[image: ]


OFFICIAL

[image: Victoria State Government Department of Health]OFFICIAL

	


Robotic assisted surgery investment guidance for health services

	September 2024
OFFICIAL

	


Contents
Context	2
Purpose of this document	2
The robotic assisted surgery market	3
Ongoing costs	3
Key domains for health services to consider	5
Identified need	5
Requirements and dependencies	5
Capability, workforce, and location	6
Service delivery	8
References	10
Robotic assisted surgery investment guidance for health services	3

[bookmark: _Toc177481479][bookmark: _Toc135729415][bookmark: _Hlk41913885]Context
Robotic assisted surgery (RAS) is the latest development in surgical technology that may allow surgeons to complete more advanced procedures with better precision. There are different types of robots for orthopaedic and soft-tissue procedures. Orthopaedic robots use computed tomography (CT) or magnetic resonance imaging (MRI) to map the hip, knee, or spine for a meticulous procedure. Surgeons operate soft-tissue robots from a remote operating console within the operating theatre using virtual reality technology. 
The da Vinci soft-tissue RAS platform was commercially introduced in the United States in 2000, and Victoria introduced the system at the Epworth Hospital in 2003. Today soft-tissue RAS is considered a mainstream service in Victoria’s private health system. Orthopaedic robotic platforms are also now available and utilised in Australia. In recent years, surgeons working across public and private health systems have advocated for Victorian public health services to offer RAS technology. 
[bookmark: _Ref137802757][bookmark: _Ref137802753][bookmark: _Ref138062053]While RAS is an additional tool in an existing surgical program, it is a complex technology and implementation of new programs may pose risks for health services. While the key considerations of whether to invest in orthopaedic and soft-tissue RAS are similar, decisions around soft tissue RAS investment may require additional consideration. This includes variation in the types of robotic platforms and the quality of the existing evidence base[endnoteRef:2],[endnoteRef:3] specifically a lack of randomised controlled trials showing clear long term patient benefits that justify the additional costs associated with using robotic platforms.3,21,27,28 [2:  Lawrie L, Gillies K, Duncan E, Davies L, Beard D, Campbell MK. Barriers and enablers to the effective implementation of robotic assisted surgery. PLoS ONE 2022 Aug 29;17(8):21]  [3:  Lai T, Bouttell J, Boyd K. OP17 Robotic Versus Conventional Surgery: An Overview Of Systematic Reviews For Clinical Effectiveness With Quality Assessment Of Current Evidence. Int J Technol Assess Health Care 2022 12; 38:S8] 

[bookmark: _Ref138061554]In Victoria, the distribution of public soft-tissue RAS platforms is currently limited to central Melbourne (Parkville) and the west (Ballarat and Geelong). There is no public access to RAS in the east or north. As of the end of August 2023, the Department of Health (the department) is aware of three orthopaedic RAS platforms in the Victorian public health system: one at Barwon Health and the other two at the Austin. In 2021, the department changed the threshold at which health services must obtain prior department approval for significant equipment purchases from $2 million to $5 million, or 10% of their annual revenue (whichever is the lesser amount).[endnoteRef:4] Notwithstanding this change, establishing a new service at a publicly funded health service still requires department approval and support. [4:  State Government of Victoria. (2022, December 16). Policy and Funding Guidelines for health services. Retrieved from Department of Health: https://www.health.vic.gov.au/policy-and-funding-guidelines-for-health-services] 

Due to the increased availability of robotic platform models and the significant current capital and ongoing costs associated with implementation, this guidance has been developed to support health service investment decisions in soft tissue robotic platforms. The investment criteria could equally be applied to inform decision-making about orthopaedic robotic platforms.
[bookmark: _Toc177481480]Purpose of this document
This guidance has been prepared for health services considering investing in RAS to assesses readiness to implement robotic platforms as an additional tool within the health service’s existing surgical program. This guidance presents a series of questions grouped under four key domains for consideration prior to investment:
· identified need
· requirements and dependencies
· capability, workforce and location
· service delivery. 
This guidance is linked to the department’s managed growth policy approach to RAS (refer to Robotic assisted surgery policy position statement 2024). 
[bookmark: _Toc177481481]The robotic assisted surgery market
The da Vinci RAS platform has dominated the soft-tissue RAS market since its introduction to the Australian health system. However, the da Vinci patents are expiring[endnoteRef:5],[endnoteRef:6] and new models are entering the market.  [5:  Alkatout I, Salehiniya H, Allahqoli L. Assessment of the Versius Robotic Surgical System in Minimal Access Surgery: A Systematic Review. Journal of Clinical Medicine 2022;11(13):3754.]  [6:  Shanahan B, Kreaden US, Sorensen J, Stamenkovic S, Redmond KC. Is robotic lobectomy cheaper? A micro-cost analysis. Journal of Robotic Surgery 2022;16(6):1441-1450.] 

