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Figure 14. Sixteen frames from a fifty-frame animation made 
during the pulsatile-flow study of a simulated contrast medium 
injection. (The flow is from left to right.) A. through J. Frames 1 
through 10. K. Frame 15. L. Frame 20. M. Frame 25. N. Frame 30. 
o. Frame 40. P. Frame 49. Frames 1 through 50 represent one 
cycle of the pulse (see Fig. 11). 

FUTURE WORK 
We hope to extend the blood-flow simulation to in

clude the material properties of the vessel, also modeled 
using finite element method techniques, with the aim of 
developing a synthetic artery for use as a more general 
coronary research and assessment tool. The ability 
to simulate arterial hemodynamics faithfully would 
have benefits beyond the immediate application of 
arteriography. Inclusion of material properties models 
would permit the effects of compliance on hemodynam
ics to be considered. Conversely, the impact of hemody
namics on vessel structure could also be studied. Hemo
dynamic interactions with the mechanical properties of 
the wall are believed to playa major role in atherogenesis 
(long-term formation of lesions in the arterial wall), in 
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restenosis following balloon angioplasty, and in the onset 
of symptoms, including myocardial infarction, in previ
ously asymptomatic coronary artery disease patients. For 
example, plaque, a constituent of atherosclerotic lesions, 
may rupture as a result of material fatigue caused by 
hemodynamical forces,24 which may in turn lead to flow
limiting clot formation. Yet many plaques develop only 
small fissures that heal without consequence and pose no 
threat to the patient. A method is needed for examining 
the mechanical properties of plaques and considering the 
influences of hemodynamics on the development of stress 
cracks in plaques. 

The creation of a synthetic artery, although an under
taking requiring substantial resources to accomplish, will 
offer a unique ability to study and probe questions of 
coronary health not easily addressed otherwise. Another 
research opportunity using this capability is the design of 
a virtual catheterization environment for training and 
surgical planning. Development of this environment will 
require the incorporation of force-feedback devices to 
simulate catheter tension, balloon pressure, and three
dimensional imaging. A student using the tool could train 
and learn from an extensive set of catheterization exercis
es, thus offering educators greater control of the training 
environment and assuring a thorough exposure to the 
major issues in catheterization. The virtual catheteriza
tion environment would permit improved evaluation of 
students using standardized materials and unlimited op
portunities for practice without exhausting the supply of 
test materials or fear of patient or animal injury. Such a 
simulation tool would also offer treatment advantages, 
since it could be used by the clinician to plan catheter
ization or angioplasty or to consult with other clinicians 
in a lifelike, interactive fashion. This pilot study is, of 
course, a small step along the path to a synthetic artery, 
but continued evolution of this and other simulation tools 
integrated with additional sensory devices poses exciting 
possibilities for future medical applications. 
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