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1. Clinical Significance & Condition

Kawasaki disease is the leading cause for acquired pediatric heart disease in developed cfntkBsis
diagnosed in over 5,500 patients annually in the [@]S It is an acute vasculitis/inflammation of vesdéls KD
is usually diagnosed in children under 5 yeafrage with an avege age of 22, 3] The disease is almost twice
as common in boys as girls[3].

The cause for the disease is unknown, however the seasonality and acute nature of cases suggiestions i

trigger even though no causative agent has been identified. Furthermore, genetic susceptibility to the disease
and outcomes of the disease has also been observed, particularly in Asian populations. Thus, it is generally
proposed that KD resultsdm exposure to a causative agent that triggers the disease in genetically predisposed
hosts[1].

Presented symptoms in infancy andrigechildhood that lead to LCMA

diagnosis include fever for at least 4 days, rashes, erythema the
fALEA YR 2NRLKEINBYES &g¢g2fttS LCX |1 ¢ 6 SNNE
edema of the hands and feet, and erythema of the palms an RCA soles

often followed by periungual desquaation [1]. Coronary
aneurysms the most serious complication related to Kiay
develop in up to 25% of patients with untreated KD anc
increase the risk of thrombosis, stenotic lesions, and myocardi Riglr}c/tfi{OI;D

infarction [2, 1] Duration of fever has shown to correlate

strongly with increased risk for coronary aneurysms. The most

common sites for coronary aneurysms, in order of highest to Figurel: Common Sites aforonary

lowest frequency are the: (1) proximal Lefttanor descending aneurysmsfor KD patients

artery (LAD) and right coronary artery (RCA), (2) left main coronary artery (LMCA), (3) left circumflex artery
(LCX), (4) and lastly the junction between the RCA and right posterior descending arterffFgRIPEY) [4].

aneurysm LAD

KD patients are usually treated with aspirin and intravenousimoglobulin (IVIG]L]. Aspirin serves to reduce
acute symptoms while IVIG is thought to reduce the risk of developing coronary aneurysms from 25% tb 3
administered within 10 days after fever onsilf]. Conticosteriods, pentoxifylline, ulinastatin, abciximab and
other drugs may also be used as treatment, and are sometimes used when
IVIG treatments fail. Echoardiography is then used to evaluate cardiac state
and assess appropriate longitudirfallow-up treatment. Children can usually
return to normal activity after the acute episode subsides, however if cardiac
anomalities are detected periodic clinical assessment after the acute episode
is scheduled[5]. If an intially detected coronary aneurysm does not
disappear properly or if an aneurysm develops in the {targ, the aneurysm
often narrows in attempt to heal resulting in a stenosis or a blood clot in the
aneurysm site may also cause obstruction. Obstrudi#gtons in Kawasaki
patients are usually treated with a coronary artery bypass graft, where an
artery or vein from the patient is used to bypass the obstruction and provide
blood downstream of the obstructionF{gure 2). The use of stenting,
rotational ablation, and balloon angioplasty has been limited in Kawasaki
patients and are often unfavorable alternatives to coronary artery bypdss

Figure2: Coronary artery bypass graft
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2. Clinical Data
Patent-specific volumetric imagdata was obtained to create physiological mésdand blood flow simulations.
Details of the imaging data used can be seehfahlel. See Appendix 1 for details on image data orientation.

Tablel ¢ Patientspecific volumetric imgedata details(mm). Voxel Spacing, voxel dimensions, and physical dimensions are providéeiRightLeft
(R), AnteriorPosterior (A), and Superieinferior (S) direction.

