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Figure 4 ς left subclavian patch 
angioplasty for coarctation of 
the aorta 

1. Clinical Significance & Condition  
Coarctation of the aorta (CoA) is the fifth of most common congenital cardiovascular defect, [1] accounting for 

8-11% of congenital heart defects in the U.S and affecting approximately 1 out 

of 10,000 individuals of all ages [2, 3].  

 

CoA refers to a narrowing of any section of the aorta; however, CoA is most 

commonly seen in the area immediately after the transverse arch, 

where the ductus arteriosus inserts (Figure 1) [4]. During the first week of 

birth, when the ductus arteriosus typically closes and the tissue in the area 

becomes constricted, this may cause narrowing of the aorta [4]. CoA is 

usually diagnosed in the newborn period when absent or weak femoral 

pulses are detected on physical exam, or in the most severe cases, when the 

baby presents in cardiogenic shock.  In older patients, the most common 

symptom is high blood pressure, which may be detected as early as the first week of birth [4] but more often, 

and in milder cases, it may not be detected until early adolescence [5]. Overall, CoA is usually diagnosed before 

age 40 [5].   

 

CoA is usually treated soon after diagnosis using surgical methods or 

transcatheter techniques (balloon angioplasty/stenting). Surgical procedures 

most commonly performed include end-to-end anastomosis, end-to-side 

anastomosis, and subclavian flap 

repair [6, 2].  For end-to-end 

anastomosis, the narrowed 

segment of the aorta is removed and 

both ends of the aorta are 

brought together (Figure 2) [6]. For 

end-to-side anastomosis, the narrowed segment of the aorta may or may 

not be removed. Most commonly, the narrowed segment is tied or 

removed and the descending aorta is reattached to a separate incision 

to the undersurface of the aorta (Figure 3a) [7, 8]. Rarely, the narrowed 

segment is not removed and a jump graft may be used to connect the 

descending aorta to the aortic arch proximal to the coarctation (Figure 3b). 

When the coarctation involves a large segment of the aorta, left subclavian 

patch angioplasty may be performed, where the left subclavian artery is incised 

longitudinally and the subclavian artery flap is then folded over the segment 

where the aorta was narrowed. (Figure 4 ) [9, 10]. 

 

Balloon angioplasty may be used as initial treatment or, more commonly, to 

treat recoarctation in patients that have previously undergone surgery. This 

procedure consists of inserting a balloon catheter into the constricted aorta 

and inflating the balloon to expand the narrowed segment. In patients in adolescent years or older, a stent may 

be placed in the expanded area after balloon angioplasty is performed (Figure 5) [6].  

 

Figure 1 - Coarctation of the Aorta 

 

Figure 2 - End-to-end anastomosis 
for coarctation of the aorta 

    
                (a)                                     (b) 
 
Figure 3 - Two examples of end-to-side 
anastomosis for coarctation of the aorta 
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Figure 5 - Balloon angioplasty 
with stenting  

 

Despite the various options for treatment, CoA has been associated with 

decreased in life expectancy and long term morbidity [2]. For this reason, further 

investigation on treatment outcomes, including hemodynamics, is important. 

Research attempting to identify hemodynamic differences that may allow the 

utilization of blood flow simulation for surgical decision making is already 

underway. This includes in vivo animal models that help ensure heterogeneity in 

study cohorts and add the value of experimental information otherwise not 

obtainable in patients. The model presented below makes an addition to public 

data that may be used for verification and validation of blood flow computational 

models and encourages novel studies for coarctation of the aorta. 

2. Clinical Data 
 

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

Gadolimium-enhanced MRA image data was acquired for all patients [11]. The scans represent the control 

subjects and patients aortic coarcatation after end-to-end anastomosis. 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 
0090_0000 MR 1.1000 0.6836 0.6836 100 512 512 110.00 350.00 350.00 

0091_0000 CT 0.4238 0.4238 0.5000 512 512 342 217.00 217.00 171.00 

0092_0000 CT 0.6016 0.6016 5.0000 512 512 54 308.00 308.00 270.00 

0093_0000 MR 1.3000 0.5859 0.5859 92 512 512 119.60 300.00 300.00 

0094_0000 MR 1.2289 0.5859 0.5859 64 512 512 78.65 299.98 299.98 

0095_0000 MR 1.3002 0.5859 0.5859 64 512 512 83.22 299.98 299.98 

0101_0000 MR 1.2000 0.6836 0.6836 72 512 512 86.40 350.00 350.00 

0102_0000 MR 1.0000 0.5469 0.5469 80 512 512 80.00 280.00 280.00 

0103_0000 MR 1.2000 0.6250 0.6250 88 512 512 105.60 320.00 320.00 

0104_0000 MR 1.2000 0.5859 0.5859 88 512 512 105.60 300.00 300.00 

0105_0000 MR 1.1000 0.6836 0.6836 88 512 512 96.80 350.00 350.00 

 
 
