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⌐⅔↑╢  

CABG (Coronary artery bypass g rafting)   Ᵽ▬Ɽ☻  

CFD (Computational fluid dynamics)    

CT (Computed tomography) ◖fiⱧꜙכ♃כ  

DICOM (Digital imaging and communication in medicine) 

FFR (Fractional flow reserve)     

FFRCT (Computation of fractional flow reserve from coronary computed tomography 

angiography data) 

OSI (Oscillatory shear i ndex)    

PCI (Percutaneous coronary intervention    

Re (Reynolds number)     ꜠▬ⱡꜟ☼  

STL (Standard triangulated language) 

WSS (Wall shear s tress)      
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─  

AV (Atrioventricular node artery)    

Dx (Diagonal branch)      

ITA ( Internal thoracic artery)    

LAD (Left anterior descending artery)   

LCx ( Left circumflex branch)    

LITA ( Left internal thoracic artery)    

LMT (Left main trunk)     

OM (Obtuse marginal branch)    

PD (Posterior descending branch)    

PL (Posterolateral branch)     

RCA (Right coronary artery)    

SVG (Saphenous vein graft)   ◓ꜝⱨ♩ 
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з   

з Ί1 ─ ≤ ⌐ ∆╢ ╕≢─ ⅎ  

─ │ 1949 Vineberg AM⌐╟╢ ╩ ⌐ ⇔√

Vineberg ⌐ ╕∫√⁹1967 ─ⱪכꜟ◓─♪Ⱪꜝfiכꜞ◒⌐ ╩ ⇔

√ ┼─ ─ ≤ ─ ≢⁸ │ ↄ

∆╢╟℮⌐⌂╡⁸∕─ 1977 ⌐ ╘≡☻▬☻─ Andreas RG⅜ Ᵽꜟכfi

╩ ↕∑╢╕≢│ ≤ Ᵽ▬Ɽ☻  Coronary Artery Bypass Grafting (

CABG)─ ⅜ ─ ≤⇔≡ ⇔≡™√⁹CABG │ ≤

⌐ ⇔≡│ ╩ ⇔⁸ ⅔╟┘ ⌐ ⇔≡│

╩ ⇔≡⅝√⁹ 

⁸ ╩ ⇔√ ─ ⌐╟╡ Percutaneous 

Coronary Intervention ( PCI)⅜ ⇔⁸ ꜟ♥כ♥◌ ─ ה ⌐╟╡

⌂ ─ ╩╙√╠⇔≡⅝√⁹⇔⅛⇔⁸☻♥fi♩ │ ≢ ∂⁸

2008 ⌐Wu C╠│ Ᵽ▬Ɽ☻ ≤ⱬ▪ⱷ♃ꜟ☻♥fi♩╩ ⇔√PCI ─

╩ ⇔⁸ ─ ⌐│ CABG ─ ⅜ ≢№∫√≤ ⇔≡™╢

з 1
11)⁹CABG ─ ─ │⁸◓ꜝⱨ♩│ ⅛╠ ⌐ ↕╣

╢─≢⁸◓ꜝⱨ♩╩ ↕╣√ ─ ⌐ √⌂ ╩ ∂≡╙⁸∕╣│

╩ ∆╢ ⌐│⌂╡ⅎ⌂™ ≢№╢⁹╕√ ⌐ ⅜≢⅝≡╙ ₁
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│ ╩ ∆╢↓≤│ ⌂™─≢⁸ ⌂ ≤│⌂╡⌐ↄↄ CABG ╩

↑√ │∕─ ─ ⅜ ╩ ∆╢╟℮⌂ ⌂ ⌐│⌂╡⌐ↄ

™≤™ⅎ╢⁹ 

 

⁸ ↄ─ ─ ⅎ ≤⇔≡⁸ ⌐ ╦╢≤↕╣╢ Left Anterior 

Descending Artery ( LAD)≤ↄ⌐∕─ ⌐ ⇔≡│CABG⌐╟╢ ⌐ ╢

╩ ∆↓≤⅜ ≤⌂╢⁹ ⁸ Left Circumflex 

branch( LCx)╛ Right Coronary Artery ( RCA)⌂≥│ ╟╡╙

⌐ ╦╢ ≤⌂╢↓≤⅜ ↄ⁸↓╣╠─ ─ ≢№╣┌╟╡ ⌂ PCI

з 1) CABG≤ ▬fi♃כⱬfi◦ꜛfi─  11) 

CABG≤ PCI─ 8 ─ │ CABG≢ 78 ⁸PCI≢ 71.2 ≢№╡⁸CABG

─ ⅜ │╟™≤ ↕╣≡™╢⁹ 
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╩ ≤∆╢↓≤⅜ ™⁹ ─●▬♪ꜝ▬fi≢│ ⌐

⇔⌂™ LAD ─⌂™ 1 ╕√│ 2 ─ ⌐ ⇔≡│PCI⅜⁸LAD

╛ ╩ ╗ ⁸╕√│ 3 ⌐ ⇔≡│ CABG⅜╟╡◄ⱦ♦

fi☻꜠ⱬꜟ⅜ ™≤↕╣ ↕╣≡™╢ 12)⁹ 

≢ CABG ⌐╙ ⅜№╡⁸ ⌐≥─╟℮⌂◓ꜝⱨ♩╩ ™╢⅛≤™℮↓≤⁸∕

⇔≡◓ꜝⱨ♩─ ⌐ ⇔≡ ≢╙ ↄ─ ⅜№╢⁹ 1⌐ Ᵽ▬Ɽ☻

─ ╩ ∆⁹ ≢│↓╣╠─ ─ ⁸LAD ⌐ ⇔≡│ Internal Thoracic 

Artery ( ITA)⅜ ╙ ╣≡™╢≤↕╣⁸∕╣ ⌐│ ╛ ⌂≥─

free graft⅛ ◓ꜝⱨ♩╩ ™╢↓≤⅜ ≢№╢⁹↓╣╠─ ╩≥↓⌐≥

─╟℮⌐ ⇔≡ ⌐≈⌂←⅛≤™℮↓≤╩ ⌐│◓ꜝⱨ♩♦◙▬fi≤ ┬⅜⁸

⌂◓ꜝⱨ♩♦◙▬fi⌐ ⇔≡│ ≢╙ ↄ─ ⅜№╢⁹◓ꜝⱨ♩ │

╛ ─ ⌐ ╩ ↑╢∞╤℮≤ ⅎ╠╣≡™╢⅜⁸ ⌐ ─

⅜ ⇔⅝╣≡™⌂™√╘⌐⁸ ⌂ ⅜ ≡™⌂™─⅜ ≢№╢⁹ 
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 1 Ᵽ▬Ɽ☻ ─  

 

≢ ─ ⌐ ⇔≡│⁸ ꜟ♥כ♥◌ ╛ CT 

(Computed Tomography)╛ Intravascular ultrasonography ( IVUS) 

⌐ ≠ↄ ≤∕─ ╩ ∆╢ ⅜ ≢№╡⁸↓╣╠│ ─

≤™ⅎ╢⁹ ≢ ─ ╛ Viability ╩ ∆╢ ≢│ ◦fi♅◓ꜝⱨ▫╩

│∂╘≤⇔√ ⅜ ≢№╡⁸™╦┌ ─ ≤ ⅎ╢⁹ ≢№╣┌

─ │ ≤ ⅜ ⇔≡⌂↕╣ ╩ ╘╢↓≤⅜ ╕

⇔™⁹ ⌐⅔™≡│ ∆═⅝ Target vessel⌐ ⇔⁸≥─╟℮⌐ ∆

╢⅛╩ ∆╢√╘ ↄ│ ─ ⌐ ≠ↄ⅜⁸ ─◄fi♪ⱳ▬fi♩│

⌂ ┼─ ⅔╟┘ ─ ≢№╡⁸∕╣│ ⌐╟∫≡

↕╣╢⅛╠≢№╢⁹ ≢│↓─ ≈╩ ₁ ─ ─ ─ ≢─╖ ⇔≡™╢√
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╘⁸⇔┌⇔┌ ╩ ∆╢ ⁸≥↓╕≢─ ╩ ∆⅛╩ ∫≡