Voxel

Modality Voxel Spacing Dimensions

Physical Dimensions

R A S R A S R A s

0116_0001 CT 0.2656 | 0.2656 | 0.6250| 512 | 512 | 112 | 136.00| 136.00| 70.00

0117_0001 CT 0.4883| 0.4883 | 2.5000| 512 | 512 | 56 | 250.00| 250.00| 140.00
0172_0000 CT 0.3711| 0.3711] 0.6250| 512 | 512 | 280 | 190.00| 190.00| 175.00
0173_1000 CT 0.3510| 0.3510| 0.5000| 512 | 512 | 200 | 179.71| 179.71| 100.00
0183_1001 CT 0.3535| 0.3535| 0.6250| 512 | 512 | 336 | 181.00| 181.00| 210.00
0184_0000 CT 0.4180| 0.4180| 0.6250| 512 | 512 | 336 | 214.00| 214.00| 210.00
0185_0000 CT 0.2900| 0.2900| 0.2500 | 512 512 | 400 | 148.48 | 148.48| 100.00
0187_0001 CT 0.4180| 0.4180| 0.6250 | 512 | 512 | 224 | 214.00| 214.00| 140.00

Patient specific clinical datavailablecan be found irable2.

Table2 ¢ Available patientspecific clinical data

OSMSC  Age gsa  cardiae

D (yrs) Gender () Output

(L/'min)
0116_0001| 0.42 F 0.38 - - - 68 98
0117_0001| 28 M 2.06 - - - 61 98
0172 0000, 14 M 1.79 4.9 59 83.20 67 108
0173 1000, 4 M 0.76 4.3 105 41.00 55 90
0183 1001, 24 M 1.7 3.8 42 90.47 81 123
0184 0000| 26 M 1.97 6.7 46 112.80 57 96
0185 0000, 8 E - 3.4 - - 60 100
0187 0001, 59 M 2.1 4.1 60 91.67 82 140

3. Anatomic Model Description

Anatomic modet were created using customized SimVascular software (Simtk.org) and the eindatp
described irsection 2 Themodekincludethe ascending aortand coronary arteries of interesind may extend
to the locationto the descending aorta just above the celiac truBke

Table3 for a visual summary of the imaglata, paths, segmentations and solid modehstructed.

Table3 ¢ Visualsummary of imag data, paths, segmentations and solid model.

OSMSCID | Image Data Paths Paths and Model
‘ Segmentations
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ID: OSMSCO0116
sublID: 0001
Age: 0.42
Gender: F

ID: OSMSC0117
sublID: 0001
Age: 28
Gender: M

ID: OSMSCO0172

sublD: 0000
Age: 14
Gender: M /

ID: OSMSC0173
sublID: 1000
Age: 4
Gender: M

ID: OSMSC0183
sublID: 1001
Age: 24
Gender: M
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Details of anatomimodels, such has number of outlets and model voluroan be seen ifable4.

Table4 ¢ Anatomic Model details

OSMSC Volume Vessel
ID Inlets | Outlets (cn?) Surface Area (cR) Paths 2-D Segmentations
0116_0001 0 5 2.4312 15.9828 4 50
0117_0001 0 0 447774 123.1382 6 73
0172_0000 1 14 114.7902 297.9280 19 281
0173 1000 1 6 21.7575 82.1114 6 57
0183 1001 1 29 77.3380 236.5990 31 480
0185_0000 1 8 52.5300 150.4906 8 76
0184_0000 1 14 123.7491 280.7313 14 247
0187_0001 1 13 273.502 470.526 14 309

4. Physiological Model Description

In addition to the clinical data gathered for this model, several physiological assumptions were made in
preparation for running the simulationSeeAppendix Jor detalils.

5. Simulation Parameters & Detalls

5.1 Simulation P arameters

Simulations were run on data sets 0172 0000, 0173 1000, 0183 1001, 0184008500000and 0187 _0001
SeeAppendix 4for information on the physiologand simulation specificationdlore information may also be

found in Sengupta et. al. featuring models and simulations for 0172_0000, 0173_1000, 0183 1001, 0184 _0000,
0185 0000, 0187_00(6]. Soler parameters can be seenTiables.

