from minimally invasive surgery thanks to the reduction of postoperative complications, faster postoperative recovery, and quick returns home [16].



The aim of our study was to report our initial experience with the first 100 robotic liver resections. The primary endpoint was to show intraoperative data about our standardized techniques. Secondly, we reported postoperative outcomes in order to explore the results and which factors have had an impact.




2. Materials and Methods


2.1. Study Design


This work was a retrospective analysis of first 100 robotic hepatectomies from a prospectively collected database of all liver resections at our center from March 2020 to July 2022.



This study included patients ≥18 years old who underwent robotic liver resection for benign and malignant liver lesions.



The diagnosis was based on non-invasive findings (CT scan or MRI abdomen) or histopathology when necessary. The type of treatment was planned in multidisciplinary team discussions including surgeons, hepatologists, oncologists, interventional radiologists, and pathologists.



This research was conducted in agreement with the local ethics committee, and all participants gave written informed consent to participate in this study.



In our center, all minimally invasive liver resections are systematically performed with a robotic approach thanks to daily access to the robotic platform.



Patient characteristics included gender, age, type of underlying liver disease, Child–Pugh score, MELD score, American Society of Anesthesiology (ASA) score, body mass index (BMI), Charlson Comorbidities score, albumin, serum Ca 19.9, and AFP. Lesion features included benign or malignant nature, position, size, and number. Intraoperative variables were reported including operative time, estimated blood loss, number of transfusions, and rate of conversion. Measures of postoperative outcome were reported as postoperative complications (general and liver-related), with indication of their severity according to Clavien Dindo classification [17], rate of re-operation, length of hospital stay, and 90-day mortality rate.



Preoperative study included a multidisciplinary evaluation (MDT evaluation) with CT scan staging and MRI often associated with Primovist administration. Liver biopsy was reserved for cases of uncertain diagnosis. Robotic approach was our default technique in minimally invasive liver resections.



Huge tumors, vascular structures involvement, or prior abdominal surgery did not represent a contraindication to the robotic approach. Perihilar cholangiocarcinoma was suitable for an ‘open’ approach.




2.2. Surgical Technique


Robotic surgery was performed using the da Vinci Xi robotic platform (Intuitive Surgical Inc., Sunnyvale, CA, USA).



The surgery was mainly performed by 2 surgeons experienced in liver surgery. Their preparation comes from about 10 years of open and laparoscopic liver surgery. Thanks to this experience, the surgeons had an advantage in adapting to the robotic platform. Initially, less complex robotic liver resections were preferred to minimize potential complications during the learning phase. As surgeons gained proficiency, they gradually moved on to more complex surgeries, such as major liver resections or tumors in difficult locations. Managing potential intraoperative and postoperative complications is also an essential aspect of the learning curve. As experience grows, surgeons have become better equipped to effectively manage complications. Robotic surgery involves a multidisciplinary team, which includes surgical assistants, nurses, and anesthesiologists. Effective teamwork and communication are key to achieving positive results.



The patient was placed in a supine position and 30° reverse Trendelenburg position with a mild lateral inclination. A pneumoperitoneum was created using an open technique through a sopra-umbilical incision. Other 3 robotic trocar and 1 or 2 laparoscopic 12 mm trocar assistants (depending on procedure) were inserted under direct vision, and their location was standardized in two types of positioning according to interested hemi liver (Figure 1 and Figure 2).



The surgeon was seated at the robotic console, and the assistant surgeon was between patient’s legs. The assistant surgeon performed retraction, suction, clipping, and eventually stapling.



In cases of previous abdominal surgery, viscerolysis was performed with cold scissors and blunt maneuvers. Viscerolysis was started laparoscopically, up to allowing positioning of robotic trocars, and completed robotically. Every procedure began with an abdominal cavity exploration and the first part of the mobilization of hemiliver, associated with intraoperative ultrasound. The hepatic hilum was prepared to Pringle maneuver with section of hepatoduodenal ligament and the positioning of Foley catheter for intracorporeal intermittent pedicle clamping.



