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Abstract 

Over the past two decades, robotic surgery has witnessed a rapid and widespread adoption across 
almost all surgical specialties, with the da Vinci Surgical System (Intuitive Surgical) emerging as the 
dominant platform worldwide. Its technological advantages—such as improved ergonomics, 
precision, and minimally invasive access—have contributed to its success. However, the substantial 
costs associated with acquisition, maintenance, and disposable instruments represent a significant 
limitation, especially in public healthcare systems. In recent years, new robotic platforms have 
entered the market with the explicit goal of improving cost-effectiveness while maintaining 
comparable clinical performance. This study aims to conduct a comprehensive economic evaluation 
of three robotic surgical platforms currently in use at ASST Grande Ospedale Metropolitano 
Niguarda Hospital, through a cost-minimization analysis and break-even point calculation. Cost data 
were collected from the hospital’s internal management system and supplemented with published 
literature to ensure a realistic and robust estimation of direct and indirect costs. A deterministic 
sensitivity analysis was applied, varying key parameters—such as number of surgeons, number of 
instruments, and procedure duration—within predefined ranges to assess the variability of outcomes 
under different assumptions. This allowed the identification of threshold values and critical cost 
drivers that influence the economic sustainability of each system. The results of this analysis provide 
valuable insights into the comparative cost-efficiency of the platforms evaluated and may guide 
hospital administrators and policymakers in making informed decisions regarding the adoption and 
allocation of robotic surgical technologies. By integrating real-world data with economic modelling, 
this study contributes to the growing body of evidence aimed at optimizing the value of innovation 
in surgical practice. 

Keywords: robotic surgery; health economics; cost minimization analysis; break even analysis; CMA; 
BEA 
 

1. Introduction 

In recent decades, the healthcare sector has witnessed the growing adoption of new 
technologies, which has significantly influenced both the organization of services and the overall 
costs of care delivery. This trend has highlighted the need for evaluation tools that go beyond the 
assessment of clinical effectiveness alone, incorporating also economic and organizational 
dimensions. 

Within this framework, Health Technology Assessment (HTA) has emerged as a 
multidimensional approach that integrates various methodologies. Among these, health economics 
analysis—such as cost-effectiveness analysis—plays a pivotal role, as it enables the estimation and 
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comparison of costs while also considering clinical and social outcomes. When combined with 
technical, organizational, and managerial evaluations, HTA provides a comprehensive and 
systematic understanding of the impact of healthcare technologies. 

One area where this approach is particularly relevant is robotic surgery, which has seen a 
marked increase in adoption over recent years and now represents one of the most significant 
innovations in modern surgical practice. 

Over the past two decades, robotic-assisted surgery has evolved from a niche innovation into a 
widely adopted technology across multiple surgical specialties worldwide [1,2]. This rapid growth 
has been fueled by continuous technological progress, refined training protocols, and an expanding 
body of evidence supporting its clinical value. A pivotal milestone in this trajectory was the 
introduction of the Da Vinci Surgical System by Intuitive Surgical in 2000, one of the first robotic 
platforms to achieve widespread clinical implementation [3]. 

By combining early market entry with a strategically constructed and comprehensive patent 
portfolio, the Da Vinci system secured a dominant position in the global market for nearly twenty 
years [4,5]. These patents, which covered both mechanical and software innovations, effectively 
prevented the emergence of meaningful competitors and established a near-monopoly. While this 
dominance accelerated innovation and adoption in certain contexts, it also enabled Intuitive Surgical 
to impose high acquisition, maintenance, and consumable costs. As a result, access to robotic surgery 
remained limited for many healthcare providers—particularly in low- and middle-income 
countries—exacerbating inequities in surgical care. 

Despite these barriers, robotic-assisted surgery has consistently demonstrated substantial 
clinical and ergonomic benefits, including improved precision, reduced blood loss, shorter hospital 
stays, and enhanced working conditions for surgeons [6,7]. These advantages, widely recognized by 
the surgical community, have sustained global interest and demand for the technology. Anticipating 
the expiration of Intuitive Surgical’s key patents, several medical technology companies began 
investing in alternative robotic platforms to meet this demand. 