Clinical data available for each subject and patient can be seen in . 
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Table 2. A summary of PC-MRI data collected can be found in Table 3. 
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Table 2 ς Available patient-specific clinical data 

OSMSC ID Age (Yrs.) Gender BSA (m
2
) CI (ml/m

2
) DP (mmHg) SP (mmHg) 

0090_0000 13 M - - - - 

0091_0000 6 M 0.66 - 53 91 

0092_0000 11 M - - - - 

0093_0000 11 F - - - - 

0094_0000 23 M - - - - 

0095_0000 26 M - - - - 

0101_0000 13 M - - - - 

0102_0000 5 M 0.69 3.51 72 106 

0103_0000 11 M - - - - 

0104_0000 11 F - - - - 

0105_0000 23 F - - - - 
 

Table 3- PC-MRI data available 

OSMSC ID Slice Location # of Frames Voxel Spacing 

      X Y 
0093_0000 Asc_Aorta 20 1.0938 1.0938 

0093_0000 Cervical 20 1.0937 1.0938 

0093_0000 Desc_Aorta 20 1.0938 1.0938 

0101_0000 Asc_Aorta 20 1.1719 1.1719 

0101_0000 Cervical 20 1.1719 1.1719 

0101_0000 CoA_try1 20 1.1719 1.1719 

0101_0000 CoA_try2 20 1.1719 1.1719 

0101_0000 Desc_Aorta 20 1.1719 1.1719 

0102_0000 Asc_Aorta 20 0.7031 0.7031 

0102_0000 Cervical 20 0.7031 0.7031 

0102_0000 Cervical_vs 20 0.7031 0.7031 

0102_0000 CoA 20 0.7031 0.7031 

0102_0000 CoA_v2 20 0.7031 0.7031 

0102_0000 CoA_v3 20 0.7031 0.7031 

0102_0000 Desc_Aorta 20 0.7031 0.7031 

0103_0000 Asc_Aorta_v2 20 0.9375 0.9375 

0103_0000 Asc_Aorta_v3 20 0.9375 0.9375 

0103_0000 Asc_Aorta_v4 20 0.9375 0.9375 

0103_0000 Cervical 20 0.9375 0.9375 

0103_0000 CoA 20 0.9375 0.9375 

0103_0000 Desc_Aorta 20 0.9375 0.9375 

0104_0000 Asc_Aorta 20 0.9375 0.9375 

0104_0000 Asc_Aorta_v2 20 0.9375 0.9375 

0104_0000 Asc_Aorta_v3 20 0.9375 0.9375 

0104_0000 Cervical 20 0.9375 0.9375 

0104_0000 CoA 20 0.9375 0.9375 

0104_0000 Desc_Aorta 20 0.9375 0.9375 

0105_0000 Asc_Aorta 20 0.9375 0.9375 

0105_0000 Cervical 20 0.9375 0.9375 

0105_0000 Desc_Aorta 20 0.9375 0.9375 

0105_0000 Pre_Aorta_Arch 20 0.9375 0.9375 
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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. The models extend from the ascending aorta to the location in the descending aorta just 

above the diaphragm. See Appendix 2 for a description of modeling methods.  See Table 4 for a visual summary 

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

Table 4 ς Visual summary of image data, paths, segmentations and solid model. 

OSMSC ID Image Data Paths 
Paths and 

Segmentations 
Model 

ID: OSMSC0090 

subID: 0000 

Age: 13 

Gender: M 

 

 

 

 

ID: OSMSC0091 

subID: 0000 

Age: 6 

Gender: M 
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ID: OSMSC0092 

subID: 0000 

Age: 11 

Gender: M 

 

 

 

 

ID: OSMSC0093 

subID: 0000 

Age: 11 

Gender: F 
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ID: OSMSC0094 

subID: 0000 

Age: 23 

Gender: M 

 

 

 

 

ID: OSMSC0095 

subID: 0000 

Age: 26 

Gender: M 
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ID: OSMSC0101 

subID: 0000 

Age: 13 

Gender: M 
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ID: OSMSC0102 

subID: 0000 

Age: 5 

Gender: M 
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ID: OSMSC0103 

subID: 0000 

Age: 11 

Gender: M 
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ID: OSMSC0104 

subID: 0000 

Age: 11 

Gender: F 

 

 

 

 

ID: OSMSC0105 

subID: 0000 

Age: 23 

Gender: F 

 

 

 

 

 

Details of anatomic models, such has number of outlets and model volume, can be seen in Table 5. 
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Table 5 ς Anatomic Model details 

OSMSC ID Inlets Outlets  Volume (cm3) Surface Area (cm2) Vessel Paths 2-D Segmentations 
0090_0000 1 5 71.0637 200.753 5 75 