The pedicle approach was chosen depending on the planning procedure. Liver parenchymal transection was performed with double bipolar forceps, ‘kellyclasia’ fashion, and using Vessel Sealer (Intuitive Surgical Inc, Sunnyvale, CA, USA). Indocyanine Green (ICG) visualization was routinely used in positive or negative staining in association with intraoperative ultrasound to better underline lesions or parenchymal demarcation or anatomical vascularization. One vial of ICG (25 mg, Verdye®, Diagnostic Green GmbH, Aschheim, Germany) 0.2 mg/Kg was dissolved in 25 mL sodium hydrochloride or water for intraoperative intravenous injection.



Hem-o-lock clips or linear EndoGIA staplers were used for the section of vascular and biliary structures. The specimens were placed in a laparoscopic extraction bag and removed through a mini-Pfannenstiel incision.




2.3. Statistical Analysis


Statistical analyses were performed using the IBM SPSS Statistics 20 software. Demographic data and clinical outcomes were analyzed. Continuous variables were compared using an independent sample t-test and Mann–Whitney U test. Categorical variables were compared using the chi-square test and Kruskal–Wallis test, respectively.





3. Results


From March 2020 to July 2022, we performed 100 robotic liver resections on 59 males and 41 females, with a median age of 68 years. The BMI was 26.7±3.2 kg/m2, and the ASA score was 3 in 47% of our patients. A total of 52% of our patients presented a history of cardiovascular disease, 19% of diabetes mellitus, and 32% showed cirrhosis, with a Child–Pugh score A in 97% of the total.



The 74% of resected lesions were single nodules, with a median tumor size of 25 mm (18–45 mm), Table 1.



The indications for robotic liver resections were malignant lesions in 86% of patients: 35% hepatocellular carcinoma (HCC), 3% intrahepatic cholangiocarcinoma (iCCA), 8%, gallbladder carcinoma, 27% colorectal liver metastasis (CRLM), 13% non-colorectal liver metastasis (NCRLM), and 14% benign lesions (5% adenoma, 4% hepatic cyst, 1% FNH, 3% hemangioma, 1% intahepatic lithiasis), Table 2.



Among all liver resections, 90 minor resections were performed: 62 in antero-lateral segments and 28 in the postero-superior liver segments.



Major hepatectomy, defined as resection of three or more adjacent liver segments, was performed in 10% of the cases (4% formal left hepatectomy, 5% formal right hepatectomy, 1% central hepatectomy). Anatomical resection (AR) was undertaken in 27% and non-anatomical resection (NAR) in 63% of cases, of which 24% were in postero-superior liver segments, Table 3. According to the IWATE Difficulty Index Scoring System, 41 liver resections resulted in a high difficulty score, 17 with an intermediate score, and 42 with a low difficulty score.



The median operative time was 298 min with a median 200 cc of intraoperative estimated blood loss (EBL). An intermittent pedicle clamping was performed in 73% of procedures.



None of the patients were converted to the ‘open’ approach.



Postoperative complications were represented by 1% of biliary leakage, 5% of ascites, 6% of pulmonary infections, and 3% of infections of other sites.



Only one patient underwent a reoperation during hospitalization who represented a Clavien Dindo 3b postoperative complication.



The median length of hospital stay was 5 days (range 4–6). Postoperative mortality was nil. One of the 5% of the 90-day readmitted patients died of multiorgan failure (MOF), Table 4.



The number of included patients per year is shown in Figure 3; 10 robotic liver resections were performed during 2020, and 45 were performed for 2021 and 2022.




4. Discussion


A minimally invasive approach has radically marked the evolution of liver surgery. If most of the laparoscopic procedures have been standardized over time and become the gold standard, the robotic approach requires a formal framework.



The high-definition of 3D vision, the tremor filter, the dexterity given by the endowristed movements, and an augmented surgeon’s ergonomy allowed the surgeon to perform some complex procedures, like hilar dissection or bilio-enteric anastomosis, and access to posterosuperior segments thanks to the articulation of the instruments, overcoming the limits of the laparoscopy [18,19,20,21].