In recent years, the end of these patent protections has opened the field to new competitors [8,9]. 
Among the most prominent entrants are the Hugo™ Robotic-Assisted Surgery (RAS) System, 
developed by Medtronic, and the Versius® Surgical Robotic System, introduced by CMR Surgical. 
These systems aim not only to match the clinical performance of Da Vinci but also to provide more 
cost-effective, modular, and workflow-friendly solutions. Their introduction has ushered in a new 
phase of competition, fostering innovation, increasing market dynamism, and potentially lowering 
the overall costs of robotic surgery, thereby improving accessibility on a global scale [4,8,9]. 

The Clinical Engineering Department of ASST Grande Ospedale Metropolitano Niguarda 
Hospital conducted a cost-minimization analysis and a break-even analysis to assess which of the 
three robotic platforms currently in use at the institution could generate the greatest economic 
savings and return on investment as surgical volumes increase. While some studies have reported 
economic evaluations of robotic surgery at the per-procedure level, to the best of the authors’ 
knowledge, no previous analyses have directly compared the three platforms using both cost-
minimization and break-even methodologies. 

For this purpose, radical prostatectomy was selected as the reference procedure, given that it is 
the intervention with the most comprehensive data available in the literature and, within the hospital 
itself, the procedure with the highest surgical volume. This choice ensures a robust basis for 
comparison across the platforms. 

Economic analyses of this kind are of particular relevance within a hospital setting, as they 
provide decision-makers with a structured framework for comparing technologies and optimizing 
resource allocation. 

2. Materials and Methods 

2.1. Study Design 
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A comparative economic evaluation was conducted by the Clinical Engineering Department of 
ASST Grande Ospedale Metropolitano Niguarda Hospital to assess the economic sustainability of 
three robotic surgical platforms currently in use at the institution. The analysis included a cost-
minimization analysis (CMA) and a break-even analysis (BEA). 

2.2. Literature Search 

A literature search of the economic aspects was conducted to support the comparative analysis 
of the three robotic platforms currently in use at ASST Grande Ospedale Metropolitano Niguarda 
Hospital. The objective of this search was to identify studies reporting economic evaluations of 
robotic-assisted surgery, with specific attention to cost analyses relevant to radical prostatectomy. 
Particular emphasis was placed on methodologies, type of economic evaluation, results, and 
applicability within the Italian healthcare context. 

It has been searched in PubMed, Scopus and Web of Science. Grey literature, including HTA 
reports, was retrieved from the websites of major HTA agencies. 

The research strategy was (“Hugo” OR “Versius”) AND “Da Vinci” AND “cost” 
The following are the Inclusion criteria: 

• Systematic reviews, clinical trials, prospective or retrospective studies, and HTA reports 
published in English; 

• Studies published between 2019 and 2025; 
• Articles reporting cost analyses of robotic-assisted surgery compared to conventional 

alternatives; 
Following the Exclusion criteria are reported: 

• Case reports, editorials, letters, or conference abstracts without full text; 
• Studies focusing exclusively on clinical outcomes without economic evaluation; 
• Simulation-only or non-human studies. 

All retrieved titles and abstracts were screened for relevance, followed by full-text review of 
potentially eligible studies. 

The final evidence set was used to validate assumptions on clinical comparability across robotic 
platforms, to benchmark cost components, and to highlight the gap in the literature regarding cost-
minimization and break-even analyses comparing multiple robotic systems. 

2.3. Procedure Selection 

Radical prostatectomy was selected as the reference procedure due to its high surgical volume 
within the hospital and the extensive availability of outcome and cost data in the literature. 

2.4. Data Collection 

Both fixed and variable costs were determined by integrating evidence from the literature with 
information provided by the robotic system manufacturer and data extracted from the hospital 
management system. Additional cost input was derived from the hospital’s administrative and 
financial records, covering expenses such as system acquisition, annual maintenance contracts, 
consumables, and operating room utilization. 

2.5. Cost Minimization Analysis and Break-Even Analysis 

Break-even and cost-minimization analyses were conducted, drawing on evidence from the 
literature and data extracted from the hospital management system. 