─ ⅜ ╣╢↓≤╙ ™⁹ 

─ ≤ ⌂ ⌐ ∆╢ ╙ ↄ⁸ ╩

∆╢ ≢ ⌐ ⌂ ╩ ∆╢≤ ⅎ╠╣╢⁹ │ ─ ⅜ ↄ⁸

⅜ ™╒≥ ─ ╙ ™≤ ⅎ╠╣≡™√⅜⁸1980 ╟╡

─ ─ ⅜ ─ ™ ⅛╠─ ≢№╡⁸ ─ ⌂ │

ⱪꜝכ◒─ ≤∕╣╩ ⅝ ≤⇔≡ ↓╢ ≢№╢↓≤⅜ ╠⅛

⌐⌂∫√ 13)⁹∕⇔≡ⱪꜝכ◒─ ─⅝∫⅛↑≤⇔≡⁸ ⌂ ≤⇔≡ ⅜ⱪꜝכ

◒╩↓∆╢ ≢№╢ ─ ∏╡  Wall Shear Stress ( WSS)⅜ ⌐ ╩ ╘

╘√( з-2)
13)⁹∕─√╘ ⱪꜝכ◒≤∕─ ≢─WSS≤ⱪꜝכ◒ ⁸

─ ─ ⅜ ╪⌐⌂∫≡⅝√⅜⁸ⱪꜝכ◒ ⌐│ ∆⅞╢WSS⅜ ╦╢≤↕╣

≡™╢≤↕╣≡⅝√ ⁸ ∆⅞╢WSS≢│ ⌂ ⌐ⱪꜝכ◒ ╩ ∆

╢↓≤⅜ ╠╣⁸ ⌂WSS⅜ⱪꜝכ◒─ ⁸ ╩ ∆╢─≢│⌂™⅛≤ ⅎ

╠╣╢╟℮⌐⌂∫≡⅝√( з-3)
14)⁹↕╠⌐│ ─ ⌐ ℮WSS─ ≢№╢

Oscillatory Shear Index ( OSI)│ ⅛╠─ ─ ⌐ ╦

╢↓≤⅜ ⌂ ⅛╠ ╠⅛⌐↕╣( з-4)⁸WSS─ ╩ ⌐ ╢↓≤⅜ⱪꜝ

◒כ ─ ─ ⌐ ∆╢↓≤⅜ ↕╣√ 15)⁹



13 

 

 

з 2) ≤WSS─  13)╟╡  

⌐⅛⅛╢Wall shear stress⅜ ™ ─ꜟכ꜡♥☻꜠◖ ⌐╟╡ ─

⅜ ∆╢⁹↕╠⌐ ™WSS⌐╟╡ⱪꜝכ◒│ ⱪꜝ⁹╢⌂≥◒כ 

⇔⅛⇔⁸ ⌂WSS⅜ ⌐⅛⅛∫≡™╢ ⁸ ⱪꜝ⁹╢⌂≥◒כ 
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з 3) Ⱪ♃─ ⌐⅔↑╢ ≤ ─   

14) ╟╡  

Ⱪ♃─ ≢⁸WSS⅜ ™ Area з⅔╟┘к≢│⁸ ⌐ⱪꜝכ◒─

╩ ╘≡™╢↓≤⅜ ↕╣√⁹ 
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≢ ⌂ ◄ⱦ♦fi☻⌐ ≠ↄ ⅛╠│ ⱪꜝכ◒⅜ ₁⌐

ה ∆╢↓≤⌐╟╢ ─ │⁸ ⌐ ╩ ∂╢⅜⁸ ⌐

╩ ℮ ⌐│ ⇔⌐ↄ™≤ ⅎ╠╣≡⅔╡⁸ ≤↕╣╢ ⌐

│↓─♃▬ⱪ─ⱪꜝכ◒─ ⅜╖╠╣╢≤↕╣╢⁹∕─ ─ ↄ│ ≢│⌂

ↄ⁸ ⌐ ╗ ⅜ ™⁹ ⁸ ╛ ≢│ñ

ⱪꜝכ◒─ ≤∕╣⌐ ↄ ⌐╟╢ ⌂ ─ ò⅜ ⌂ ≤

ⅎ╠╣≡™╢⁹ ╩ ⅝ ↓∆ ─№╢ⱪꜝכ◒│ñ ⱪꜝכ◒ò

≤ ↕╣≡™╢⁹ñ ⱪꜝכ◒ò⌐│ñ ⱪꜝכ◒ñ≤ò┘╠╪ ⱪꜝכ◒ñ⅜

з 4) ─ ≤WSS─ ─ ─  15) ╟╡  

ⱴ►☻⌐╟╢ ≢⁸ ⌐ ─ ∆╢WSS│ ⅜ ⇔⌂™WSS⅜⅛⅛

╢ ≤ ⇔ ⅜ ↄ ↕╣╢≤ ⇔≡™╢⁹ 
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╘╠╣╢⁹ ─ ─ ≤⌂╢ ⱪꜝכ◒─ │ᵑ ◖▪⅜

⅝ↄᵒ ⅜ ↄᵓ ─ ⅜ ⌂™ᵔ ⅜ ™

─ │ⱴ◒꜡ⱨ□ה☺כTꜞfiⱤ ᵕ ⌐ ╗≤™╦╣≡™╢⁹

─ 15-30 │┘╠╪ ⱪꜝכ◒⌐╟╢╙─≢ⱪꜝכ◒─ ≢ ─

⅜ ◖▪⌐ ⇔⌂™ ™ ⌐╟╡ ⅜ ↕╣╢ ≢№╢⁹ ╛

⅜ ⇔ↄ⁸ ≤ⱪ꜡♥○◓ꜞ◌fi⌐ ╗ⱪꜝכ◒⌐ ↄ ╘╠╣╢

( з΅5) 
16)⁹ 

 

↓─╟℮⌂ ⌂ │ ⌐╟∫≡ ╠╣╢ ⁸ⱪꜝכ◒─ ⁸ ⌐

╦╢ ≤↕╣╢ ─WSS╛ OSI⌂≥│ ≢│ ╠╣⌂™ ─

─ ─ ╩ ≤∆╢⁹∕─√╘⁸WSS╛ OSI⅜ ≢№╢

з΅5)  A: ⱪꜝכ◒ B: ┘╠╪ ⱪꜝ16 ◒כ)╟╡      

ⱪꜝכ◒─ │⁸ ─ ╛ ∞≤ ↕╣⁸ ⌐

↕╣≡™╢⁹                                                                        
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⸗♦ꜟ╩ ™≡ ⌂ ╟╡ ⅔╟┘ⱪꜝכ◒ ⌐ ∆╢

⅜⅔↓⌂╦╣≡⅝√ з 2.3
13.14,15)⁹∕↓≢ ≢│ ⸗♦ꜟ╩ ™≡

ה ⌐ ─ ╩ ⇔ ⅔╟┘ ╩ ⌂∫√⁹

⌐⅔↑╢ⱪꜝכ◒─ ה ꜞ☻◒─ ⁸⅔╟┘ CABG ⌐⅔↑╢

◓ꜝⱨ♩ ⌐ ╦╢ ╩ ⌐ ⇔⁸ ─ ╩∆╢↓≤⅜

≢№╢⁹ 

 

з Ί2 ⸗♦ꜟ╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi ─  

Computational Fluid Dynamics  ( CFD)│◖fiⱧꜙכ♃כ╩ ™≡

─ ⌐ ∆╢ ≢№╢♫ⱦ◄☻♩כ◒☻ ╩ ⇔≡ ╩ ╘

╩ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi ≢№╢ з 6 ⁹CFD │ ╛

⁸ ⌂≥─ ≢ ↕╣≡⅝√⁹CFD ─ │⁸ │

≢⁸ ╩ ⇔≡╙◖☻♩⅜⅛⅛╠⌂™≤™℮↓≤≢№╢⅜⁸ ≤⇔≡

│ ⌐ ₁⌂ ╛⸗♦ꜟ╩ ™╢√╘ ∕╣⌐╟╢ ⅜ ≢⅝⌂™≤™

℮ ⅜№→╠╣╢⁹ 
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│ ≢╙ ◦Ⱶꜙכ◦ꜛfi│ ╡ ╣╠╣≡⅝≡™╢⁹ ─

≢│╙≤╙≤ ⌐ ⅜ ≢ ⌐ ⅜♄▬♫Ⱶ♇◒⌐ ∆╢√

╘ 1995 ⁸ ╩ ∆╢ ≤⇔≡ CFD⅜ ╦╣≡⅔╡⁸ ─

⅔╟┘ ─ ─ ⌐ ⇔≡⅝√ з 7
17,18)

  

 

з΅6)CFD⌐╟╡ ↕╣√ ─   

ANSYS ⱱכⱶⱭכ☺ http://ansys.jp╟╡  

╩ ℮ ≢⁸ ⌂≥╩ ∆╢↓≤⅜ ≢№╢⁹ 

http://ansys.jp/
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│ ⅛╠ ⅔╟┘ ─ ≈─ ⅛╠ ↕╣╢

≢№╢⁹ ꜟ♥כ♥◌ ╛ ◖fiⱧꜙכ♃כ Computed tomography 

з΅7)  ⌐⅔↑╢ CFD  17)╟╡  

Fontan ⌐⅔↑╢ ╩ ╩ ≤ ⌐ ⇔ ⌂ conduit─◘

▬☼╩ ⇔√ ⁹ 
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( CT) ⁸ ⌂≥╩ ™≡ ⅜ ╦╣⁸ ╛ ⱪה

─◒כꜝ ⅜ ╦╣≡⅝√⁹∕─ ≢⁸ ꜟ♥כ♥◌ ≢ ↕╣╢─⅜

≢№∫√⅜⁸2010 ⌐ Kern MJ╠│ ⅜ ⌂ ╛ ⌐⅔™≡

ꜟ♥כ♥◌ │ ╩ ⇔≡⇔╕℮ ⅜ ™≤ ⇔√ 19)⁹

≢ ─ │ הכ◖◄ ⌂≥⅜ ™╠╣╢⅜ ─ ⌐

╙ ↕╣≡™╢─│ ◦fi♅◓ꜝⱨ▫⁹╢№≢כ⇔⅛⇔ ◦fi♅◓ꜝⱨ▫כ≢

│ ≢ ↕╣√╡⁸ ─ ─ ⅜ ≢№╢≤™℮

⅜№∫√ 20)⁹∕↓≢◖fiⱧꜙכ♃כ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™╢ ≢⁸ ⅔╟┘