However, the absence of tactile feedback, the high cost, and the lack of available surgical instruments limit robotic platform development and application.



The diffusion of the robotic platform has exponentially increased in the last 10 years, showing that there is a low level of evidence concerning the cost as a substantial limit [22,23] and that in centers with a solid training program, the learning curve is faster compared to laparoscopic procedures and also for major resections [24,25,26].



In 2018, the first international consensus statement on robotic liver surgery was published [5] to promote the development of robotic hepatectomies.



According to the recommendations, robotic hepatectomy had a longer operative time and higher costs, whereas no significant differences were observed for blood transfusion rate, R0 resection rate, length of hospital stay, overall complication rate, severe complication rate, and oncological outcomes compared to the laparoscopic approach.



To date, the benefits of the robotic approach in liver surgery have not yet been clearly defined.



Some recently published studies, including minor and major hepatectomies, have compared robotic and laparoscopic techniques without providing conclusive results in favor of either approach [21].



Other studies showed a lower estimated blood loss, less narcotic use, shorter length of hospital stay, and improved short-term quality of life in the robotic approach for complex liver resection [5].



The reduction in blood loss during robotic major hepatectomy is due to the significant improvement in the magnification of the field of view, which allows surgeons to identify vessels and more accurately control blood inflow and outflow [27].



Patients who benefit from a robotic approach are those with lesions of the postero-superior segment, tumors difficult to reach with conventional laparoscopic procedures, which would require a large skin incision when performed with an open approach [14].



In addition, frail and elderly patients with a loss of reserve capacity and a lifetime accumulation of different diseases benefit from minimally invasive surgery thanks to the reduction of postoperative complications, a faster postoperative recovery, and a quick return home [16].



The main benefits of robotic surgery regarding the improvement of surgical technique are better surgeon ergonomics, facilitating the use of indocyanine green images, the potential for intraoperative liver navigation, and faster learning curves.



The complexity of liver anatomy and the absence of clear superficial liver landmarks have prompted the development of intraoperative navigation systems.



The purpose of intraoperative navigation tools is to provide feedback to surgeons regarding the location of the transection line relative to the lesion of interest and vascular structures [14].



The learning curve depends on the surgeons’ individual skills, their previous surgical experience, and the availability of training opportunities. The goal of the learning curve is to achieve a high level of proficiency in surgical outcomes while minimizing patient risk.



Another important topic of discussion is the use of a robotic approach in previous abdominal surgery. Peritoneal adhesions resulting from previous abdominal surgery are associated with longer operating times, technical difficulties, and higher postoperative complication rates. This was shown to be more pronounced after previous open surgery than previous minimally invasive surgery [15].



Robotic surgery is more advantageous than conventional laparoscopy to perform adhesiolysis. A recent study showed that conversion rates due to adhesions were significantly reduced in the robotic approach [28].



However, there are still some limitations associated with robotic liver surgery regarding setup time, lack of hepatic feedback, limited availability, instrumentation limitations, and costs.



The extra time required to undock the robotic platform may be considered deleterious during conversion to an open procedure in an emergency setting [14].



One of the challenges in robotic and generally minimally invasive surgery is the lack of hepatic tactile feedback for the surgeon. In open surgery, surgeons can feel the tissues they are manipulating. Robotic systems typically provide visual and tactile feedback through the controls, but true haptic feedback is limited.



The robotic platform does not have the wide range of instruments available in open and laparoscopic surgery; for example, the system does not integrate an ultrasonic aspirator for parenchymal transection.



In this era of increased focus on health care costs, not only questions of surgical safety and efficacy but also costs must be considered in the decision-making process.



For many centers, the high costs are the reason why robotic surgery is still not routinely performed. However, it is important to note that a faster postoperative recovery and lower rates of postoperative complications compensate for the costs incurred by the use of the robotic platform.