For the cost analysis, we started defining the cost drivers. These include costs of the robot, cost 
of consumable, costs of personnel, costs of the operatory room (electricity, anaesthesia, other medical 
devices), costs of hospital stay. 

As current evidence suggests that the new robotic platforms provide clinical outcomes 
comparable to those of the Da Vinci system, a cost-minimization analysis was conducted. CMA is a 
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special form of cost-effectiveness analysis in which the efficacy of all surgical alternatives is 
considered equal. Thus, it was focused solely on identifying the strategy with the lowest cost of the 
three. 

Under this assumption of clinical equivalence, the analysis focused exclusively on identifying 
the platform associated with the lowest overall cost. 

In parallel, a break-even analysis was developed to estimate the minimum number of surgical 
procedures required annually for each platform to achieve cost recovery. This approach identifies the 
point at which total revenues equal total costs. Beyond serving as a benchmark, the BEA also allowed 
exploration of multiple scenarios through sensitivity testing. 

Both the break-even and cost-minimization analyses were performed using evidence from the 
literature, internal data extracted from the hospital management system, and the expertise of the 
Clinical Engineering Department. 

3. Results 

The comparative economic evaluation was performed using cost-minimization and break-even 
analyses to assess differences in cost efficiency among the three robotic surgical platforms: Da Vinci, 
Hugo™, and Versius®. 

The following sections identify the platform with the lowest cost per procedure, and present the 
estimated break-even points based on surgical volume. 

3.1. Literature Search Results 

A total of 47 articles was obtained from the electronic research databases previously mentioned. 
After duplicates were removed, 36 papers remained. The screening of the titles and abstracts resulted 
in the exclusion of 28 items. Among the remaining 8 articles, 6 papers did not meet the inclusion 
criteria. The selection process is reported in the PRISMA flowchart (Figure 1). 
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Figure 1. PRISMA flowchart. 

A cost projection study [10] from a public robotic surgery center in Milan compared Da Vinci 
and Hugo RAS systems for robot-assisted radical prostatectomy. Among 41 cases (27 Da Vinci, 14 
Hugo RAS), perioperative outcomes were comparable, though operative time was longer with Hugo 
RAS. The per-procedure cost was lower for Hugo RAS (€1,995 vs €2,246), yielding an estimated 11% 
saving in total hospitalization costs (€6,637 vs €6,775). The authors conclude that Hugo RAS provides 
similar clinical results with a modest cost advantage over the Da Vinci system. 

Similarly, an analysis [11] from the Azienda Ospedaliera Universitaria Integrata Verona (Italy) 
compared the costs of robot-assisted radical prostatectomy performed with the Da Vinci and Hugo 
RAS platforms using a Time-Driven Activity-Based Costing approach. Among 100 patients (50 per 
platform), clinical outcomes were comparable, but Hugo RARP was less expensive overall (€3,512 vs 
€4,979; p < 0.001). While intraoperative time and personnel costs were higher with Hugo, this was 
offset by substantially lower material and kit costs. Sensitivity analyses confirmed that surgical kit 
price was the most influential factor in cost differentials, indicating that Hugo RAS offers a cost 
advantage under comparable clinical performance. 

3.2. Cost Minimization Analysis 

The cost-minimization analysis was performed under the assumption of clinical equivalence 
among the three robotic platforms, as supported by the available literature. The analysis focused on 
identifying the system associated with the lowest overall cost per radical prostatectomy, considering 
both fixed and variable cost components. 

Fixed costs included system acquisition and annual maintenance, while variable costs comprised 
consumables, operating room time, and personnel expenses. All costs were standardized and 
expressed in euros (€), based on data from literature and data from ASST Grande Ospedale 
Metropolitano Niguarda Hospital. 

The CMA compared the per-procedure costs of radical prostatectomy performed with the three 
robotic platforms currently in use at ASST Grande Ospedale Metropolitano Niguarda Hospital: Da 
Vinci, Hugo™, and Versius®. The results are summarized in Table 1. 