Table5- Solver Parameters

0172 _0000 1000 fixed_step 3
0173_1000 1000 residual_control 1 min_iter 3 max_iter 10 criteria 0.0(
0183_1001 1000 residual_control 1 min_iter 3 max_iter 10 criteria 0.0(
0184 0000 1000 fixed_step 4
0185 0000 1000 residual_control 1 min_iter 3 max_it&0 criteria 0.001
0187_0001 1000 residual_control 1 min_iter 3 max_iter 10 criteria 0.0(

5.2 Inlet Boundary C onditions

For all datasets except 0184 _0000typical aortic waveform was prescribed to the inlet of the computational
fluid dynamics (CFD) modg@ligure3). The waveform was scaled to be consistent with thediz output and
heart rate calculated from clinical dat&or 0184_0000 the waveform was calculated usingviRT data.See
Table6 for the period andprescribedcardac inflowfor each simulation.
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Table6 ¢ Period and Cardiac Output from waveforms seerFigure3

OSMSC | Period Cardiac Output Profile Type

ID (s) (Winlly))
0172_0000| 1.017 4.9 Womersley
01731000/ 0.571 4.3 Womersley
0183 _1001| 1.429 3.8 Womersley
0184 0000/ 1.304 6.7 Womersley
0185 0000/ 0.759 3.4 Womersley
0187_0001| 1.000 4.1 Womersley
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Figure3 ¢ Inflow waveforms in L/min

5. 3 Outlet Boundary Conditions

A three element Winklessé model was applied at the descending aorta, subclavian, and carotid aufets

more information referon RCR parameter® Exhibit 1 and Append 5. To define the parameters in the
Windkessel model the mean flowo the aorta outlet was assumed to be 96% of the cardiac output. The
coronary arteries were assumed to take 4% of the cardiac output with a split of 60% and 40% for the left and
right coronary arteries respectivei.umped parameter boundary conditions were applied at the coronary
outlets using the coupled domain methd¢d]. Coronary boundary condition parameters were tuned to match
target flow splits and presures.Coronary Boundgrparameters can be found in Exhibit Target Pressurer

both modelswere set based on clinically acquired dagee Table 6 for targéiow splits andoressures.

Table7 ¢ Flow distributionsand Pressures

OSMSC'| Coronary| Left Coronary Right Coronary DP SP
ID Flow Flow Flow (mmHg) (mmHgQ)

0172_0000 4% 60% 40% 67 108
0173_1000 4% 60% 40% 55 90
0183_1001 4% 60% 40% 81 123
0184 0000 4% 60% 40% 57 96
0185 0000 4% 60% 40% 60 100
0187_0001 4% 60% 40% 82 140

6. Simulation Results

Simulation results were quantifiedf the lastcardiac cycle Paraview (Kitware, Clifton Park, NY), an epen
source scientific visualization application, was usedisualizethe results A volume rendering ofelocity
magnitude for three time points during the cardiac cycda be seein
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Tables for the simulation
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Table8 ¢ Volume rendering velocity during peak systlend systole, and end diastole.
All renderings have the scale below with units of cm/s

OSMSCID | Peak Systole End Systole End Diastole

ID: OSMSCO017:
sublID: 0000
Age: 14
Gender: M

ID: OSMSCO017:
sublD:1000
Age: 4
Gender: M

ID: OSMSCO018:
subID: 1001
Age: 24
Gender: M

ID: OSMSC018¢
sublID: 0000
Age: 26
Gender: M
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ID: OSMSCO018¢
sublID: 0000
Age: 8
Gender: F

ID: OSMSC018:
sublD: 0001
Age: 59
Gender: M

Surface distributiorof time-averagecdblood pressuré TABP)time-averagedwvall shear stress (TAWSS) and
oscillatory shear idex (OSI) were also visualized and can be seen in

Tableo.

