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 Postoperative image data was acquired approximately 6 months 
after the operation (Figure 2).  The patient at that time was symptom 
free (i.e. felt better than before the operation), although diagnostic 
imaging and testing indicated a progression of the disease.  There was 
mild narrowing of the profunda femoris arteries distally and the 
external iliac arteries that were bypassed had occluded completely. 
 

 
Figure 2.  MIP of preoperative (left) and postoperative 

(right) MRA data for case study. 
 

Surgical Planning 
 Figure 3 shows two different surgical plans for this case study.  
Using the system developed in this work, a vascular surgeon created 
the geometric model shown on the left side of the Figure 3.  The plan 
was created in the same graphics window with the volumetric image 
data, which provided additional anatomic context for planning the 
location of the graft.  The geometric model on the right was created 
using the postoperative image data as a guide to create a plan similar 
to the outcome of the actual operation.  

 
Figure 3.  Two different surgical plans. 

 
Simulation Results   
 Unstructured tetrahedral meshes were automatically created from 
the geometric models discussed above.  The boundary conditions used 
in the present work were prescribed from imaging data (i.e. PCMRI) 
and represent a state of rest.  Hemodynamic simulations were 
performed by solving the incompressible Navier-Stokes equations 
using stabilized finite-element methods.  Note the vessel walls were 
assumed rigid and blood was modeled as a Newtonian fluid.   
  Clinically relevant quantities of interest were then calculated and 
visualized including volumetric flow distributions, velocity profiles, 
and scalar clearance time for each proposed surgical procedure.  For 
this case study, the simulation results indicate extremely low 

(retrograde) flow in the external iliac arteries during resting 
conditions.  The simulated low flow in the external iliac arteries (an 
order of magnitude lower than the preoperative flow rates) could 
explain the clinically observed occlusion postoperatively (see Figure 
2).  In addition, wall shear stress (shown in Figure 4) is of interest 
because of its theorized role in atherosclerosis.   

 
Figure 4.  Mean wall shear stress for one surgical plan. 

 
DISCUSSION 
The results presented may be consistent with clinically relevant 
phenomena such as postoperative occlusion of the external iliac 
arteries.  However, simulation during exercise conditions is likely 
required to differentiate between similar procedures.   To this end, 
boundary conditions are currently being developed to utilize 
preoperatively acquired physiologic information to simulate exercise 
conditions.  In addition, relaxation of the rigid-wall assumption used in 
this work may in the future yield more realistic pressure solutions. 
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