Under the assumption of clinical equivalence, the Hugo™ system demonstrated the lowest 
overall cost per procedure, amounting to €6,991.26, followed by the Da Vinci system at €7,839.51, and 
the Versius® system at €8,424.97. 

When analyzing individual cost components, the Hugo™ platform presented the lowest kit cost 
(€1,849.96) and operating room cost (€2,362.13), while Versius® achieved the lowest hospitalization 
cost (€940.00). Equipment costs were comparable across all systems, ranging from €1,680.00 (Da 
Vinci) to €1,744.00 (Hugo™). 

The largest cost differentials were observed in operating room and kit-related expenses, which 
together represented the main drivers of total cost variation among the platforms. Specifically, 
Hugo™ showed a cost advantage of approximately €848 per procedure compared to Da Vinci and 
€1,434 per procedure compared to Versius®. 

Overall, the CMA findings indicate that, within the current hospital context and assuming 
comparable clinical outcomes, the Hugo™ robotic platform represents the most cost-efficient option 
for radical prostatectomy. These results highlight the potential for substantial cost savings primarily 
through reduced consumable and operating room expenditures. 

Table 1. Main cost drivers per robot. 

 Da Vinci Hugo Versius 
Equipment cost 1.680,00 € 1.744,00 € 1.738,20 € 
Robotic kit cost 2.472,25 € 1.849,96 € 1.995,00 € 

OR1 costs 2.521,39 € 2.362,13 € 3.751,77 € 
Hospitalization costs 1.165,87 € 1.035,16 € 940,00 € 
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Total costs  7.839,51 €   6.991,26 €   8.424,97 €  
1 OR: Operating Room. 

Figure 2 illustrates the comparative distribution of costs per radical prostatectomy across the 
three robotic platforms analyzed — Da Vinci, Hugo™, and Versius®. The figure provides a visual 
representation of the contribution of each cost component (equipment, kit, operating room, and 
hospitalization) to the total per-procedure cost. 

As shown in the graph, the Hugo™ system consistently demonstrates lower expenditures in 
most categories, particularly for kit and operating room costs, which together account for the majority 
of the overall savings. The Da Vinci system shows intermediate values across all components, 
whereas the Versius® platform presents the highest total cost, mainly driven by longer operating 
room time and higher associated expenses. 

The visual comparison clearly highlights that cost differentials among platforms are primarily 
driven by variable cost components, while fixed equipment costs remain relatively uniform. This 
pattern reinforces the findings of the CMA, indicating that optimization of consumable utilization 
and operating room efficiency are the key levers for achieving cost reduction in robotic-assisted 
radical prostatectomy. 

 

Figure 2. Breakdown of total per-procedure costs (in €) for radical prostatectomy performed with the Da Vinci, 
Hugo™, and Versius® robotic platforms. The stacked bars represent cost components: equipment, kit, operating 
room (OR), and hospitalization. 

3.3. Break-Even Analysis 

To complement the cost-minimization analysis, a break-even analysis was conducted to estimate 
the minimum annual number of radical prostatectomy procedures required for each robotic platform 
to recover total costs. The BEA considers both fixed costs (equipment acquisition and annual 
maintenance) and variable costs per procedure (kit, operating room, hospitalization), allowing a 
comprehensive assessment of economic sustainability under different utilization scenarios. 

€1,680.00 €1,744.00 €1,738.20 

€2,472.25 €1,849.96 €1,995.00 

€2,521.39 
€2,362.13 

€3,751.77 

€1,165.87 

€1,035.16 

€940.00 

€-

€1,000.00 

€2,000.00 

€3,000.00 

€4,000.00 

€5,000.00 

€6,000.00 

€7,000.00 

€8,000.00 

€9,000.00 

Da Vinci Hugo Versius

Comparative per-procedure costs for radical prostatectomy 
across the three robotic platforms

Equipment costs Robotic kit cost OR costs hospitalization costs

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 November 2025 doi:10.20944/preprints202511.0483.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0483.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 9 

 

Procedure revenues were based on the Diagnosis-Related Group (DRG) tariffs established by 
Lombardy Region, ensuring that the break-even estimates reflect actual reimbursement rates 
applicable to the hospital and providing a realistic assessment of economic sustainability. The 
Lombardy Region’s DRG robot-assisted radical prostatectomy amount to €8,777 per procedure. 