╩ ∆╢↓≤⅜ ⌐⌂╡ ─ ≢№∫√ ⅛≈

⌂ ⅜ ≤⌂∫√⁹ 

2011 Koo BK╠│ Computation of Fractional Flow Reserve from Coronary Computed 

Tomography Angiography Data ( FFRCT) ≤⇔≡ ─ CT⅛╠

 Fractional Flow Reserve ( FFR) ╩◖fiⱧꜙכ♃כ≢ ∆╢ ╩ ⇔ 21)⁸

DISCOVER-FLOW
ꜟ♥כ♥◌≡™⅔⌐ (22 ≢ ⇔√FFR ≤ ⅜№╢↓

≤╩ ⇔√⁹╕√DeFACTO
23)≢ FFRCT─ ╩ ↄ─ ≢ ⁸

☻♃fiⱨ◊כ♪ ─ ≢№╢ Taylor CA╠│ Heart Flow ╩ ∟ →⁸₈

≢ ╩ ⇔⌂⅜╠ ╩ ≈ ▪►♩◌ⱶ╩ ∆╢ ⌂

₉≤⇔≡ FFRCT╩ ↕∑√ ( з΅8)⁹ 



21 

 
 

з 8)    Heart Flow ⌐╟╢ FFRCT─ⱨ꜡כꜗ♅כ♩ 

Heart flow ─ⱱכⱶⱭכ☺ http://heartflow.com/overvie╟╡  

CT╟╡ FFR╩ ∆╢ FFRCT⅜ ה ↕╣√⁹ 

http://heartflow.com/overvie
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╕√ Dur O╠│ CFD╩ CABG⌐ ⇔⁸◓ꜝⱨ♩ ≤ ⌐⅛⅛╢

☻♩꜠☻─╙√╠∆ ╩ ∆╢ ╩ ⇔⁸ò ◦Ⱶꜙ꜠כ◦ꜛfiò≤™℮

╩ ⇔√ 24) зΊ9 ⁹ ─ CT⅛╠ ╩ ⇔⁸◖fiⱧꜙכ

כ♃ ≢ ₁⌂ Ᵽ▬Ɽ☻╩ ™⁸ ⌐⅛⅛╢WSS⌂≥╩ ⇔⁸WSS⅜

⌐⌂╠⌂™◓ꜝⱨ♩♦◙▬fi╩ ∆╢ ╩ ⇔√⁹ 

 

  

з 9) Ᵽ▬Ɽ☻◦Ⱶꜙ꜠כ◦ꜛfi 24)╟╡  

⌐ Ᵽ▬Ɽ☻╩ ™⁸WSS─ ⌂™ ╩ ⇔√ ⁹ 
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з Ί3   ─  

↓─╟℮⌂ CFD─ ⅜ ╕╡≈≈№╢ ≢⁸ ─ │ ⌐

⌐⅔↑╢ ⱪꜝכ◒─ ─ ⅔╟┘ CABG ─ ╩ ∆╢◦☻

♥ⱶ╩ ∆╢ ≢№╢⁹∕─√╘⌐╕∏ ─ ╩⁸ ╩ ™≡

⇔√ ⸗♦ꜟ≢ ⇔⁸⸗♦ꜟ ⁸ ─ ╩ ⇔√℮

ⅎ≢⁸ ╩≥─ ⅛≥℮⅛╩ ⇔√⁹ ⌐⁸∕─ ⸗♦ꜟ≤

⸗♦ꜟ≢─ ─ ╩ ™⁸ ⌐ ⸗♦ꜟ≢ ╕≢ ╠⅛⌐⌂∫

≡™⌂⅛∫√ √⌂●▬♪ꜝ▬fi ⌂ ╩ ∆╢═ↄ ╩

≈⸗♦ꜟ⅔╟┘Ᵽ▬Ɽ☻⸗♦ꜟ╩ ⇔ ╩ ∫√⁹ 
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з-10)  ─ⱨ꜡כꜗ♅כ♩ 
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и  ⸗♦ꜟ─  

и ˈ1  

CFD╩ ™√ ⌐⅔↑╢ │ Taylor CA╠⅜ ∫√╟℮⌐ ₁─

CT╟╡ ╩ ⇔◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮≤™℮╙─≢№∫√⁹⇔⅛⇔⁸

⸗♦ꜟ│ ─ ─ ╩ ⇔≡™╢⅛╠↓∕⁸ ╩ ∂╢⌐│

─ ⅜♃כ♦ ≢№∫√⁹╕√⁸ ∆╢╟℮⌐ ─ ⁸♫

ⱦ◄☻♩כ◒☻ │ ⌂ ≢№╡⁸↓─╟℮⌂ ╩ ↄ CFD 

simulation─ ╩ ⌐ ╘√─∟⌐ ─╟℮⌂ ≤⇔≡ ╩ ≤

♃כ♦╢∆ ╩ ℮↓≤│ √⇔≡◘▬◄fi☻≤⇔≡─ ╛ ⅜≥─

↕╣╢─⅛ ⅜ ╢≤ ⅎ≡™╢⁹∕↓≢ ⁸ ╩ ∆╢√╘⌐ ≈─

⸗♦ꜟ╩ ⇔⁸∕─℮ⅎ≢ ─ ╩ ∆↓≤⅜ ⌐⌂╠⌂™⅛≤ ⅎ⁸

⸗♦ꜟ╩ ∆╢↓≤╩ ⇔⁸ ₁─ ─ ⌐ ↕╣⌂™●▬♪ꜝ

▬fi ⌂ ╩ ∟℮╢ ╩ ∆╢√╘─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√ 16, 18)⁹↓↓

≢─ ⸗♦ꜟ─ ≤⇔≡│ ─ ⌐ ℮↓≤╩ ≤⇔≡™╢⁹з.

⁸ ⁸ ⌂≥─ ⌂ ⌐ ⇔≡│ ─ ─

╩ ™≡ ∆╢⁹и. ⌐ ⇔≡│ ⌂ ╩╙≤⌐⁸≈╕╡

LAD │ ╩ ⌐ ⅛™╕∫∆←⌐ ⇔⁸RCA⁸LCx│ ₁ ⁸

╩ ⇔⁸ ╩ ⌐ ↑≡ ╩ ∆≤™℮ ─ ⌂
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╩ ∆╢╟℮⌐ ⇔√⁹√∞⇔↓─◦Ⱶꜙ꜠כ◦ꜛfi ─ │⁸₈ ₉

≤⇔≡≥─ ⅛╠⇔™─⅛╩ ∆╢ ⅜ ⌂ ≢№╢⁹↓↓≢│ ⅜№╢

⌐ ↕╣⁸ ╩ ∂╢ ⌐ ⌂⸗♦ꜟ≢№╢↓≤⅜ ⅛≈

⌂ ≢№╢≤ ⅎ╢√╘⁸ ─ 2 ⅜ ↕╣╣┌ ⌂⸗♦ꜟ≤⇔≡ ≢№

╢≤ ⇔√⁹╕∏⁸ ⌐⅔™≡ ⁸ ⁸ Viability ⅜ ≢№╢

≤™℮ ≢╟ↄ ∆╢ 3 ╡─ ⌐⅔™≡⁸ ⌂ ⅜ ↕╣≡™

╢⸗♦ꜟ≢№╢⅛≥℮⅛≤™℮↓≤⁸ ⌐ ≥♃כ♦ꜟ♥כ♥◌ ─ ╩

⇔⁸ ≤⇔≡ ≤↕╣╢ ─ ╩ ⅛≥℮⅛≤™℮↓≤≢№╢⁹

≢│↓╣╠─ ⌐ ⇔≡╙ ╩ ℮⁹ 

 

и Ί2  

и ˈ2 A) ─  

↕╣≡™╢ Computer Assisted Design (CAD) system≤™℮ ⁸ ⌂≥≢

◖fiⱧꜙכ♃כ ⌐ ╩ ∆╢◖fiⱧꜙכ♃כ ◦☻♥ⱶ╩ ™≡⁸◖fiⱧꜙ

כ♃כ ⌐ ↕╣√ ⸗♦ꜟ╩ ⇔⁸∕─⸗♦ꜟ⌐↕╕↨╕⌂

╩ ⇔√⁹ ≤⇔≡⁸ ≢│ ˈ ⁸ ≢│

─≢(Volcano Corp, Rancho Cordova, CA) ꜟ♥כ♥◌ òCombowire òꜟ♥כ♥◌

─ ╩♃כ♦ ™⁸ - ╩ ⇔√⁹ ⌐ ↕╣≡™╢ ICEM-CFD 
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(ANSYS Japan, Tokyo Japan)≤™℮ⱷ♇◦ꜙ ♁ⱨ♩►▼▪╩ ™≡ ╩ⱷ♇◦ꜙ