Since 2020, two new soft-tissue platforms, the Versius and Hugo, have received Therapeutic Goods Australia (TGA) approval29 and a third Japanese model, the Hinotori, at approximately half the price, is seeking to enter the Australian market.
Table 1: Approximate cost of robotic platforms	
	Platform
	Procedure type
	Platform cost estimate*
	TGA approval

	Da Vinci Xi
	Soft tissue
	$4.5 million
	Yes 

	Hugo
	Soft tissue
	$3.3 million
	Yes

	Versius
	Soft tissue
	$3.3 million
	Yes

	Hinotori
	Soft tissue
	$2.3 million
	Currently seeking TGA approval in Australia

	Senhance
	Soft tissue
	$2.25 million
	Approved in United Kingdom and Europe

	Avatera
	Soft tissue
	$2.25 million
	Approved in Europe

	ROSA
	Orthopaedic
	$1 million
	Yes

	Mako
	Orthopaedic
	$1 million
	Yes


*Platform cost estimates as of December 2023.
Increased market competition may place downward pressure on costs over time and make RAS more cost-effective in Victoria. 
[bookmark: _Toc177481482]Ongoing costs
In addition to significant capital outlay, ongoing costs for a RAS platform can include consumables of up to $5,000 per patient and annual servicing of $250,000.
The capital and ongoing costs of RAS are not covered under the nationally efficient procedure prices that drive public health care service funding.19,26
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Table 2: Key domains for health services to consider
	Identified need
	Requirements and dependencies
	Capability, workforce, and location
	Service delivery

	1. Has the need for RAS been identified in the strategic plan? 
2. What RAS procedures are intended to be approved for surgeon credentialling, and what surgical modality is currently used for these procedures? 
3. Is there evidence that the proposed procedures are safe and effective? 
4. How many RAS procedures are currently provided in the hospital and how many are proposed? 
5. What is the local demand for these procedures in the catchment and is it growing?
	6. Does the health service have the capacity to meet the RAS minimum caseload thresholds of 150 cases per year to support clinical safety, and 250 per year to become cost-effective?
7. Is there an option to develop a public-private partnership with a nearby private health service RAS? 
8. Does the health service have a dedicated cancer service?
9. Have all RAS requirements across the hospital been fully explored (e.g., approved engineer clearance on floor loading, doorway size, theatre size and capacity, CSSD washer and tray sizes, storage location)?
10. Does the health service have the required ICT capability and associated equipment to support the robotic platform?
	11. Can the health service fund the service and the cost of maintaining the robotic platform? 
12. What is the expected recurrent funding against costs? 
13. Can the health service meet the RAS minimum caseload thresholds of 250 per year to become cost-effective?
14. Is the required workforce for RAS sustainable? 
15. Have you developed training and education needs analysis and plans for surgeons, theatre technicians, nurses, and support staff?
16. Does the health service intend to provide fellowships in RAS?
17. Does the service have the relevant in-house services to support RAS (from engineering to ICUs and imaging)? 
18. Will the service location improve equity of access for Victorians where it is most needed?
	19. What type of RAS is proposed, and does it fit within the service model?
20. Has the requirement to upgrade interventional facilities, radiation therapy for cancer been considered? 
21. What other areas need to be considered for streamlined RAS patient throughput and how will this surgical modality change patient flow? 
22. Does the service have the capacity to develop robust governance structures and supporting materials? 
23. What is the expected impact on patent surgery throughput with the streamlining of RAS?



