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1. Clinical Significance & Condition  
 

Hemodynamic may play an important role in other anomalies in the aorta. An overview of some of major 
anomalies has been provided below. 
 
Both the thoracic and abdominal aorta are prone to the development of aneurysms and hemodynamic and 
biomechanical forces are thought to play a role in the progression of the disease and risk of rupture. 
Rupture of Abdominal Aortic Aneurysms (AAA) carries a risk of death of up to 90%. They are more common in 
men and are present in 1.3% of men aged 45-54 and 12.5% of men 75-84 years old. They are present in 0% and 
5.2% of women in respective age groups [1]. On the other hand, the prevalence of Thoracic aortic aneurysms is 
equal in men and women with an incidence rate of 10.4 per 100,000 person-years [1].Thoracic aortic aneurysms 
can occur as a result of aortic dissection, which can occur anywhere in the aorta but more often occur in the 
thoracic aorta. Aortic dissection is a tear in the internal lining of the wall of the aorta. The prevalence of aortic 
dissection is estimated to be around 2.9-3.5% per 100,000 person-years, a majority of which are male [1].  
 
Coarctation of the Aorta (CoA) refers to the narrowing of any section of the aorta; however, CoA is most 

commonly seen in the area immediately after the arch of the aorta, the site where the ductus arteriosus closes 

[2]. CoA is the fifth of most common cardiovascular defect at birth, though it may also develop as a result of 

other cardiovascular anomalies in infancy, adolescence, and early adulthood [3]. It accounts for 8-11% of 

congenital heart defects in the U.S and affects about 1 out of 10,000 individuals of all ages [4, 5]. Despite the 

various options for treatment, CoA has been associated with decreased in life expectancy and long term 

morbidity [4]. 
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2. Clinical Data 
 

Patient-specific volumetric image data was obtained to create physiological models and blood flow simulations.  

Details of the imaging data used can be seen in Table 1.  See Appendix 1 for details on image data orientation. 

 
Table 1 ς Patient-specific volumetric image data details (mm). Voxel Spacing, voxel dimensions, and physical dimensions are provided in the Right-Left 

(R), Anterior-Posterior (A), and Superior-Inferior (S) direction. 

OSMSC ID Modality Voxel Spacing Voxel Dimensions Physical Dimensions 

    R A S R A S R A S 

0138_1001 CT 0.5469 0.5469 2.5 512 512 171 280 280 427.5 

0139_1001 CT 0.5469 0.5469 2.0 512 512 196 280 280 392.0 

0140_2000 CT 0.5469 0.5469 2.5 512 512 196 280 280 490.0 

0141_1001 CT 0.5469 0.5469 2.0 512 512 201 280 280 402.0 

0142_1001 CT 0.5469 0.5469 2.5 512 512 190 280 280 475.0 

0144_1001 CT 0.5469 0.5469 2.0 512 512 215 280 280 430.0 

0145_1001 CT 0.4883 0.4883 2.0 512 512 202 250 250 404.0 

0146_1001 CT 0.5469 0.5469 2.0 512 512 234 280 280 468.0 

0147_1000 CT 0.4883 0.4883 2.0 512 512 185 250 250 370.0 

0148_1001 CT 0.5469 0.5469 2.5 512 512 149 280 280 372.5 

0149_1001 CT 0.5469 0.5469 2.5 512 512 199 280 280 497.5 

0150_0001 CT 0.5469 0.5469 2.0 512 512 213 280 280 426.0 

0151_0001 CT 0.4883 0.4883 2.0 512 512 227 250 250 454.0 

0156_0001 CT 0.5469 0.5469 2.0 512 512 232 280 280 464.0 

0157_0000 CT 0.7031 0.7031 2.5 512 512 165 360 360 412.5 
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Available patient-specific clinical data collected can be seen in Table 2. 
 

Table 2 ς Available patient-specific clinical data 

OSMSC ID Age Gender 
Heart Rate 

(bpm) 
Height 

(m) 

Systolic 
Pressure 
(mmHg) 

Diastolic 
Pressure 
(mmHg) 

Weight 
(Kg) 

0138_1001 73 M 62 1.73 74 122 94.3 

0139_1001 79 F 62 1.57 78 124 72.6 

0140_2000 76 M 68 1.73 80 138 88.5 

0141_1001 64 M 76 1.80 82 130 70.3 

0142_1001 75 M 64 1.73 78 118 86.6 

0144_1001 66 M 76 1.68 70 130 89.8 

0145_1001 68 M 68 1.65 80 130 70.3 

0146_1001 70 M 68 1.78 80 138 106.1 

0147_1000 63 M 90 1.60 80 140 70.3 

0148_1001 70 M 70 1.78 60 100 153 

0149_1001 75 M 72 1.80 80 122 97.5 

0150_0001 48 M 51 1.73 80 140 81.2 

0151_0001 71 M 70 1.75 80 130 89.4 

0156_0001 69 M 72 1.78 80 122 99.8 

0157_0000 71 M 69 1.73 77 130 85.7 
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3. Anatomic Model Description  
 

Anatomic models were created using customized SimVascular software (Simtk.org) and the image data 

described in Section 2. AAA models extend from the supraceliac aorta, include the splenic, hepatic, renal, 

superior and inferior mesenteric (when visible), and iliac arteries, and end before the femoral and profunda 

femoris artery bifurcation.  See Appendix 2 for a description of modeling methods.  See Table 3 for a visual 

summary of the image data, paths, segmentations and solid model constructed. 