≤ ┌╣╢ ⅛™ ⌐ ⇔⁸∕─ ≢─ ⁸ ─ ╩ ∆╢↓≤≢⁸

⁸ ╩ ⇔√⁹ⱷ♇◦ꜙ│ ╩ ℮ ╩ ⱷ♇◦ꜙ≢

⇔⁸↕╠⌐ ⌐ ─ ⱷ♇◦ꜙ ⱪꜞ☼ⱶⱷ♇◦ꜙ ╩ ↄ ⌐ ⇔⁸

⇔√ ─ ╩ ╠╣╢╟℮⌐⇔√⁹ ─ ≤ ─

♫ⱦ◄☻♩כ◒☻ ╩ ─╟℮⌐│╠╣√ ─⌂⅛≢ ↕∑╢

√╘⁸CFD♁ⱨ♩►▼▪ ANSYS-CFX 14.5 (ANSYS Japan, Tokyo, Japan)╩ ⇔⁸

╩ ™ ↕╣√♫ⱦ◄☻♩כ◒☻ ╩ ⇔√⁹ │ ≢

⅜ 1060 kg m
-3 ⁸ ⅜ 0.004kg m

-1
sec

-1 fi♩כꜙ♬─ ╩ ⇔√ 18)⁹ ─

Courant-Freidrichs-Lewy
25 ╩ √∆╟℮⌐ ╖ ♃▬ⱶ☻♥♇ⱪ │ 10

5

⌐ ⇔√⁹ 

       
Ў

Ў
     ὅ 

↓↓≢⁸Ⱥx │ ≢№╡⁸ ⌂ⱷ♇◦ꜙ─ ⅝↕╩ ⇔⁸Ⱥt │

≢№╡⁸ ≢ ™╢ ╖ ≢№╢⁹C│ ⌂ ≢№╡⁸ ↕╣╢

─ ≢№╢⁹ ⌐ ™≡│ ⇔√ ╩ ╢√╘⌐│ ⅜

↕╣╢≤↕╣╢⁹╕√ ≢│ 2 ─ ╩ ∫√⁹ 

─ │ и Ί . C) D)E) ≢ ═╢⁹ 

ⱨ꜡כꜗ♅כ♩╩ ⌐ ∆ иˈ1⁹ 
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и Ί2 B) ⸗♦ꜟ─  

≤ ↕╣√ ꜟ♥כ♥◌ 10 ─ ─ ─ ╟╡

LAD ה ─ ╩ ⇔√⁹ 26)╩ ⌐ ⁸ ─

⅔╟┘ ─ ⁸ ⅛╠ ╕≢─ 27)╩ ⇔⁸LCx│

─ ╩ ∆╢╟℮⌐⸗♦ꜟ ╩ ∫√ и 2 ⁹ 

⌐ ↕╣√ RCA⸗♦ꜟ╩ ⇔√⁹╕∏ ╩ ≈ CT 100 ─

╩ ™≡ RCA ה ה ╩ ⇔√⁹ │ ╩ ™≡

─ ╩ ⇔⁸ ─ ╩ ∆╢╟℮⌐⸗♦ꜟ ╩ ∫√ и

3 │♃כ♦⁹ ≢№╢ ⅛╠ ╩ ≡ ↕

╣√⁹ ⌐Ᵽꜟ◘ꜟⱣ ─№╢ ⌐ ╩ ↕∑√⸗♦ꜟ╩ ⇔

 и 1)  ─ⱨ꜡כꜗ♅כ♩ 

╕∏ ⌂ ╩ ⇔ⱷ♇◦ꜙ≤™℮ ⅛™ ⌐ ╩ ∆╢⁹∕─

╩ ⇔⁸ ─ ה ╩ ∆╢⁹ 
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√⁹ ⅔╟┘Ᵽꜟ◘ꜟⱣ ─ │ ╩ ⌐⇔√ и 4 ⁹ 

 

 

 и 2)  ⸗♦ꜟ 

10 ─ CAG♦כ♃╟╡ ⇔√ ה ה ─ ╩ ⌐ ◖fi

Ⱨꜙכ♃ ◦☻♥ⱶ╩ ⇔≡ ⇔√ ⸗♦ꜟ 

и 3   ⸗♦ꜟ 

100 ─ CT ╡╟♃כ♦ ⇔√ ה ה ─ ╩ ⌐

◖fiⱧꜙכ♃ ◦☻♥ⱶ╩ ⇔≡ ⇔√ ⸗♦ꜟ⁹ 
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 и 4)  ⸗♦ꜟ 

╩ ⌐ ⇔√ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⁹ 
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Ί2 C) ⸗♦ꜟ─  

─ 3 ╩♃כ♦─ ≢№╢ ⅛╠ ╩

≡ ↕╣⁸ ⌐ ™√⁹з. FFR ─№╢ RCA #2-#3─ ⌐ ─№╢

⁹и. RCA#1─ ⌐ 50 ⅜№╢≤ ↕╣√ 89 ⁹й. RCA#1─ ⌐

50 ⅜№╢≤ ↕╣√74 ⁹↓─3 ─ CT╩ ™≡Digital Imaging 

and Communication in Medicine (DICOM) ─♦כ♃⅛╠ ╩ ⇔ ⸗♦

ꜟ╩ ⇔√⁹CT─ ╩ ╗ ⌐│ DICOM ≤™℮ ⅜ ™╠╣≡⅔

╡ ↓─ⱨ□▬ꜟ⌐│ Bit map image ─ ─♃כ♦ ⌐⁸☻ꜝ▬☻ ꜝ☻ה

▬☻ 1ה Ⱨ◒☿ꜟ─ ⅝↕≤™∫√ ♃ⱷ─♃כ♦ ⅜ ╘╠╣≡⅔╡⁸3

⌐ ∆╢ ⌐ ™╠╣╢⁹ ╠╣√ DICOM ─ⱨ□▬ꜟ╩ Osilix (Osilix 

Foundation, California, USA)≤™℮ⱨꜞכ♁ⱨ♩►▼▪╩ ™≡ ─ ╡☿◓ⱷfi♥

╩fiꜛ◦כ ∫√⁹╕∏⇔⅝™ ╩ ⇔⁸ ─◖fi♩ꜝ☻♩ ─ ╩ ⇔

√⁹⇔⅝™ │ 2 ╩ ℮√╘ ─Ⱨ◒☿ꜟ─ ─◖fi♩ꜝ☻♩ ╩ ═⁸∕

─ ╟╡ ─Ⱨ◒☿ꜟ╩ ≤ ⇔√⁹⇔⅝™ ⌐╟╢ 2

│Ⱨ◒☿ꜟ─ ─ ⅛╠ 2 ╩ ℮√╘⁸ ⌂ ─ │ ↕╣

⌂™⁹∕─√╘ ─ ╛ ─ ≢⌂™ ─ ╙ ↕╣╢⁹↓

╣╠╩ ↄ√╘ 3D Region growing ≢ CT⅛╠ ╛ ╩

⇔√⁹↓↓≢⁸ ≤│ ⅛╠ ╩ ╡ ╖⌂⅜╠ ╩
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™⁸ ╩ ∆╢ ≢№╢ 28)⁹∕─ ≢ ─⌂™ ⌂≥

─ ─ ╩ ™ 3D coat (Pilgway. Co, Ukraine) ─ 3 ◖fiⱧꜙכ♃◓ꜝ

ⱨ▫♇◒☻♁ⱨ♩►▼▪╩ ™≡ ╩ ╛ ⇔⌂™╟℮⌐Ⱳ◒☿ꜟ

☻ⱶכ☺fi◓⌐ ≠⅝ ╩☻ⱶכ☼ ⇔√ и 5 ⁹ 

 

и 5  ⸗♦ꜟ ⅔╟┘ ⸗♦ꜟ 

CT╟╡ ─╖╩ ⁹ ⌂ ╩ ⇔⁸ ╩☻ⱶכ☼⌐⇔

╩ ≈⸗♦ꜟ╩ ⇔√⁹ 
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↕╣√∆═≡─ 3 │ Standard Triangulated language (STL)≤™℮ ≢

∆╢⁹↓╣│⸗♦ꜟ─ ╩ ↕⌂ ⱷ♇◦ꜙ╩ ⅝ ╘√╙─≤⇔≡

⇔√ⱨ□▬ꜟ≢⁸ │ ⌐⇔⅛ ♃כ♦⅜™⌂⅝≢⅜≥↓╢∆ ⅜ ≢№

╢↓≤⅛╠ꜝⱧ♇♪ⱪ꜡♩♃▬Ⱨfi◓─ ≢│ ⌂ⱨ◊כⱴ♇♩≤⌂∫≡⅔╡⁸

3 ╩ ℮ ₁⌂ ♁ⱨ♩►▼▪≢ ℮↓≤⅜≢⅝╢⁹STL⌐ ↕╣√

─ ─ ─ ⅛⌂ ╩ ╡ ↄ√╘⌐⁸○כⱪfi♁כ☻─ 3 ◖fiⱧꜙכ♃כ◓ꜝ

ⱨ▫♇◒☻♁ⱨ♩►▼▪≢№╢ Blender╩ ™≡ⱳꜞ◗fi☻ⱶכ☺fi◓─ ⌐ ≠⅝

─ ╩ ╡ ⅝ ╠⅛⌂ ⌐⇔√⁹ 

 