[bookmark: _Toc177481483]Key domains for health services to consider
[bookmark: _Toc177481484]Identified need
Has the need for RAS been identified in the strategic plan? 
What RAS procedures are intended to be approved for surgeon credentialling, and what surgical modality is currently used for these procedures?
Is there evidence that the proposed procedures are safe and effective? 
How many RAS procedures are currently provided in the hospital and how many are proposed? 
What is the local demand for identified procedures in the catchment and is it increasing?
Additional information
Orthopaedic robots
Literature reviews on orthopaedic procedures show RAS improves pedicle screw placement in spinal fusion procedures resulting in: 
· reduced neurological, vascular, and visceral damage 
· reduced infection 
· reduced need for revision surgeries.[endnoteRef:7],[endnoteRef:8]  [7:  Canadian Journal of Health Technologies. (2022). Robotic-Assisted Spinal Surgery. CADTH.]  [8:  ECRI. (2021). Robotic-assisted Orthopedic Surgical Platforms for Spinal Surgery. Plymouth, USA ] 

RAS has not been demonstrated to improve revision rates in hip and knee replacements, but it has been demonstrated to improve alignment of the limb with prosthesis for hip replacements.[endnoteRef:9]  [9:  ECRI. (2021). Robotic-assisted Orthopedic Surgical Platforms for Hip Arthroplasty. ECRI.] 

Prostatectomy 
RAS is well established in urology, comprising the bulk of the literature and RAS in Victorian public services; however, the evidence shows mixed results of improved clinical outcomes for prostatectomy and overall is of low quality. 
Australia has longer life expectancies and high corresponding rates of prostate cancer with up to three quarters of cases occurring in men over 85 years. Radical prostatectomy is associated with poorer sexual function and urinary outcomes than other treatments, but robot-assisted nerve sparing techniques are believed to improve continence and potency. 
Sizable longitudinal studies indicate radiation improves patient outcomes in prostate cancer where the risk was low;1 however, robot-assisted prostatectomy may be the preferred first line treatment because it has better outcomes for continence and erectile function.2 
[bookmark: _Toc177481485]Requirements and dependencies
1. Does the health service have the capacity to meet the RAS minimum caseload thresholds of 150 cases per year to support clinical safety, and 250 per year to become cost-effective?
Is there an option to develop a public-private partnership with a nearby private health service offering RAS? 
Does the health service have a dedicated cancer service?
Have all RAS requirements across the hospital been fully explored (e.g., approved engineer clearance on floor loading, doorway size, theatre size and capacity, CSSD washer and tray sizes, storage location)?
Does the health service have the required ICT capability and associated software and equipment to support the robotic platform?
Additional information
Clinical safety
[bookmark: _Ref138069004][bookmark: _Ref138066955]High volume centres improve clinical safety, as the RAS learning curve is significant1,4,9,30,31 and surgeons need to perform a high volume of surgeries to maintain their skills.[endnoteRef:10] The National Institute for Health and Care Excellence (NICE) recommends a minimum of 150 procedures per year to support clinical safety,[endnoteRef:11] although in practice, only half of United Kingdom hospitals in the National Health Service (NHS) can achieve this.[endnoteRef:12] In Canada, RAS is limited to centres performing 300 to 400 robotic procedures per year.[endnoteRef:13] [10:  Ismail A, Wood M, Ind T, Gul N, Moss E. The development of a robotic gynaecological surgery training curriculum and results of a delphi study. BMC medical education. 2020 Dec;20(1):1-7.]  [11:  National Institute of Health Care Excellence. (2019, May 9). Guidance, NICE advice and quality standards. Retrieved from National Institute of Health Care Excellence: https://www.nice.org.uk/guidance/ng131/resources/prostate-cancer-diagnosis-and-management-pdf-66141714312133]  [12:  Maynou L, Pearson G, McGuire A, Serra-Sastre V. The diffusion of robotic surgery: Examining technology use in the English NHS. Health Policy. 2022 Apr 1;126(4):325-36]  [13:  Parackal, A., Tarride, J., Xie, F., Blackhouse, G., Hoogenes, J., Hylton, D., . . . Shayegan, B. (2020). Economic evaluation of robot-assisted radical prostatectomy compared to open radical prostatectomy for prostate cancer treatment in Ontario, Canada. CUAJ, 14(8), E350-E357.] 

