Use of plant model simulations in developing medical device software 
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Position:  Reduce the costs of developing and testing safety-critical medical device software through the increased use of analytical methods employing ‘plant model’ simulations. It is important to note that human clinical trials will always be required to demonstrate efficacy and safety of medical devices for their intended uses. This paper recommends that wherever economically feasible, analytical methods should be used instead of clinical methods, particularly during the early prototyping phases of development.  For the purposes of this paper, medical devices are those that support or sustain human life, are of substantial importance in preventing impairment of human health, or present a potential unreasonable risk of illness or injury to the patient.

Aerospace industry companies for decades have made wide use of air-vehicle simulations in the development of automatic control systems. Simulations are used during all phases of product development – requirements definition, system specifications and test, system integration test, flight crew training, and air vehicle certification by the appropriate regulatory body. 

In the commercial air transport industry, simulations of the airplane – the ‘plant model’ – are typically developed by the manufacturer and are validated by flight test prior to receiving regulatory approval to manufacture and sell airplanes. 

From the economic value standpoint, airplane simulations are most valuable to the airplane manufacturer and third party crew training simulator manufacturers who purchase the simulator ‘data package’ from the airplane maker. The available funding and technical expertise required to define and develop the simulation are both in-house. This is not generally true for medical device manufacturers. Challenges remain.

1) What are three most important challenges?

1) Identify critical needs.   From the US public health standpoint, the areas of greatest unmet needs for safety critical medical devices need to be identified.  For these areas, identify the level of simulation fidelity required to develop and test those devices. Collaborate with the FDA as required to determine the necessary fidelity. One public health area that comes to mind is insulin-dependent diabetes, and the corresponding medical is an insulin pump closed-loop controller.

1) Feasibility and Cost/Benefit analyses:  The costs of developing human metabolic process simulations need to be analyzed; both in light of the projected reduced costs and flow time for developing the companion medical devices, and the expected improvement in public health.

2) Economics:  Economic relationships between the medical community (the domain experts for the metabolic processes,) academic scientists (who create the simulation model algorithms,) medical device manufacturers (who use the simulations,) and funding sources (who pay for the initial development of the simulations) need to be defined.  It is essential to create relationships and incentives that promote a self-sustaining process or business model.

2. What are three most important information technology research needs?

(The below tasks could be done prior to and in expectation of completing the “most important challenges” above.)

1) Obtain a working understanding of the work that others have done in developing and validating diabetes-related human metabolic process simulations.  See the paper “Mathematical models and software tools for the glucose-insulin regulatory system and diabetes: an overview” by Makroglou, Li, and Kuang. 
2) Implement the above simulation using a tool like MatLab Simulink. Conduct an independent evaluation of the above simulation using clinical data. Robert Kircher can provide the clinical data.

3) Recommend ways to improve the model so that it’s performance matches clinical trial scenarios in 2) above with an accuracy of +/- 15%.

3. What is a possible roadmap for the next 5 to10 years?
Year 1: Identify public health areas with the greatest need for medical device solutions that could be cost-effectively developed using high fidelity human metabolic process simulations.

Year 2: Conduct feasibility and cost/benefit analyses for developing metabolic process simulations for the above medical devices.

Year 3: Define the business model for developing and using simulations. Obtain initial funding to develop highest priority model.  Develop and validate model using clinical data.

Year 4 and onward:  Medical device manufacturer uses model to develop medical device prototype prior to human clinical trails.