и Ί D) ⱷ♇◦ꜙ─  

CFD ≢│ ⌐ ↕╣√ ─ ⌐⅔™≡ ⁸ ⁸ ≤™∫√ ╩

╘≡™ↄ↓≤⌐╟∫≡⁸ ≢№╢ ╛ ─ ╩ ∆╢⁹ ╣ │∕─ ╩

╗ ≢№╢ⱷ♇◦ꜙ⌐╟∫≡ ↕╣╢⁹ 

≢│ иˈ6 ⌐ ∆╟℮⌂ⱷ♇◦ꜙ╩ ⇔√⁹ⱷ♇◦ꜙ│ ⌐│╠╣

≥ꜙ◦♇ⱨ▼☻ⱷכ◘╢ ╩ ⅝ ╘╢Ⱳꜞꜙכⱶⱷ♇◦ꜙ⅜ ∆╢⅜⁸Ⱳꜞꜙכ

ⱶⱷ♇◦ꜙ⌐ ⇔≡│♥♩ꜝⱷ♇◦ꜙ ┘ⱪꜞ☼ⱶⱷ♇◦ꜙ─ 2 ─ⱷ♇◦ꜙ

╩ ⇔√⁹ 
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│ꜙ◦♇ⱨ▼☻ⱷכ◘ ─ ⌐ ─ ⱷ♇◦ꜙ⌐ ↕╣√ⱷ♇

◦ꜙ≢№╡⁸ ⌐ ≤ ≢ ↕╣╢⁹Ⱳꜞꜙכⱶⱷ♇◦ꜙ│ ≢ ™

√╙─│ ⱷ♇◦ꜙ≤ ┌╣╢ⱷ♇◦ꜙ≢№╡⁸ⱷ♇◦ꜙ∕─╙─⌐ ╩

√⌂™⅜⁸ ⌂ ╩ ∆╢ ⌐╙ⱨ▫♇♩∆╢≤ ╠╣╢⁹ ≢ ™√

Ⱳꜞꜙכⱶⱷ♇◦ꜙ│♥♩ꜝⱷ♇◦ꜙ≤⇔≡╕∏ ─ⱷ♇◦ꜙ⌐ ⇔⁸

╩ꜙ◦♇ⱨ▼☻ⱷכ◘─ ∫√╕╕ ─ ™ 3 ─ (ⱪꜞ☼ⱶ)ⱷ♇◦ꜙ╩

⇔√⁹↓╣│⁸ ⌐⅔™≡│ ─ ⌐╟╡ ≢│ ⅜

и 6   ⱷ♇◦ꜙ  

─ ╩ ⌐ ∆╢√╘⁸ ⌐ ™ │ ─ⱪꜞ☼ⱶⱷ♇◦ꜙ

╩⅔™√⁹∕─ ─ │ ─♥♩ꜝⱷ♇◦ꜙ≢ ╩ ⇔√⁹ 
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⇔ ≤ ⌂╢ ─ ╣⅜ ↕╣╢⅜⁸ ≢│WSS╩ ∆╢√╘⌐│↓─

⌐⅔↑╢ ╣ ╩ ↄ ∆╢ ⅜№╡⁸ 3 ─ⱪꜞ☼ⱶⱷ♇◦ꜙ

╩ ⇔√⁹ⱷ♇◦ꜙ ─ Ɽꜝⱷכ♃╩ ⌐ ∆⁹ 

 

 

╕√⁸ │ ⌐ ↕╣≡⅔╡ │ ≤⌂╢ ⌐ ⇔≡ ↕™

≤ ⅎ╠╣╢√╘ ╩ ≤ ⇔√⁹ 

 

и Ί2 E) ─  

⸗♦ꜟ⅜ ⌂⸗♦ꜟ⅛╩ ∆╢√╘⌐ ⌂ ╩ ⇔√

⌐╟╢ ╩⁸╕∏│∂╘⌐ ∫√⁹ ⁸ ╩ 90mmHg⌐

⇔√⁹ │ ─ ─╟℮⌐ ⇔√ и 5 ⁹LAD

│ LAD ╩ ─ ╟╡ ↄ∆╢√╘⌐⁸ Diagonal branch (

Dx) ⁸ Obtuse marginal ( OM) ⁸ Posterior lateral ( PL)⁸

Poster descending branch ( PD)⁸ atrioventricular node 
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artery ( AV) ╟╡ ╩ ⇔√⁹╕√ │ ╩ ⌐⇔≡

╩ ⇔√⁹ ≢│ FFR≢ ╩ ∆╢√╘

╩ ∆╢ ⅜№∫√⁹ ⌐│ │ 3-5
27) ⌐ ∆╢

√╘⁸∕─ ╩ ≢⅝╢╟℮⌂ ╩ ⇔√⁹ 
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 и 7)  ⸗♦ꜟ─ ─  

⌐ ™√ ⁹ ─ │ ╩ ⁹ ⅜ ≤ ∆╢

╩≤╢╟℮ ⁹╕√ ⌐│ ─ 0.13 ─ ╩ ⇔√⁹ 
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⌐Ᵽ▬▪ⱦꜞ♥▫─ ™ ╩ ∆╢√╘⌐ ╩ LAD ─╖

─ ─ ╩ ™√⁹ 

 

≢│ ⌂ ╩ ∆╢√╘─ ╩ ℮√╘⁸Volcano ─

ꜟ♥כ♥◌ Combowire catheter (Volcano Corp, Rancho Cordova, CA)╩ ™

≢ 10 ─ ⅔╟┘ ≢ ⅔╟┘ ╩

⇔√⁹∕─ ╡╟♃כ♦ LAD ⅔╟┘ Dx ≢ ⌐ ⅔╟┘

╩ ⇔ ─ ╩ ⇔√ и 8 ⁹ 

left main trunk (LMT)⅔╟┘RCA ⌐│ ╩

⇔√⁹╕√ к ≢ ™√ ⌐│ ╩⁸ ⌐│

╩ ⇔√⁹ 

⌐ │ ─ ╟╡ ⇔√⁹ 

)Ô 0ÔȾ1Ô 

 1/m/s 
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I (t) = Impedance, P (t) = , Q(t) =  

LAD ─ ⌐│ LAD ≢ ⇔√ ה ╩ ™ ╟╡ ⇔√

╩ ⇔√⁹Dx⁸OM ⁸PL⁸PD⁸AV ─  │ Dx ≢ ⇔√ ה ⅛

╠ ⇔√ ╩ ⇔√⁹ ─ │ ⌐ ╩ 0 mmHg≤⇔≡™╢⁹ 

CABG⸗♦ꜟ≢│ Left Internal Thoracic Artery ( LITA )─ ╡ ⌐│

⅔╟┘ ╩⁸  Saphenous Vein Graft ( SVG) ─ ╡

⌐│ ⅔╟┘ ╩ ⇔√ и 9 ⁹ 

 

 и 8)  Combowire╩ ™√ ה ─  

╩ꜟ♥כ♥◌ ™≡ ⇔⁸ ⇔√ ⁹ ⌐│ ⁸

⌐│ ╩ ⇔√⁹ 
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 и-  9) ─  

⌐ ╩⁸ ⌐│ ╩ ≢ ⇔√ ╩  
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Ί2 F)  

↕╣≡™╢ CFD ♁ⱨ♩►▼▪, ANSYS-CFX 14.5 (ANSYS Japan, Tokyo, Japan)╩

⇔⁸ ─ ⌐│ ╩ ™√⁹ 

CFD ≢ ↕╣╢ ─ ⌐│ᵑ ᵒ ᵓ ─

⅜ ⌐ ↕╣≡™╢⁹ŋ ─ │ ⌐ ⇔≡ ™╠╣ ⌂ ⌐ ⇔

≡│⁸ ⇔√ ⅜ ╠╣⌂™⁹ ╩ ™√ ≢│ᵒ≤ᵓ─ ╩ ™

╢⁹ɔ ─ │ ⌐ ╖ ╩ ∂ ╩ ℮↓≤≢⁸ ─ ≡

─ ⌐⅔↑╢ ╩ ∆╢ ≢№╢⁹ │╙≤╙≤ ─

≤⇔≡ ⇔≡⅝√√╘⌐⁸ ─ ⌂≥⌐╙ ⅜№╡⁸ ─

╕≢╙ ⌐ ⇔√™ ⌐│ ™ ≢№╢⅜⁸ ─╖╩ ∆╢

⌐│ ◖☻♩⅜⅛⅛╢( ⁸ⱷ⸗ꜞ╩ ∆╢)⁹ ╩ ≤

⇔≡⅔╡ ─ ╩◦Ⱶꜙ꜠כ◦ꜛfi∆╢↓≤⅜ ≢№╡⁸╕√ ╩

≤⇔≡ ∆╢↓≤╩ ↕⌂⅛∫√√╘⁸◖fiⱧꜙכ♃כⱷ⸗ꜞ─ ⁸

─ ⌂≥╩ ⇔ ⇔⌂⅛∫√⁹ɔ ─ │ ╡ ℮ ⌐ ⇔≡

≤ ─ ╩ ↕∑≡⁸ ⱷ♇◦ꜙ ⌐ ≠ↄ Control Volume ≢─

╩ ∆╢ ≢№╡⁸ ─╟℮⌐ ╩ ™⁸ ◖☻♩

≢ ─ⱷ♇◦ꜙ╩ ⇔√™ ─ ⌐ ╡ ╗⌐│ ⇔√ ≢№╢≤

⇔√⁹ 
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⌐ ─ ╩ ∆╢℮ⅎ≢ ∆╢═⅝ ⸗♦ꜟ⌐ ⇔≡ ∆