Table9 ¢ Time averaged blood pressure (TABP), thaesrage wall shear stress (TAWS&)d oscillatory shear index (OSlI) surface distributions

OSMSC ID TABP | TAWSS

(mmHg)

ID: OSMSCO0172
sublID: 0000
Age: 14
Gender: M
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ID: OSMSCO0173
sublID: 1000
Age: 4
Gender: M

o4

ID: OSMSC0183
sublID: 1001
Age: 24
Gender: M

S04

ID: OSMSC0184
sublD: 0000
Age: 26
Gender: M

03

0z

0

ID: OSMSC0185 Fu4
sublID: 0000
Age: 8

Gender: F

03

02

O N O
o
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ID: OSMSC0187
sublID: 0001
Age: 59
Gender: M
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Exhibit 1 : Coronary Simulation s Boundary Conditions

Information on how RCR values were obtaifedhcluded in Appendix 5. R€&tuesfor the final simulatios are
shown onTables 1a15. Coronary boundarparameters and Intramyocardial pressure plotsm Sungupta et. al

(2011) for each simulatioare shown on Tables 18 and Figure4, respectively2].

Table10¢ RCR/alues for 01720000

Sover ID Face Name Artery Name Rp C Rd
3 aorta_brl aorta_brl 652.98 | 0.000382| 6602.34
4 aorta_br2 aorta_bhr2 730.77 | 0.000341| 7388.88
5 aorta_br3 aorta_br3 653.72 | 0.000381| 6609.84
2 aorta_outlet Descending Aorta | 408.29 | 0.000610| 4128.22

Tablell- RCR Values for 0173_1000

Solver ID  Face Name\ Artery Name Rp C Rd

3 aorta_brl aorta_brl 132.86 | 0.000824| 8724.48
4 aorta_br2 aorta_br2 225.41 | 0.000486| 14802.19
2 aorta_outlet Descending Aorta | 110.61 | 0.000990| 7263.70

Table12- RCR Values for 0183_1001

Solver ID  Face Name\ Artery,\Name Rp C Rd

3 aorta_brl aorta_brl 522.11 | 0.000370| 9920.13
4 aorta_br2 aorta_br2 1078.96 | 0.000179| 20500.25
5 aorta_br3 aorta_br3 811.76 | 0.000238| 15423.48
2 aorta_outlet aorta_outlet 234.43 | 0.000823| 4454.26

Table13- RCR Values for 0184_0000

Solver ID  Face Name| Artery Name Rp C Rd

3 aorta_brl aorta_brl 164.42 | 0.000983| 5316.12
4 aorta_br2 aorta_br2 431.94 | 0.000374| 13965.93
5 aorta_br3 aorta_br3 269.81 | 0.000599| 8723.70
2 aorta_outlet Descending Aorta 61.11 | 0.002644| 1975.79
Tablel4- RCR Values for 0185_0000
Solver ID  Face Name\ Artery Name Rp C Rd
Brachiocephalic
3 aorta_brl Artery 828.27 | 0.000219| 11004.10
4 aorta_br2 | Left Common Carotid 825.41 | 0.000220| 10966.16
5 aorta_br3 Left Subclavian 759.90 | 0.000239| 10095.83
2 aorta_outlet Descending Aorta | 385.46 | 0.000471| 5121.07
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Tablel5 RCR Values for 0187_0001

Solver ID|  Artery Name Rp C Rd
3 Brachiocephalic | 1384.15| 0.000368 | 10651.90
4 Left Common Carotiq 1384.15| 0.000368 | 10651.90
5 Left Subclavian | 1384.15| 0.000368 | 10651.90
2 Descending Aorta | 832.69 | 0.000611 | 6408.11