0091_0000 1 5 20.9335 92.5004 5 74 

0092_0000 1 5 61.0055 178.209 5 68 

0093_0000 1 5 45.5757 145.643 5 74 

0094_0000 1 5 76.7516 220.255 5 62 

0095_0000 1 4 111.129 226.617 4 59 

0101_0000 1 5 123.141 264.469 5 83 

0102_0000 1 5 28.8608 113.788 5 66 

0103_0000 1 5 38.7221 148.446 5 71 

0104_0000 1 5 59.3162 175.26 5 84 

0105_0000 1 5 52.9006 171.654 5 64 

 

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 for information on the physiology and simulation specifications. See Table 6 for simulation 

parameters used.  
Table 6- Simulation Parameters 

OSMSC ID Time Steps per Cycle Time Stepping Strategy 

0090_0000 903 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0091_0000 750 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0092_0000 848 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0093_0000 800 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0094_0000 900 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0095_0000 1000 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0101_0000 1200 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0102_0000 600 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0103_0000 1200 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0104_0000 1000 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

0105_0000 1000 residual_control 1 min_iter 3 max_iter 5 criteria 0.01 

 

5. 2 Inlet Boundary C onditions  
 

Ascending Aorta PC-MRI waveforms were prescribed to the inlets of the computational fluid dynamics (CFD) 

models (Figure 6) [12]. See Table 7 for the period and prescribed cardiac output for each simulation. 
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Table 7 ς Period and Cardiac Output from waveforms seen in Figure 6 

OSMSC ID Period (s) Cardiac Output (L/min) Profile Type 

0090_0000 0.984 5.74814 parabolic 

0091_0000 0.845 2.53198 parabolic 

0092_0000 0.95 2.87729 parabolic 

0093_0000 0.57 3.01284 parabolic 

0094_0000 1 3.23623 parabolic 

0095_0000 0.937 5.80003 parabolic 

0101_0000 0.895 5.68879 parabolic 

0102_0000 0.845 2.68613 parabolic 

0103_0000 0.952 2.52168 parabolic 

0104_0000 0.968 3.39264 parabolic 

0105_0000 0.952 2.9424 parabolic 
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Figure 6 ς Inflow waveforms in L/min 
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5. 3 Outlet Boundary Conditions  
 

A three element Windkessel model was applied at each outlet. For more information refer to Exhibit 1 and 

Appendix 5. To define the parameters in the Windkessel model the mean flow to each outlet was calculated. 

Volumetric flow to each outlet vessel was distributed to the major branches of arch of the aorta based on PCMRI 

data and other assumptions. For more information refer to LaDisa et al. [11].  

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 8 for each model. 

 

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: OSMSC0090 

subID: 0000 

Age: 13 

Gender: M 

 

 

 

ID: OSMSC0091 

subID: 0000 

Age: 6 

Gender: M 
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ID: OSMSC0092 

subID: 0000 

Age: 11 

Gender: M 

 

 

 

ID: OSMSC0093 

subID: 0000 

Age: 11 

Gender: F 

  

 

ID: OSMSC0094 

subID: 0000 

Age: 23 

Gender: M 
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ID: OSMSC0095 

subID: 0000 

Age: 26 

Gender: M 

 

 

 

ID: OSMSC0101 

subID: 0000 

Age: 13 

Gender: M 

 

 

 

ID: OSMSC0102 

subID: 0000 

Age: 5 

Gender: M 
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ID: OSMSC0103 

subID: 0000 

Age: 11 

Gender: M 

 

 

 

ID: OSMSC0104 

subID: 0000 

Age: 11 

Gender: F 
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ID: OSMSC0105 

subID: 0000 

Age: 23 

Gender: F 

 

 

 

 

Surface distribution of time-averaged blood pressure (TABP), time-averaged wall shear stress (TAWSS) and 

oscillatory shear index (OSI) were also visualized and can be seen in  

Table 9. 

Table 9 ς Time averaged blood pressure (TABP), time-average wall shear stress (TAWSS), and oscillatory shear index (OSI) surface distributions 

OSMSC ID TABP TAWSS OSI 

ID: OSMSC0090 

subID: 0000 

Age: 13 

Gender: M 
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ID: OSMSC0091 

subID: 0000 

Age: 6 

Gender: M 

 

 

 

ID: OSMSC0092 

subID: 0000 

Age: 11 

Gender: M 

 

 

 

ID: OSMSC0093 

subID: 0000 

Age: 11 

Gender: F 
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ID: OSMSC0094 

subID: 0000 

Age: 23 

Gender: M 

 

 

 

ID: OSMSC0095 

subID: 0000 

Age: 26 

Gender: M 

 

 

 

ID: OSMSC0101 

subID: 0000 

Age: 13 

Gender: M 
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ID: OSMSC0102 

subID: 0000 

Age: 5 

Gender: M 

 

 

 

ID: OSMSC0103 

subID: 0000 

Age: 11 

Gender: M 

 

 

 

 

 

 