The BEA results indicate substantial differences in the minimum annual case volume required 
for cost recovery across the three platforms (Figure 2). The Hugo™ system reaches break-even at 
approximately 124 procedures per year, reflecting its lower total per-procedure cost. The Da Vinci 
system achieves break-even at around 161 procedures per year, whereas Versius® requires 
approximately 208 procedures per year, primarily due to higher overall costs. In Figure 3 the break-
even points across the three platforms are shown, they represents the minimum number of annual 
procedures required to recover total costs, based on fixed and variable cost components and DRG 
reimbursement of €8,777 per procedure from Lombardy Region. 

 

Figure 3. Break-even analysis of Da Vinci, Hugo™, and Versius® robotic platforms for radical prostatectomy. 

These findings highlight that the number of procedures necessary to achieve cost recovery is 
strongly influenced by per-procedure variable costs, particularly kit and operating room expenses, 
while fixed equipment costs remain relatively uniform across platforms. 

4. Discussion 

This study provides a comparative economic assessment of three robotic surgical platforms—
Da Vinci, Hugo™, and Versius®—currently in use at ASST Grande Ospedale Metropolitano 
Niguarda Hospital, with the objective of identifying the most cost-efficient solution for radical 
prostatectomy. By combining hospital-level data with evidence from the literature, the analysis offers 
a detailed overview of the economic sustainability of each system, focusing on both per-procedure 
costs and the volume thresholds required to achieve financial equilibrium. 

The cost-minimization analysis revealed that the Hugo™ platform achieved the lowest total per-
procedure cost (€6,991.26), followed by Da Vinci (€7,839.51) and Versius® (€8,424.97). The main cost 
differentials were driven by consumable and operating room expenditures, whereas equipment and 
hospitalization costs remained relatively uniform across platforms. These findings suggest that 
opportunities for cost reduction in robotic-assisted surgery are more likely to arise from optimizing 
variable resources—such as kit utilization and operating room efficiency—rather than from 
reductions in capital expenditure. 
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The break-even analysis further supported these results, showing that the Hugo™ platform 
reached cost recovery at approximately 124 procedures per year, compared with 160 procedures for 
Da Vinci and 208 for Versius®. Considering the DRG tariff for robot-assisted radical prostatectomy 
established by Regione Lombardia (€8,777 per procedure), the analysis indicates that the economic 
sustainability of robotic systems depends heavily on procedural volume. Hospitals with higher 
surgical throughput are more likely to achieve financial balance, whereas centers with lower case 
volumes may face challenges in recovering investment costs, particularly when using platforms with 
higher per-procedure expenses. 

From a managerial and strategic perspective, these findings emphasize the importance of 
aligning case volume, resource allocation, and reimbursement levels when introducing or expanding 
robotic surgery programs. In addition, the emergence of new competitors such as Hugo™ and 
Versius® marks an important step toward the democratization of robotic surgery, potentially 
fostering price competition and greater accessibility within public healthcare systems. 

Nevertheless, several limitations should be acknowledged. The analysis was limited to the 
urology field and focused exclusively on radical prostatectomy; therefore, the results cannot be 
directly generalized to other surgical specialties. Furthermore, the study relied on a relatively small 
dataset, combining hospital records and literature-derived information, which introduces a degree 
of uncertainty and variability in the estimates. As a consequence, cost differentials across platforms 
should be interpreted with caution. Additionally, the analysis adopted a hospital-based perspective 
and did not account for indirect costs such as training, learning curve effects, or long-term 
maintenance variations. 

In conclusion, within the evaluated context and under the assumption of clinical equivalence, 
the Hugo™ system emerged as the most cost-efficient and economically sustainable option for robot-
assisted radical prostatectomy. However, the observed variability in cost performance underscores 
the need for institution-specific evaluations and volume-based planning when selecting robotic 
technologies. Future research should extend this analysis to other surgical fields and larger datasets 
to confirm these findings and to support evidence-based decision-making in the ongoing evolution 
of robotic surgery. 
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