[bookmark: _Toc129776503]Engineering
RAS platforms are typically large and delicate, making transport between health service campuses impractical. Floor loading assessments are a requirement and health services also need to consider doorway size to ensure the health service can accommodate housing and storage of the robot. Additionally, consideration should be given to whether Central Sterile Supply Department (CSSD) washers and trays will be a suitable size to accommodate the robotic equipment. 
[bookmark: _Toc129776504]Additional equipment requirements 
Consideration of the compatibility of associated equipment, such as ultrasound, with the robotic device and any other required equipment upgrades in addition to the robot such as a second console, specialised theatre tables, and additional camera trays. 
Software requirements are an additional cost and functional consideration. Remote proctoring software, Proximie® telepresence, supports surgeons to receive real-time guidance and support from a remote proctor. The software is currently valued at approximately $35,000 (excluding GST) per site for 12 months. Given the extra clinical support required with RAS, the software may be a good investment particularly for health services in rural areas of Victoria. 
[bookmark: _Toc177481486]Capability, workforce, and location
1. Can the health service fund the service and the cost of maintaining the robotic platform? 
1. What is the expected recurrent funding against costs? 
1. Can the health service meet the RAS minimum caseload thresholds of 250 per year to become cost-effective?
1. Is the required workforce for RAS sustainable? 
1. Have you developed training and education needs analysis and plans for surgeons, theatre technicians, nurses, and support staff?
1. Does the health service intend to provide fellowships in RAS?
1. Does the service have the relevant in-house services to support RAS (from engineering to ICUs and imaging)? 
1. Will the service location improve equity of access for Victorians where it is most needed?
Additional information
Soft-tissue robots
Soft-tissue RAS platforms currently cost around $6.5 million for capital, engineering work, and compatible equipment upgrades. Ongoing costs include consumables of up to $5000 per patient and annual servicing of $250,000.32 The capital and ongoing costs of RAS are not covered under the nationally efficient procedure prices that drive public health service funding.19 
Under the current funding mechanism, health services are provided with the same funding amount based on the nationally efficient price for the procedure code, no matter whether the surgery is performed using open, laparoscopic, or robotic surgery. There are currently five additional secondary codes that can be added to the primary procedure code, but these do not attract additional funding. While there is insufficient data to conduct a Victorian analysis of the funding gap for RAS in the activity-based funding system, a NSW study found that the average gap was $4128 per procedure for a moderate throughput multi-specialty service performing just over 100 procedures per year.25 Based on analysis of the available Australian studies,30 it appears that RAS becomes cost effective at around 250 procedures per year.
Orthopaedic robots
Orthopaedic surgical robots are used in bone procedures including hip and knee replacements and spinal surgery and currently cost around $1 million for the robotic platform. Orthopaedic robots guide the surgeon during the procedure by mapping the hip, knee, or spine to allow more precise removal of diseased tissue, cleaner cuts, and better fitting and alignment of prosthesis and supporting screws. 
Prosthesis must be compatible with the robotic platform, and services purchase robots under risk-sharing agreements consisting of a 12-month loan of the device with a volume agreement on prosthesis. After the 12-month period the health service may choose to purchase the device and establish an ongoing relationship with the device manufacturer for compatible prosthesis or consumables. Orthopaedic platform suppliers report that they have listened to the public market and are providing prothesis at the HealthShare equivalent agreed prices making RAS cost effective for these procedures. 
Workforce skills and training
RAS involves considerable changes to staff communication requirements, and workflow in operating theatres. Minimum numbers of procedures are required to maintain RAS skills and provide safe services. Appropriate training, credentialling, governance and performance support are required not only for surgeons, but also theatre technicians, nurses, and anaesthetists to maintain high quality clinical care. 
[bookmark: _Ref137822159][bookmark: _Ref137816466][bookmark: _Ref137822040]The learning curve of RAS is significant[endnoteRef:14],[endnoteRef:15] and adverse events may occur while surgeons are learning this new technique.[endnoteRef:16] The quality of training programs can be highly variable, as training is frequently provided internationally by device suppliers.[endnoteRef:17] Virtual reality simulation is well documented to improve learning and skills before a surgeon commences surgical procedures with patients[endnoteRef:18] and experience in laparoscopic surgery is also beneficial due to transferable skills. [14:  Lawrie L, Gillies K, Duncan E, Davies L, Beard D, Campbell MK. Barriers and enablers to the effective implementation of robotic assisted surgery. PLoS ONE 2022 Aug 29;17(8):21.]  [15:  Bogue R. The rise of surgical robots. The Industrial Robot 2021;48(3):335-340]  [16:  Lawrie L, Gillies K, Davies L, Torkington J, McGrath J, Kerr R, et al. Current issues and future considerations for the wider implementation of robotic-assisted surgery: a qualitative study. BMJ Open 2022;12(11).]  [17:  Kerr, R. S. (2020). Surgery in the 2020s: Implications of advancing technology for patients and the workforce. Future Healthcare Journal, 7(1), 46-9.]  [18:  MacCraith E, Forde JC, Davis NF. Robotic simulation training for urological trainees: a comprehensive review on cost, merits and challenges. Journal of Robotic Surgery 2019;13(3):371-377] 