╢⁹ ─꜠▬ⱡꜟ☼ Reynolds number (Re) │ 800 Re 1000≢№╢⁹↓↓

≢⁸꜠ ▬ⱡꜟ☼ ≤│ ─ ≤ ─ ╩ ∆ ─ ≢№╡ ─

≢ ╘╠╣╢⁹ 

Re    ɟvLɛ 

ɟ ─  v ─  L ↕ ɛ ─  

⌐꜠▬ⱡꜟ☼ │ ⅛╠ ┼─ ╩ ∆ ≤⇔≡ ™╠╣⁸Re>2300─

⌐ ⌐ ∆╢≤™╦╣≡™╢⁹ ∆╢ │꜠▬ⱡꜟ☼ ⅜ 2300

≢№╢√╘≢ ⸗♦ꜟ╩ ™⌂™ Laminar scheme╩ ⇔√⁹ 

Laminar scheme│♫ⱦ◄☻♩כ◒☻ , ─ ─ ╩ ≤⇔≡ ∆╢

≢№╢  

όϽɳ ό  ὴɳ ᶯό              ─  

”ɳό π                               ─  

u: ⱬ◒♩ꜟ ɟ: ɛ:  

╕√ ≢│ fi♩כꜙ♬╩ ≤ fi♩כꜙ♬⁹√⇔ ≤│ ╣─∑╪

⅜ ╣─ ⌐ ⇔√ ─ ╩╙≈ ─ ≢№╢ 29⁹ 
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ɩ ∑╪  U ─ ─ ─  y ─ ⅛╠─  

U/y: ╣─  ɡ: ∏╡  

⌐ ─ ─ 35 ⅛╠ 50 ╩ ╘╢ │ fi♩כꜙ♬ ≤™╦╣≡™╢

⅜⁸ ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡⁸ ⌂≥─ ≢│⌂ↄ ⌐ ⅜

⅝™ │ ╩ ╘√ fi♩כꜙ♬╩ ≤╖⌂∆↓≤│ ≢№╢≤™╦

╣≡™╢ 30)⁹ ≢│ ≤ ⇔ ⌐ ⅝⌂ ≢─◦Ⱶꜙ꜠כ◦ꜛfi≢

№╡⁸╕√ ─ ╣╩ ∆╢↓≤⅜ fi♩כꜙ♬╘√╢№≢ ≢№╢≤

⇔√⁹ 

⌐ ─ ⌐│ ≢─ ⅜ ⌐⌂╡ ↕╣√ ╩♃▬

ⱶ☻♥♇ⱪ≤™℮ ↓─♃▬ⱶ☻♥♇ⱪ│ ≢─ ⌐ ∆╢⅜⁸↓╣⅜

⅛↑╣┌ ⅛™╒≥ ≢ ⅛™ ⅜ ≢⅝╢√╘⌐ │ ⌐⌂╢

⅜ ◖☻♩╩ ⅝ↄ ∆╢√╘⌐ ⌂♃▬ⱶ☻♥♇ⱪ╩ ∆╢ ⅜№╢⁹╕

√ ⌐⅔™≡ 1♃▬ⱶ☻♥♇ⱪ √╡─ │⁸1♃▬ⱶ☻♥♇ⱪ╩

ⅎ≡│⌂╠⌂™≤↕╣╢⁹ 
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I

t
uCr
D

D
=  

(Cr: ◒כꜝfi , u: ─ ȹt: ♃▬ⱶ☻♥♇ⱪ ȹI: ⱷ♇◦ꜙ─ ) 

fiꜝכ◒─↓ ⅜ 1╟╡ ⌂™♃▬ⱶ☻♥♇ⱪ╩ ╗↓≤⅜ ╕⇔ↄ ≢│♃▬

ⱶ☻♥♇ⱪ╩ 10
-5≤ ⇔≡ ╩ ∫√ ─ │ ⌂ ╩ ⇔≡

≢ ⅜ 1060 kg m
-3 ⁸ ⅜ 0.004kg m

-1
sec

fi♩כꜙ♬─1- ╩ ⇔√⁹ 

≢ ⇔√ANSYS Fluent≤™℮♁ⱨ♩►▼▪≢│⁸SIMPLE Semḯ Implicit 

Method for Pressurë́Linked Equation ─ ≤™℮ ▪ꜟ◗

ꜞ☼ⱶ╩ ™≡⁸ ─ ⌐ ─ ╩ ∆╢↓≤⌐╟∫≡ ≤ ╩ ⌐

⇔√⁹ n-1 ⅛╠n ─ ─ ☿ꜟ─ ─ ─ ÷ ☿ꜟ─∕─

─n ─ ≢─ ─ ≢№╢ ⅜10- 3 ⌐⌂╢≤ ≤╖⌂∆≤™╦

╣≡⅔╡ ⌐⅔↑╢ │╟╡ ⌂ ╩ ℮√╘⌐ ╩10- 5⌐

⇔√⁹ 

 

и Ί2. G)   

⸗♦ꜟ⌐⅔↑╢ ─ ≤ ╩ ⇔√™≤ ⅎ√⁹∕─√╘

╕∏│ ─ ⅔╟┘ ⌐ ↕╣╢ ⌂≥╩ ≤

∆╢⅛≥℮⅛ ⇔⁸⸗♦ꜟ ─ ≤ ╩ ⇔√⁹ ⌐ ꜟ♥כ♥◌

≢ ⇔√ ─ Ᵽ▬▪ⱦꜞ♥▫╩ ╘√ ─ ╩ ∆Ɽꜝⱷכ
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╢№≢כ♃ FFR ─ ≤⁸ ∂ ─ CT⅛╠ ⇔√ ⸗♦ꜟ⅜ ─

FFR ╩ ╢⅛≥℮⅛ ⇔⁸ ╩ ╗⁸ ─ ╩ ⇔√⁹↓

↓≢ FFR ≤│ ⌐⅔↑╢ ─ ≤ ─

─ ≢№╢⁹ 

 

 

↕╠⌐ ⸗♦ꜟ≢│ ⌐≡ 50%⁸60%⁸75% ⸗♦ꜟ╩ ⇔⁸≥─ ⅜

⌂ ≤ ∂ FFR ╩ ∆⅛≥℮⅛⌐ ⁸ ≤ ⌐╟╢

╩ ⇔√⁹ 

 

и ˈ3.  

и Ί3 A) ⌐⅔↑╢ ─  
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≢─ ⅔╟┘ ╩ ∆⁹ 

─ │ ─ 5 ≢№╡⁸ ─ ⌂ ≢─

╩ 5 L/min≤ ∆╢≤ 250 ml/min≤⌂╢⁹ ꜟ♥כ♥◌ ╛

⌐ ≤⌂╡ │ 4-6 ⌐⌂╢ 27)⁹ │ ─ ⅜

162.4 ml/min≤⌂∫√⅜⁸↓╣│ ─ ↕╣╢ 250ml/min─ 64 ≤⌂╡⁸

─ ≤⇔≡ ⌂ ≢№╢≤ ⇔√⁹╕√ ⌐│  

⅜ 626.4 ml/min⁸ ⅜ 316.1ml/min≤⌂╡ │ ─

─ 3.7 ⌐ ⇔≡⅔╡ ⌐│ ⌐│ ⅜ 4 ∆╢↓

≤⅜ ╠╣╢√╘ 27) ⌂ ≢№╢≤ ⇔√⁹ ⌐ LAD ─ ≢ ╢≤⁸

⌐│ ⅜ ⅎ⁸ Ᵽ▬▪ⱦꜞ♥▫⅜ ™ ≢│ LAD │

⌐ ™ ╩≤╡ ≢╙⁸LAD ─╖ ⅜ ⌐ ⇔≡™╢↓≤⅜ ≢⅝√ 

( и 8)⁹ 
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и 3 B) FFR ≤ הꜟ♦⸗ ⸗♦ꜟ─ FFR ─

 

ꜟ♥כ♥◌ ⌐≡ ⇔√ FFR ⅜ 0.85≢№∫√ ─ CT╟╡

╩ ⇔ ⇔√ ╩ ∫√⁹ 

 и 10) ─ ─  

⌐│ ─ 3.9 ─ ⅜ ╠╣√⁹╕√⁸LAD Ᵽ▬▪ⱦ▫♥▫⅜

™ │ LAD ⅜ ⌐ ≤⌂╡ ╩ ≢⅝√⁹ 

 



48 

 

 

