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Patient modeling and simulation is a very active area of research within TATRC.  While specific pharmacology and physiology models exist that are impressive in their capabilities, the goal should be the ability to represent human anatomy and physiology in total.  DARPA and TATRC have joined in the Virtual Soldier program in an attempt to push the state of the technology forward, so that Dr. Richard Satava’s vision of the Holomer, a 3-D virtual representation of self from the molecular to the whole body, can be realized.  Many hurdles remain in the progress of this and related efforts which will be discussed herein.

Presently, the state of the art for representation of a virtual human consists of rendering of the human form down to the organ and occasionally tissue level running in parallel with physiology engines, pharmacology and various gaming engines depending upon the use of the model human. (e.g. in a casualty management trainer the game engine manages learner decisions, while in surgical simulations it might function with collision detection and haptics engines to allow virtual surgery to be performed)  Generally, existing simulations only render one organ or body, often at low resolution, and in the cases where the anatomic data comes from cross sectional images of a specific patient the organs and tissues must be manually segmented.  Ideally, image data from any patient should be able to be loaded into the simulation and the segmentation would be accomplished automatically.  As imaging resolution improves, segmentation will potentially resolve to the cellular level.  A related hurdle is data volume, since present high resolution (sub-millimeter) rendering of tissues requires tremendous computing power.  Ideally, this will be able to be accomplished on a desktop or laptop computer.  Efforts are under way to address this issue.  Interoperability standards for image rendering and display also need to be addressed.
Another hurdle relates to data representation.  Presently there are several ontologies being used to describe anatomic and physiologic properties.  The Foundational Model of Anatomy (FMA) and SNOMED-CT are two that are commonly used.  FMA is significantly more detailed than SNOMED-CT.  Before any significant progress can be made, developers will need to agree upon what language is going to be spoken.  Standard ontologies for anatomy, physiology, pharmacology and pathology among other areas need to be agreed upon.
The software applications that allow a user to interact with the virtual human also need to be further developed and standardized.  An international effort to develop standardized open source Application Program Interfaces to enable realistic interaction with the virtual patient is underway. For increased realism, the unique tissue characteristics of different parts of the anatomy need to be determined and represented in the model human.  

Of great importance for modeling the human, multi-scale modeling capabilities need to be developed to allow the human to be modeled from the molecular to organism levels. A multi-agency RFP was released in the Fall of 2004 calling for research in this area.  

Given the issues discussed, in the arena of modeling the human, the three most important challenges and three most important information technology needs are:

1. Developing standardized ontologies for describing anatomy, physiology and pathology.

2. Development of Multi-scale Modeling technologies to allow realistic relationships between molecules, cells, organs and tissues to be represented,

3. Existing and future component models (physiology engines, pharmacology engines, image segmentation and rendering applications, etc) and simulations need to be developed around interoperability standards.

The roadmap over the next five to ten years should address these three issues simultaneously.  As advances are made in each area more complex models will be possible. A specific goal would be to develop the ability to model a specific human on a personal computer from cross sectional image data that can be used to rehearse surgeries and test medications or other therapies, with the physiology and pharmacology engines functioning at the subcellular level, within the next ten years.