[bookmark: _Ref137803861]Training surgeons primarily in RAS carries a risk of deskilling surgeons in traditional surgical methods including open and laparoscopic surgery. This may limit the ability to practice to institutions where RAS is the primary surgical method.[endnoteRef:19] Peter MacCallum Cancer Centre have a highly competitive internationally recognised RAS fellowship program. They employ two fellows (surgeons eight years post initial training) per year with prerequisite and transferable laparoscopic skills.[endnoteRef:20]  [19:  Lam K, Purkayastha S, Kinross JM. The Ethical Digital Surgeon. Journal of Medical Internet Research 2021 07;23(7).]  [20:  Waters, P. S, J Flynn, J. T Larach, D Fernando, O Peacock, J. D Foster, M Flood, J. J McCormick, S. K Warrier, and A. G Heriot. 2021. “Fellowship training in robotic colorectal surgery within the current hospital setting: an achieveable goal?” ANZ Journal of Surgery 91: 2337-2344] 

[bookmark: _Toc137820379]Access to RAS services
Distribution of Victorian public soft-tissue RAS platforms is currently limited to Parkville, Ballarat and Geelong. There is no current public access to RAS in the east or north.
Comparatively, there are more robotic platforms in the private sector, creating an equity of access issue between the public and private sector. Additionally, most Victorian RAS platforms are used exclusively in urology, with prostatectomy being the primary procedure although, there is increasing use of RAS in gynaecology. 
[bookmark: _Toc177481487]Service delivery
1. What type of RAS is proposed, and does it fit within the service model?
1. Has the requirement to upgrade interventional facilities, radiation therapy for cancer been considered? 
1. What other areas need to be considered for streamlined RAS patient throughput and how will this surgical modality change patient flow? 
1. Does the service have the capacity to develop robust governance structures and supporting materials?
1. What is the expected impact on patent surgery throughput with the streamlining of RAS?
Additional information
Impact on throughput
Systematic reviews on soft-tissue RAS show that surgeries typically take longer to perform[endnoteRef:21], [endnoteRef:22],[endnoteRef:23],27 and therefore may reduce theatre capacity and throughput. The evidence shows short-term patient functional outcomes are improved reducing the length of patient stay in hospital3,9,21,24,27 that may help improve health service efficiency, as ward beds are spared. [21:  Ferri V, Quijano Y, Nuñez J, Caruso R, Duran H, Diaz E, Fabra I, Malave L, Isernia R, d’Ovidio A, Agresott R. Robotic-assisted right colectomy versus laparoscopic approach: case-matched study and cost-effectiveness analysis. Journal of Robotic Surgery. 2021 Feb; 15:115-23]  [22:  Khetrapal P, Catto JWF, Kelly JD. Robot-assisted versus open cystectomy in the RAZOR trial. The Lancet 2019 Feb 16;393(10172):644-645]  [23:  Soon David SC, Xavier M, Lee DJ, Moore P, Clough A. Australian experience with robot-assisted Roux-en-Y gastric bypass with comparison to a conventional laparoscopic series. Surg Endosc 2022 06;36(6):4025-4031] 