─ ≢ ⇔√ ⸗♦ꜟ⌐⅔↑╢ FFR │ 0.84≢№∫√ и

-11 ⁹╕√⁸ ⸗♦ꜟ⌐ ⸗♦ꜟ≤ ─ ⌐ 50%⁸60%⁸75% ⸗♦ꜟ─

и-12, 13, 14 ⅔╟┘ 50%⁸75% ⸗♦ꜟ⌐ ⇔≡│ ( и-15)≢

⇔√⁹50% ⁸60 ⁸70% ╩╙≈ ⸗♦ꜟ─ FFR │ 0.91⁸0.88⁸0.53

≢№╡⁸ ⌐⅔™≡ ≤ ↕╣╢ FFR ⅜ 0.80╩≤╢ │ ⸗♦ꜟ

⌐⅔™≡ 60% ≤ 75% ─ ⌐ ∆╢↓≤⅜ ⅛∫√ и-13 ⁹╕√⁸ ⌐

│ 75 ╩ ≤™℮⅜⁸ ⸗♦ꜟ≢ ─⸗♦ꜟ⅜ ⌐ ╢ FFR

╩ ≡™╢↓≤⅛╠⁸ ≤⇔≡ ⸗♦ꜟ≢ ╠╣╢ ⅜ ⌂ ╩

⇔≡™╢≤╙ ⅎ╠╣╢⁹╕√ ≤⇔√ ⸗♦ꜟ─ │ 59 ≢№

и 11 ≥♃כ♦ ⸗♦ꜟ─  

CAG⌐≡ FFR 0.85─ CT╟╡ ⇔√ ⸗♦ꜟ≢ ╩ ∫√

FFR│ 0.84≤ ─ ╩ √⁹ 
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∫√⅜⁸ ─ ⸗♦ꜟ⌐⅔™≡ 60% ─ FFR ≤ ╙ ™ ╩≤∫√

и-14 ⁹↓─↓≤⅛╠√∫√ ≢─ ≢│№╢⅜⁸ ─ ⸗♦ꜟ⅜ ⅝ↄ

╣√╙─≢│⌂™↓≤⅜ ⅛∫√⁹ ⌐ 50%⁸75%─ ⸗♦ꜟ─ ≤

─ ⌐ ⇔≡ ╩ ∫√⁹50% ⸗♦ꜟ≢│ ⅔╟┘ ≢

FFR │ 0.91≤ 0.92≤ ⇔≡⅔╡ ╙ ─ ⅜ ╠╣√⁹ 

 

 

и 12 50%⁸60%⁸75% ─ ⸗♦ꜟ 

⸗♦ꜟ─#1⌐ ─ ╩ ≈ 3 ─⸗♦ꜟ╩ ⁹ 
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╕√ 75% ⸗♦ꜟ≢╙ FFR │ ⅔╟┘ ≢ 0.54≤ 0.52≤ ∆╢ ╩

√⁹↕╠⌐ ╙ ─ ⅜ ╠╣√⁹ ╟╡ │ ≤ ∂

╩ ╢↓≤⅜≢⅝√( и-15)⁹ 

и 13 ─ FFR ⅔╟┘  

≢№╢ FFR 0.8│ 60 ≤ 75% ─ ≢ ⇔ ╩

≢⅝√⁹ 
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и 14 ⸗♦ꜟ≤ 60% ⸗♦ꜟ─  

⌐ ⇔≡ 60 ╩ ≈ ⸗♦ꜟ≤ 60 ─ ╩

╙≈ ⸗♦ꜟ─ FFR │ ─ ╩≤∫√⁹ 

и 15 ⸗♦ꜟ─ ≤ ─  

⸗♦ꜟ─ ≤ │ ∂ FFR ╩ √⁹ 
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↕╠⌐⁸ ≢│ mean pressure╩ 90mmHg≤ ⇔√⅜⁸ ⌐⅔™≡

╩ 80mmHg⁸70mmHg⌐ ↕∑≡╙ FFR─ ⌐ │⌂⅛∫√⁹

↓─ ⌐⅔™≡╙⁸FFR│ ─ ⌐ ↕╣∏⌐ ─ ╩ ∆╢

≢№╢≤™℮ ╩ ≢⅝√⁹ 

 

и ˈ4.  

╕∏⁸ ⇔√ ⸗♦ꜟ│ ╩ ⅎ╢ ≢ ╡⌐

╩ ≢⅝⁸ │ ≢⅝╢╙─≢№∫√⁹╕√ Ᵽ▬▪ⱦꜞ

♥▫⅜ ™ ╙ ≢⅝⁸ ─ ⅔╟┘ CABG ╩ ∆╢ 

℮ⅎ≢ ⌂ ⸗♦ꜟ≤ ⇔√⁹ 

1 ─╖≢│№╢⅜⁸ ꜟ♥כ♥◌ ⌐╟╢ FFR ≤⁸ ⸗

♦ꜟ╩ ─ ≢ ╩ ™ ⇔√ FFR │ ≢№∫√⁹Koo╠⌐

╟╢ FFRCT≢│ 103 ─ ≢─ FFR─ ≤ FFRCT─ ⌐ ⅜№∫√

╩ ⇔ 21)⁸ ⌐ ⸗♦ꜟ╩ ™≡ ⇔≡™√─⌐ ⇔⁸ │

╢╟⌐ꜟ♥כ♥◌ ╩ ⇔√⁹Koo╠─ ≤ ⇔⁸ │

─ ─╖ ⌂╡ ⌂≥⌐ ⇔≡│ ─ ╩≤∫≡™╢⁹

Koo╠│ 21⌐≡ 103 ─ ≢ FFR─ ≤ FFRCT─ ⌐ ⅜№∫√

╩ ⇔ з-7 ⁸ ⅛≈ ⌂ ≢№╢≤ ⇔≡™╢⅜⁸ ⌐│
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FFR ⅜ 0.80 ≢─ FFRCT │ ⅝ↄ┌╠≈⅝⁸ ⸗♦ꜟ≢│↓─№√╡─ FFR

⅜ ⅜ ⅝⌐ↄ™≤ ⅎ╠╣√⁹ ≢│ ─╖⇔⅛ │≢⅝≡™⌂™⅜⁸

≢№╢ FFRCT≤ ╒≤╪≥ ∂ ╩ ™≡⅔╡⁸FFR ⅜ 0.80

─⸗♦ꜟ⌐ ⇔ ≤ ∂ FFR ╩ ≢⅝√↓≤╟╡⁸ ─ ─

╩ ∆↓≤⅜≢⅝√─≢│⌂™⅛≤ ⅎ≡™╢⁹╙∟╤╪⁸ ↄ─

⸗♦ꜟ≢─ FFR ≤ FFR ─ │ ↑≡™ↄ ≢№╡⁸ ─◦☻♥

ⱶ─ │ ─ ≤⇔√™⁹ 

 ≢│ ⌂⸗♦ꜟ╩╙≤⌐ ≤ ╩ ∫√⅜⁸ ⁸

⅔╟┘ FFR │ ∆╢ ╩≤∫√⁹≈╕╡⁸ ╩ ∆╢ ≢│

≢ ⌂ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

⌐⁸ ⸗♦ꜟ│ 50%⸗♦ꜟ≢│ ⅜ ⇔≤ ↕╣╢ FFR ╩≤╡⁸

75%≢ ⅜ ╢≤ ≢⅝╢ ╩ ∫≡™√⁹↓╣│ ─ ≤ ∆╢

≢№╡ ⸗♦ꜟ≢─ ─ │ ╩ ≈≤ ⇔√⁹ 

⇔⅛⇔ Limitation╙ ↄ⁸ ─ ≤⇔≡ ⇔√ │ ─ ─ 10

╩ ⇔√ 2 ≢№∫√⁹⇔⅛⇔ │⁸ ─ │ ╩ ╘⁸

╕√ ─ ⌐ ∂≡ ⌂╢ ╩ ∆⁹ ⌐⅔™≡│◘fiⱪꜟ ⅜ ⌂

ↄ⁸ ╛ ⌐╟╢ ╩ ⇔≡ ─ ╩ ⅎ⌂⅛∫√⁹ │

◘fiⱪꜟ ╩ ╛⇔ Limitation╩ ∆╢ ⅜№╢≤ ⅎ≡™╢⁹ 
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↕╠⌐ ─ │ ⇔√⸗♦ꜟ╟╡●▬♪ꜝ▬fi ⌂ ╩ ╢√╘⌐

⇔√⸗♦ꜟ≤ ╩ ⇔√⅜⁸↓╣╩ ⇔⸗♦ꜟ─ ╩ ∆╢⌐

│⁸ ⌂ ◦fi♅◓ꜝⱨ▫כ≤ CT⅛╠ ─ ╛ Ᵽ▬▪ⱦꜞ♥

▫╩ ⇔√ ─ ⅜ ≢№╢⁹ ─ Ᵽ▬Ɽ☻╩ ∆╢√╘─

Future study≤ ⅎ≡™╢⁹ 

и ˈ5.  

─ ╟╡ ≢ ⇔√ ⸗♦ꜟ│ ─ ╩ ∆╢↓

≤⅜ ≢№∫√⁹╕√ FFR ≤ ⸗♦ꜟ─FFR │ ∂ ╩≤∫√√╘⁸

─ │ ⌂╙─≢№╢≤™℮ ⅜ ↕╣√⁹ 

↕╠⌐ ⸗♦ꜟ│ ⅔╟┘ ≢ ∂ ╩ ≢№╢ │

─ ≤ ∂ ╩ ≢№╢↓≤⅜ ↕╣√⁹ 
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й   

 

й ˈ1  

31

 

WSS OSI
32)

 

1997 Krams R RCA

WSS
33)

 

 

й Ί2.  