Table16- Coronary Parameter Values for 0172_0000

Solver | Face
ID Name
6 Ic_brl 0 100 134624.9 | 122161.9| 42118 | 1 1.18395| 0.10019 | O 1.05581 | O
7 Ic_br2 0 100 652964.4 | 592515.9 | 20428.2| 1 1.18395 | 0.10019 | O 1.05581 | O
8 Ic_br3 0 100 364779.6 | 331010.0 | 114122 | 1 1.18395 | 0.10019 | O 1.05581 | O
9 Ic_br4 0 100 358859.2 | 325637.7 | 11227.0| 1 1.18395 | 0.10019 | O 1.05581 | O
10 Ic_br5 0 100 418428.5| 379692.3 | 13090.7 | 1 | 1.18395 | 0.10019 | O | 1.05581 | O
11 Ic_br6 0 100 457341.0 | 415002.4 | 14308.0| 1 1.18395 | 0.10019 | O 1.05581 | O
12 rc_brl 0 100 330342.9 | 163554.3 | 10691.3| 1 0.76352 | 0.10243 | O 0.48752 | O
13 rc_br2 0 100 268698.5| 133033.9| 8696.2 | 1 0.76352 | 0.10243 | O 0.48752 | O
14 rc_br3 0 100 520555.7 | 257729.5| 16847.4| 1 | 0.76352 | 0.10243 | O | 0.48752 | O
15 rc_br4 0 100 270831.2 | 134089.8 | 8765.2 | 1 | 0.76352 | 0.10243 | O | 0.48752 | O

Tablel7- Caonary Parameter Values for 0173000

Face ‘ ‘ ‘

Name | dQinidT | dPinidT [e]0]
5 Ica_brl 0 100 59386.9 8203.6 160.3 1 | 0.221607| 0.008645| 0 | 0.13536 | O
6 Ica_br2 0 100 1258745 | 17388.1 339.8 1 | 0.221607| 0.008645| 0 | 0.13536 | O
7 rca_brl 0 100 44940.0 2380.2 24.8 1 | 0.096208| 0.001744| 0O | 0.043335| O
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Solver Face

Table18- Coronary Parameter Values for 0183_1001

ID Name

dQinidT

dPinidT

(o]0]

o

6 Ica_brl 0 100 927330.6 | 360107.8 | 20027.9 | 1 | 0.625428| 0.069163 | O | 0.379008| O
7 Ica_br2 0 100 1392615.2| 540790.5 | 30076.8 | 1 | 0.625428| 0.069163| O | 0.379008| O
8 Ica_br3 0 100 797876.6 | 309837.3 | 17232.0 | 1 | 0.625428| 0.069163 | 0 | 0.379008| O
9 Ica_br4 0 100 1417869.4| 550597.4 | 30622.2 | 1 | 0.625428| 0.069163| O | 0.379008| O
10 Ica_br5 0 100 893595.6 | 347007.6 | 19299.3 | 1 | 0.625428| 0.069163 | 0O | 0.379008| O
11 Ica_br6 0 100 1062300.4| 412520.3 | 229429 | 1 | 0.625428| 0.069163| O | 0.379008| O
12 Ica_br7 0 100 975262.1 | 378720.9 | 21063.1 | 1 | 0.625428| 0.069163 | O | 0.379008| O
13 Ica_br8 0 100 1429219.2| 555004.8 | 30867.3 | 1 | 0.625428| 0.069163| O | 0.379008| O
14 Ica_br9 0 100 1256439.9| 487909.9 | 27135.8 | 1 | 0.625428| 0.069163| O | 0.379008| O
15 Ica_br10 0 100 1272613.2| 494190.5 | 27485.1 | 1 | 0.625428| 0.069163| O | 0.379008| O
16 Ica_brll 0 100 1132496.9| 439779.5 | 24458.9 | 1 | 0.625428| 0.069163| O | 0.379008| O
17 Ica_br12 0 100 1549153.7| 601578.7 | 33457.6 | 1 | 0.625428| 0.069163| O | 0.379008| O
18 Ica_brl3 0 100 1671916.8| 649251.0 | 36108.9 | 1 | 0.625428| 0.069163| O | 0.379008| O
19 Ica_br14 0 100 875096.2 | 339823.7 | 18899.7 | 1 | 0.625428| 0.069163 | 0O | 0.379008| O
20 rca_brl 0 100 1320964.5| 3535524.1| 550552.2| 1 | 3.560907| 1.319022| 0 | 2.979306| O
21 rca_br2 0 100 1302451.4| 3485974.3| 542836.3| 1 | 3.560907| 1.319022| 0 | 2.979306| O
22 rca_br3 0 100 800341.2 | 2142090.6| 333566.6| 1 | 3.560907| 1.319022| 0 | 2.979306| O
23 rca_br4 0 100 1437948.1| 3848627.3| 599308.7| 1 | 3.560907| 1.319022| 0 | 2.979306| O
24 rca_br5 0 100 1326844.3| 3551261.3| 553002.8| 1 | 3.560907| 1.319022| 0 | 2.979306| O
25 rca_bré 0 100 1261074.0| 3375229.0| 525591.1| 1 | 3.560907| 1.319022| 0 | 2.979306| O
26 rca_br7 0 100 1600034.0| 4282445.7| 666862.9| 1 | 3.560907| 1.319022| 0 | 2.979306| O
27 rca_br8 0 100 1385246.4| 3707572.9| 577343.7| 1 | 3.560907| 1.319022| 0 | 2.979306| O
28 rca_br9 0 100 2155352.7| 5768740.6| 898309.0| 1 | 3.560907| 1.319022| 0 | 2.979306| O
29 rca_brl0 0 100 1717253.9| 4596181.3| 715717.9| 1 | 3.560907| 1.319022| 0 | 2.979306| O
30 rca_brll 0 100 1466103.9| 3923985.6| 611043.5| 1 | 3.560907| 1.319022| 0 | 2.979306| O