Governance 
It is well recognised internationally that standardised RAS training programs and local governance frameworks are essential to ensuring patient safety. The Royal Australasian College of Surgeons (RACS) have identified the need develop surgical standards for RAS and have been working with the International Medical Robotics Academy (IMRA) as subject matter experts. In early 2023, RACS publicly endorsed the IMRA RAS training program and IMRA now provide the first and only RAS training program approved and endorsed by RACS. Initial case selection for RAS trainees is important and the evidence supports the selection of simple surgical cases while trainees refine their skills during the first surgical cases.20
A local governance structure for the RAS program should be developed such as a Robotic Surgery Steering Committee (RSSC). Case reviews and Morbidity and Mortality (M&M) functions may be undertaken by the steering committee that include senior staff membership such as a Chief Medical Officer. Sub-committees are also encouraged to develop training and research. 
Documentation to support implementation of a RAS program include: 
· your local clinical governance framework 
· a RAS implementation framework
· RSSC and subcommittee terms of reference 
· a proctor accreditation pathway
· local RAS surgery policies 
· RAS clinical guidelines.
This information will need to be reviewed by the department when establishing the service.
Data collection
[bookmark: _Ref137805683]Data security and privacy are important considerations, as the devices automatically capture data, that may be used to support surgeon learning but may also compromise patient and surgeon privacy.[endnoteRef:24]  [24:  McBride KE, Steffens D, Solomon MJ, Anderson T, Young J, Leslie S, Thanigasalam R, Bannon PG. Research as the gatekeeper: introduction of robotic-assisted surgery into the public sector. Australian Health Review. 2019 Jul 16;43(6):676-81] 

The data collected from health services as part of the Victorian Admitted Episodes Dataset[endnoteRef:25] covers basic information such as intensive care unit admitted hours and length of patient stay but does not capture enough information to adequately assess the impact of the RAS learning curve, the quality and safety of RAS, and the additional costs. [25:  State Government of Victoria. (2022, December 16). Policy and Funding Guidelines for health services. Retrieved from Department of Health: https://www.health.vic.gov.au/policy-and-funding-guidelines-for-health-services
27 Australian Commission on Safety and Quality in Health Care. (2022, April). Hospital-acquired complications (HACs). Retrieved from Australian Commission on Safety and Quality in Health Care: https://www.safetyandquality.gov.au/our-work/indicators/hospital-acquired-complications
28 Independent Hospital and Aged Care Pricing Authority. (2023). Safety and quality. Retrieved from IHACPA: https://www.ihacpa.gov.au/sites/default/files/2022-08/hospital_acquired_complications_fact_sheet_0.pdf
29 Crew B. (2020) A closer look at a revered robot. Nature, suppl.nature index 2020 Apr 23;580(7804):S5-S7.
30 Hughes T, et al. (2023). The Availability, Cost, Limitations, Learning Curve and Future of Robotic Systems in Urology and Prostate Cancer Surgery. Journal of Clinical Medicine 2023;12(6):2268
31 Morton, J., & Stewart, G. (2022). The burden of performing minimal access surgery: ergonomics survey results from 462 surgeons across Germany, the UK and the USA. Journal of Robotic Surgery, 16, 1347-1354.
32 MacCraith E, et al. (2019). Robotic simulation training for urological trainees: a comprehensive review on cost, merits and challenges. Journal of Robotic Surgery 2019;13(3):371-377] 

To that end, the department will engage the health sector to establish standardised data collection requirements that are designed to articulate the clinical outcomes, workforce sustainability and economic benefits of RAS. These data foundations will serve to build the RAS evidence base and facilitate:
· health workforce skills development
· strong clinical research
· full realisation of technological developments 
· addressing patient access and safety
· inform strategic investment
· system efficiencies and cost effectiveness.
Research
While RAS was established in Victoria in 2003, contributions to the evidence base have been limited unlike public services in NSW who have ensured that all RAS patients are enrolled in a clinical trial.
Research activities and partnerships with academic institutions such as Monash Partners and Melbourne Academic Centre for Health (MACH) are encouraged, to progress randomised controlled trials.
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