In our center, the hospital policy allows daily use of robotic platforms thanks to the knowledge that, in expert hands, postoperative benefits of robotic surgery may mitigate intraoperative costs of robotic instruments.



This work reported outcomes of our initial 100 robotic liver resections during the last two years. We showed the safety and feasibility of the robotic approach for different types of procedures, from non-anatomical resections to major hepatectomies, with all the benefits of the minimally invasive technique associated with the advantages of making some complex procedures approachable more difficult in laparoscopy.



With 59% of males and a median BMI of 27 kg/m2, our patients’ characteristics were in line with the reported data of Western experiences [10,29,30]. More than half of our patients have had previous abdominal surgery (open or laparoscopic), and we performed the total of our liver resections with a nil conversion rate. This was a main finding that underlined the ability of the robotic platform to make extensive viscerolysis possible and to make patients already operated on benefit from the advantages of the minimally invasive approach.



As reported in several studies, almost the whole of our patients (86%) presented a malignant lesion as an indication of the resection, often on liver disease (48%), with a well-preserved liver function (97% Child–Pugh A).



Since the introduction of the robotic platform in our hospital, this approach has become our default approach for all liver resections eligible for minimally invasive surgery (MIS), Figure 4.



This systematic choice made it possible to build a dedicated team that quickly became experts, reducing the docking time, preparation, and setting up of the robotic room. Furthermore, the presence of the double console represented a key resource in the learning curve of the young surgeons in our group, guaranteeing a safe approach, rapid progression, and standardization of procedures.



A total of 90% of our robotic liver resections was represented by minor resections, with the first formal right hepatectomy performed by our senior HPB surgeon after about 40 minor procedures. The following major hepatectomy had a lower operative time comparable to minor ones. This result could be justified not only by a faster learning curve possible with the robot but also by the key contribution given with dedicated surgical equipment, which increased global efficiency.



Our operative time and intraoperative estimated blood loss (EBL) were similar to the reported data [7,8,10]. The magnified 3D view, better manipulation of the liver parenchyma, and the introduction of new energy devices made these results comparable with conventional laparoscopic ones, even if in the absence of the cavitron ultrasonic dissector [31,32].



A nil rate of conversion underlined the advantage provided by the robotic platform with the high degree of movements, with the tremor filtration and the stereoscopic camera, in the management of intraoperative complications, like bleeding or difficult exposure, often reported as causes of conversion in laparoscopic procedures.



Concerning postoperative outcomes, we presented a 15% complication rate in line with recent data [10,30,32], which is significantly lower than post-open liver resections.



Preoperative assessment of frailty is increasingly used as an important tool for predicting perioperative risks and the outlook for an uncomplicated recovery.



Many scores have been created to estimate and predict the risk of postoperative complications, for example, the NSQIP risk calculator. The scores can be used to identify frail patients who would benefit from preoperative rehabilitation interventions and to select treatment options with a more favorable risk/benefit ratio.



The goal of the scores is to provide accurate, patient-specific risk information to guide both surgical decision-making and informed consent [33].



The length of hospital stay was not significantly lower than other experienced center results [9,34,35]. A formal Enhanced Recovery After Surgery protocol that provides prehabilitation and standardized postoperative rehabilitation could improve this trend.



This work presented some limitations, first of all, concerning oncologic long-term outcomes due to ‘en cours’ follow-up. Secondly, the nature of this paper was to report a single-center experience that represented an intrinsic conceptual limit.



Our results showed the satisfactory experience of a tertiary HPB center with its first 100 robotic liver resections. The opportunity to make the robotic approach routinary provided global growth of a surgical team, improving the quality of patients’ outcomes.




5. Conclusions


Robotic liver surgery represents a constantly evolving reality that seems capable of enhancing surgeon’s abilities. Our experience reported robotic liver resections as safe and feasible procedures, demanding a faster learning curve, and it guaranteed the same benefits of laparoscopy, making complex procedures more approachable.
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