Solver Face

Table19- Coronary Parameter Values for 0184_0000

dQinidT ‘ dPinidT ‘ q0

ID Name

6 rca_brl 0 100 315243.7 | 123364.7 | 5471.1 | 1 | 0.590895| 0.055577| 0 | 0.40608 | O
7 rca_br2 0 100 346060.4 | 135424.3| 6005.9 | 1 | 0.590895| 0.055577| 0 | 0.40608 | O
8 rca_br3 0 100 400091.6 | 156568.4 | 6943.6 | 1 | 0.590895| 0.055577| O | 0.40608 | O
9 rca_br4 0 100 442508.7 | 173167.6 | 7679.7 | 1 | 0.590895| 0.055577| O | 0.40608 | O
10 rca_brb 0 100 446644.3 | 1747859 | 77515 | 1 | 0.590895| 0.055577| O | 0.40608 | O
11 rca_bré 0 100 503062.6 | 196864.2 | 8730.7 | 1 | 0.590895| 0.055577| 0 | 0.40608 | O
12 rca_br7 0 100 424808.4 | 1662409 | 7372.6 | 1 | 0.590895| 0.055577| O | 0.40608 | O
13 rca_br8 0 100 575794.5| 225326.5| 9992.9 | 1 | 0.590895| 0.055577| 0 | 0.40608 | O
14 rca_br9 0 100 316496.3 | 123854.9 | 5492.8 | 1 | 0.590895| 0.055577| 0 | 0.40608 | O
15 rca_brl0 0 100 402416.2 | 157478.1 | 6983.9 | 1 | 0.590895| 0.055577| O | 0.40608 | O

Solver | Face

Table20- Coronary Parameter Values for 0185_0000

dQinidT ‘ dPinidT ‘ q0

ID Name
6 Ic_brl 0 100 192937.9 | 68455.7 2752.6 1 | 0.535745| 0.045687 | O | 0.368179| O
7 Ic_br2 0 100 223307.8 | 79231.2 3185.8 1 | 0.535745| 0.045687 | O | 0.368179| O
8 Ic_br3 0 100 203368.5 | 72156.6 2901.4 | 1 | 0.535745| 0.045687 | O | 0.368179| O
9 rc_brl 0 100 111226.5 | 21014.2 352.0 1 | 0.266533| 0.010016| O | 0.201103| O
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Table21- Coronary Parameter Values for 0187_0001