Table 3 ς Visual summary of image data, paths, segmentations and solid model. 

OSMSC ID Image Data Paths 
Paths and 

Segmentations 
Model 

ID: OSMSC0138 

subID: 1001 

Age: 73 

Gender: M 

 

 

 

 

ID: OSMSC0139 

subID: 1001 

Age: 79 

Gender: F 
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ID: OSMSC0140 

subID: 2000 

Age: 76 

Gender: M 

 

  

 

ID: OSMSC0141 

subID: 1001 

Age: 64 

Gender: M 

 

 

 

 

ID: OSMSC0142 

subID: 1001 

Age: 75 

Gender: M 
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ID: OSMSC0144 

subID: 1001 

Age: 66 

Gender: M 

 

  

 

ID: OSMSC0145 

subID: 1001 

Age: 68 

Gender: M 

 

 

 

 

ID: OSMSC0146 

subID: 1001 

Age: 70 

Gender: M 

 

  

 

 

 

 



© 2013 Open Source Medical Software Corporation. All Rights Reserved. Page 8 
 

ID: OSMSC0147 

subID: 1000 

Age: 63 

Gender: M 

 

 

 

 

ID: OSMSC0148 

subID: 1001 

Age: 70 

Gender: M 

 

  

 

ID: OSMSC0149 

subID: 1001 

Age: 75 

Gender: M 
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ID: OSMSC0150 

subID: 0001 

Age: 48 

Gender: M 

 

 

 

 

ID: OSMSC0151 

subID: 0001 

Age: 71 

Gender: M 

 

 

 

 

ID: OSMSC0156 

subID: 0001 

Age: 69 

Gender: M 
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ID: OSMSC0157 

subID: 0000 

Age: 71 

Gender: M 

 

  

 

 

Details of anatomic models, such has number of outlets and model volume, can be seen in Table 4. 

 
Table 4 ς Anatomic Model details 

OSMSC ID Inlets Outlets (cm3) 
Volume 
(cm2) 

Surface Area 
(cm2) 

Vesel Paths 
2-D 

Segementations 

0138_1001 1 9 130.1415 350.7709 9 239 

0139_1001 1 9 105.8332 313.3079 9 232 

0140_2000 1 10 167.6048 455.9479 10 231 

0141_1001 1 10 135.5448 337.2218 10 212 

0142_1001 1 11 219.7345 510.3702 11 226 

0144_1001 1 10 139.3173 356.1389 10 258 

0145_1001 1 10 114.3593 362.6237 13 228 

0146_1001 1 10 180.2245 445.8886 12 179 

0147_1000 1 10 133.9180 378.1500 10 259 

0148_1001 1 10 80.1086 256.9141 10 237 

0149_1001 1 10 166.5918 440.5111 11 266 

0150_0001 1 10 209.5925 493.8303 10 217 

0151_0001 1 10 178.8204 451.8845 10 238 

0156_0001 1 10 188.8929 468.7181 10 144 

0157_0000 1 9 226.3561 525.3924 9 205 
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4. Physiological Model Description  

 

In addition to the clinical data gathered for this model, several physiological assumptions were made in 

preparation for running the simulation.  See Appendix 3 for details.  

 

5. Simulation Parameters & Details  
 

5. 1 Simulation P arameters  
 

See Appendix 4 and the conference presentation featuring these models [6] for information on the physiology 

and simulation specifications. Simulation parameters are shown in  Table 5. 

 
Table 5 ςSimulation Parameters 

OSMSC ID 
Time Steps per 

Cycle Time Stepping Strategy 

0138_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0139_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0140_2000 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0141_1001 3200 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0142_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0144_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0145_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0146_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0147_1000 3200 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0148_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0149_1001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0150_0001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0151_0001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0156_0001 3200 residual_control 1 min_iter 3 max_iter 10 criteria 0.01 

0157_0000 3200 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

 

5. 2 Inlet Boundary C onditions  
 

Clinically acquired patient height and weight were used to calculate patient BSA based on the Moseller 

equation. The BSA was then used to calculate the cardiac output based on the Baker equation. Flow to the 

supraceliac aorta was assumed to be 66% of the cardiac output [7, 8]. Patient-specific inflow waveforms were 

created by scaling a gender-matched representative supraceliac aortic waveform and prescribed to the inlets of 

the computational fluid dynamics (CFD) models (Figure 1). See   
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Table 6 for the period and calculated cardiac output for each simulation. 
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Table 6 ς Period and Cardiac Output from waveforms seen in Figure 1 

OSMSC ID Period (s) 
Cardiac Output 

(L/min) 