Solver Face

ID Name dQinidT dPinidT g0

6 Ica_brl 100 277234.0| 348326.2| 16628.2| 1 | 1.63931| 0.192075| 0 | 1.461888| 0
7 Ica_br2 0 100 181865.5| 228502.0| 10908.1| 1 | 1.63931| 0.192075| 0 | 1.461888| 0O
8 Ica_br3 0 100 413330.7| 519322.8| 24791.1| 1 | 1.63931| 0.192075| O | 1.461888| O
9 Ica_br4 0 100 445748.8| 560054.0| 26735.5| 1 | 1.63931| 0.192075| O | 1.461888| O
10 rca_brl 0 100 630465.7 | 659853.4| 37994.6| 1 | 1.38419| 0.190724| 0 | 1.170055| O
11 rca_br2 0 100 601993.0| 630053.5| 36278.7| 1 | 1.38419| 0.190724| 0 | 1.170055| O
12 rca_br3 0 100 503013.1| 526459.8| 30313.8| 1 | 1.38419| 0.190724| 0 | 1.170055| O
13 rca_br4 0 100 688626.7 | 720725.4| 41499.7| 1 | 1.38419| 0.190724| 0 | 1.170055| O
14 rca_br5 0 100 643509.8| 673505.5| 38780.7| 1 | 1.38419| 0.190724| 0 | 1.170055| O
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Figure4- Left and Right Intra myocardial Pressure
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Appendix

1. Image Data Orientation
The RAS coordinate system was assumed for the image data orientstix@l Spacing, voxel dimensions, and
physical dimensions are provided in the Righft (R), AntericPosterior (A), and Superidnferior (S) direction
in all specification documents unless otherwise specified.

2. Model Construction
All anatomic models wereonstructed in RAS Space. The models are generated by selecting centerline paths
along the vessels, creating 2D segmentations along each of these paths, and then lofting the segmentations
together to create a solid model. A separate solid model wasetdar each vessel and Boolean addition was
used to generate a single model representing the complete anatomic model. The vessel junctions were then
blended to create a smoothed model.

3. Physiological Assumptions
Newtonian fluid behavior is assumed withagtlard physiological properties. Blood viscosity and density are
given below in units used to input directly into the solver.

Blood Viscosity0.04g/cmos’
Blood Density 1.06g/cm®

4. Simulation Parameters
Conservation of mass and Navi&tokes equations &re solved using 3D finite element methods assuming rigid
and nonslip walls. All simulations were ran in cgs units and ran for several cardiac cycles to allow the flow rate
and pressure fields to stabilize.

5. Outlet Boundary Conditions

5.1 Resistance Methods
Resistances values can be applied to the outlets to direct flow and pressure gradients. Total
resistance for the model is calculated using relationships of the flow and pressure of the model.
Total resistance is than distributed amongst the outlets usingnaarse relationship of outlet area
and the assumption that the outlets act in parallel.

5.2 Windkessel Model
In order to represent the effects of vessels distal to
the CFD model, a threelement Windkessel model
can be applied at each outlet. This model consists
proximal resistance (3 capacitance (C), and diste
resistance (B representing the resistance of the
proximal vessels, the capacitance of the proxin
vessels, and the resistance dfie distal vessels Figure5 - Windkessel model
downstream of eacloutlet, respectivelyFigure .
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First, total arterial capacitance (TAC) was calculated using inflow and blood pressure. The TAC was
then distributed among the outlets based on the blood flow distributions. Next] tetsistance (R

was calculated for each outlet using mean blood pressure antfRIbr calculated target flow
(R=PRhneadQuesied- Given that RR+R,, total resistance was distributed betweep &d R adjusting

the R, to R ratio for each outlet.
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