Profile Type 

0138_1001 0.968 5.71 Womersley 

0139_1001 0.968 4.57 Womersley 

0140_2000 0.882 5.49 Womersley 

0141_1001 0.789 4.88 Womersley 

0142_1001 0.938 5.42 Womersley 

0144_1001 0.789 5.44 Womersley 

0145_1001 0.882 4.62 Womersley 

0146_1001 0.882 6.24 Womersley 

0147_1000 0.667 4.53 Womersley 

0148_1001 0.857 4.8 Womersley 

0149_1001 0.833 5.98 Womersley 

0150_0001 1.176 5.2 Womersley 

0151_0001 0.857 5.57 Womersley 

0156_0001 0.833 6.01 Womersley 

0157_0000 0.870 5.38 Womersley 
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© 2013 Open Source Medical Software Corporation. All Rights Reserved. Page 15 
 

  

 

 

 
Figure 1 ς Inflow waveforms in L/min 
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5. 3 Outlet Boundary Conditions  
 

Volumetric flow to each outlet vessel was distributed based on literature data. From the supraceliac flow 21.7% 

was prescribed to the celiac artery, 14.7% to the superior mesenteric artery, and 4.8% to the inferior mesenteric 

artery when visible in the image data [9]. The flow to the celiac artery was split between the hepatic and splenic 

arteries based on outlet areas. About 23.3% of cardiac output is thought to go to the kidneys [10]. This flow was 

split evenly between the right and left renal arteries. This leaves 29.8% of the remaining flow from the 

supraceliac aorta to flow through the infrarenal aorta, which is consistent with findings from Cheng et. al. based 

on PCMRI flow data collected in healthy male subjects ages 20 to 24 years [11]. The remaining flow to the 

infrarenal aorta was then split evenly between the left and right common iliac arteries. Flow was then 

distributed to the external iliac and internal iliac arteries at a 70% and 30% of the common iliac artery flow 

respectively.  

Pressure targets for the simulation were obtained from clinical values (see Section 2 above).  

Table 7 ς Flow distributions 

OSMSC 
ID 

Hepatic IMA 
Left 

External 
Iliac 

Left 
Internal 

Iliac 

Left 
Renal 

Right 
External 

Iliac 

Right 
Internal 

Iliac 

Right 
Renal 

SMA Splenic 

0138_1001 10.7% - 9.9% 4.2% 17.7% 9.9% 4.2% 17.7% 14.7% 11.0% 

0139_1001 11.6% - 9.9% 4.2% 17.7% 9.9% 4.2% 17.7% 14.7% 10.1% 

0140_2000 13.8% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 7.9% 

0141_1001 10.8% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 10.9% 

0142_1001 7.2% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 14.5% 

0144_1001 10.6% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 11.1% 

0145_1001 3.8% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 17.9% 

0146_1001 11.7% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 10.0% 

0147_1000 8.9% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 12.8% 

0148_1001 8.6% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 13.6% 

0149_1001 12.1% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 9.6% 

0150_0001 10.1% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 11.6% 

0151_0001 8.1% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 13.6% 

0156_0001 6.9% 4.8% 8.2% 3.5% 17.7% 8.2% 3.5% 17.7% 14.7% 14.8% 

0157_0000 9.5% - 9.9% 4.2% 17.7% 9.9% 4.2% 17.7% 14.7% 12.2% 

 

6. Simulation Results  
 

Simulation results were quantified for the last cardiac cycle.  Paraview (Kitware, Clifton Park, NY), an open-

source scientific visualization application, was used to visualize the results. A volume rendering of velocity 

magnitude for three time points during the cardiac cycle can be seen in Table 9 for each model. 
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Table 8 ς Volume rendering velocity during peak systole, end systole, and end diastole.  All renderings have the scale below with units of cm/s 

OSMSC ID Peak Systole End Systole End Diastole 

ID: OSMSC0138 

subID: 1001 

Age: 73 

Gender: M 

 

 

 

ID: OSMSC0139 

subID: 1001 

Age: 79 

Gender: F 

 

 

 

ID: OSMSC0140 

subID: 2000 

Age: 76 

Gender: M 
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ID: OSMSC0141 

subID: 1001 

Age: 64 

Gender: M 

   

ID: OSMSC0142 

subID: 1001 

Age: 75 

Gender: M 

   

ID: OSMSC0144 

subID: 1001 

Age: 66 

Gender: M 
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ID: OSMSC0145 

subID: 1001 

Age: 68 

Gender: M 

  

 

ID: OSMSC0146 

subID: 1001 

Age: 70 

Gender: M 

   

ID: OSMSC0147 

subID: 1000 

Age: 63 

Gender: M 

   

ID: OSMSC0148 

subID: 1001 

Age: 70 

Gender: M 
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ID: OSMSC0149 

subID: 1001 

Age: 75 

Gender: M 

 

  

ID: OSMSC0150 

subID: 0001 

Age: 48 

Gender: M 

 

  

ID: OSMSC0151 

subID: 0001 

Age: 71 

Gender: M 

   

 

 

 



 

 

 



 

 

 