й ˈ2 A) 

 

2 2 2
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╕∏ RCA ⸗♦ꜟ─ ─ ⌐ 75 ─№╢ ⸗♦ꜟ╩ ⇔⁸ 

ñIdealized Concaveò model─ ⌐ ⅜№╢ ⸗♦ꜟ ⅔╟┘ñIdealized 

Convexò model─ ⌐ ⅜№╢ ⸗♦ꜟ ≤⇔√⁹ ⌐ CT╟╡

⸗♦ꜟ≤ ─ ⌐ ─ ─№╢ ⸗♦ꜟ╩ ⇔òPatient Specific 

Concaveò model ( ─ ⌐ ⅜№╢ ⸗♦ꜟ)⅔╟┘òPatient Specific 

Convexò model ( ─ ⌐ ⅜№╢ ⸗♦ꜟ)≤ ⇔√⁹ 

⌐ ≤⌂∫√ñIdealized Concaveò model, ñIdealized Convexò model, ñPatient Specific 

Concaveò model ⅔╟┘òPatient Specific Convexò model╩ ∆ й 1 ⁹ 

 

й 1 ⸗♦ꜟ 

#1─ ≤ ⌐ 75% ╩ ≈ ⸗♦ꜟ⁸50 ╩ ≈ ⸗♦

ꜟ╩ ⇔√⁹ 
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⌐ ─ ⸗♦ꜟ╩ ⇔⁸Dx ⌐⅔™≡ Dx≤ ─ LAD ⌐

75 ╩ ╘╢ ╩ñIpsilateralòmodel⁸Dx≤ ─ LAD ⌐ 75 ╩ ╘╢

╩ñContralateralòmodel≤ ⇔√ й 2 ⁹ 

 

й Ί2 B)  

╟╡ ⌂ ╩ ℮√╘⁸RCA ⌐ ╩ ⇔⁸

PD⅔╟┘ AV ⌐│ Dx─ ╩ ⇔√⁹ 

й Ί2 C)  

й 2 ⸗♦ꜟ 

≤ ─ ⌐ ≤ ⅔╟┘ ⌐ 75% ╩

≈ ⸗♦ꜟ╩ ⇔√⁹ 
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─ ⌐│ №╡⁸ ≤ ≢№╢⁹ 

 

≤│ ─ ─ ≢№╡⁸FFR⅜ ↄ ─ ⅔╟

┘ ⅜ ™↓≤≢ ≢⅝╢⁹ ⅛╠ ╣─ ⅜ ∂╢ ╩ ⇔√⁹ ⁸

│ ⱪꜝכ◒ №╢™│ⱪꜝכ◒ ╩ ↓⇔≡ №╢™│

╩ ↓∆ ╩ ∆╢ ≢№╢⅜⁸WSS⅔╟┘ OSI≢ ⇔√⁹ 

WSS≤│ ─ ─ ─↓≤≢№╢ 25)⁹ 

ὡὛὛᴆ = ɛ
ᴆ
 

(y : ⅛╠─    ὺᴆ: ⌐ ⌂ ) 

│ ≢ ⅜ ↄ⁸ ≢│ ╙ ™ ≢ ╣╢√╘ ≢

⅜ ∂╢⁹WSS│↓─ ⌐╟╡⁸ ╛ ╩ ╕∑╢ ≢№╡⁸

⅜ ↄ⁸ ⅜ ™╒≥⁸╕√ ⅜ ↕™ ⅝⌂WSS⅜⅛⅛╢⁹

⅜ ─ ≤ ╩ ∟ ╣≡™╢≤↓╤│⁸WSS⅜ ⌐ ⅝⁸

─ ─ ⁸ ⌂≥ ─ ⅜ ∆╢↓≤

⅜ ╠╣≡™╢⅜⁹ ⁸ ─ ה ≢│WSS⅜ ה ה



59 

 

⌐⅔™≡ ⌐ ⇔⁸ ─ ╩ ↕∑⁸╕√ ─ ╩

↓⇔ ⌐≈⌂⅜╢⁹↓─╟℮⌂ ≢│ ⌐ ⇔╛∆™≤™╦╣≡™

╢ 34)⁹ 

OSI│ ─ ≢ ↕╣╢⁹ 

T : ⌐⅛⅛╢  

OSI│WSS─ ─ ╩ ⇔≡⅔╡⁸0 1─ ≢ ↕╣╢⁹0│ ─WSS

≢№╢ ⁸1│ ─WSS≢№╢ ╩ ∆⁹OSI⅜ ™ ╩≤╢ │

─ ≤ ─ ╩ ↓∆≤™╦╣≡™╢ 9)⁹ 

↓─ ≈─ ╩ ™⁸Samady H╠│ ⱪꜝכ◒≤ ⱪꜝכ◒─ ™╩ ⇔

√⁹WSS⅜ ↄ⁸OSI⅜ ™ ⌐│ ⌐ⱨꜞכꜝ☺◌ꜟ⅜ ∂⁸ ≤⇔≡

ⱪꜝכ◒─ ⌐≈⌂⅜╡ ╩ ⅝ ↓∆⁹ ≢WSS⅜ ⌐ ↄ OSI

⅜ ™ ≢│ ─ ╩╙√╠⇔ ┼ ⇔≡™ↄ 35⁹ 

й Ί3  

й Ί3 A)   

6≈─⸗♦ꜟ─ FFR⁸ ⁸WSS⅔╟┘ OSI╩ ─ 2⌐ ∆⁹ 

╞╢╘ Ȣ
᷿╦╢╢▀◄
╣

᷿ ╦╢╢ᴆ▀◄
╣  
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 2 

 

RCA─ ⸗♦ꜟ⅔╟┘ ⸗♦ꜟ⌐⅔™≡òConcaveò model≤òConvexò 

model─ FFR│ ∂ ≢№∫√⁹ ⌐ ⇔≡│ⱪꜝכ◒─ ⌐ ⌂ↄ ∂

≢№∫√⁹∕─ ─ ╩ B⅔╟┘ C⌐≡ ⌐ ∆╢⁹ 

й ˈ3 B)  ⸗♦ꜟ─  

RCA │ ⸗♦ꜟ≢ ∂ ╩≤∫√⁹⇔⅛⇔WSS⅔╟┘ OSI│òConvexò 

model≢ñConcaveò model╟╡ ™ ╩≤∫√⁹ │òConvexò model≢│ⱪꜝכ◒─∆

← ≢ ⅜ ⇔≡⅔╡⁸ ≢WSS⅜ ⌐ ™ ⅜№╡⁸OSI⅜

ñConcaveò model╟╡ ≢№∫√⁹ ⁸ñConcaveò model─ │ⱪꜝכ◒─

≢ ⅝⌂ ╩ ↄ╟℮⌐ ╣⅜ ⇔≡⅔╡⁸OSI│òConvexò model╟╡ ≢№∫√

й 3 ⁹ 
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й 3 ⸗♦ꜟ─  OSIהWSSה

─⸗♦ꜟ│⁸ │ ⸗♦ꜟ≤ ≢№∫√⅜⁸ ╩╖╢≤

⌐ ╣─ ⅜ ⌐ ∂ OSI│ ™ ╩≤∫√⁹ 



62 

 

 

й Ί3 C)  ⸗♦ꜟ─  

⸗♦ꜟ─ ─ │ ─ ⅔╟┘ ╩ ≈≤™℮ ≢№

╢⁹∕─ ⁸ ⌐ ∂ ⁸ ⌐ ∂ ─ ╩ ∆╢

≤ │ ⌐ ↕╣╢⁹ ─ ≢│ ≈─ ⸗♦ꜟ─ │ ℮⅜⁸

FFR│ ∂ ╩≤∫√⁹ 

⁸ │ ⸗♦ꜟ≤ ∂ ≢№╡òConvexò model≢│ⱪꜝכ◒─∆←

≢ ⅜ ⇔≡⅔╡⁸ ╣─ ⅜ ↓∫≡™╢ ≢ OSI⅜ñConcaveò model╟

╡ ≢№∫√⁹ ⁸ñConcaveò model─ │ⱪꜝכ◒─ ≢ ⅝⌂ ╩ ↄ

╟℮⌐ ╣⅜ ⇔≡⅔╡⁸OSI│òConvexò model╟╡ ≢№∫√ ( й 4)⁹ 
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й 4) ⸗♦ꜟ─  OSIהWSSה

75% ⸗♦ꜟ≤ ⌐ ≢ ─ ─ ─ ⅔╟┘ ⌐

™ OSI ╩≤╢ ⅜ ⇔√⁹ 
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Ί3 D) ⸗♦ꜟ─  

ñIpsilateralò model≢│⁸FFR│ ≢№╡ LAD ⅔╟┘ Dx─ │

⌐òContralateralò model≤ ⇔ ™ ≢№∫√⁹WSS│ñContralateralò model≤

⇔≡ ™ ≢№∫√⅜⁸OSI│╒╓ ∂≢№∫√ й 5 ⁹ 

ñIpsilateralò model─ │ ╟╡ ⅜ ╣ LAD ⅔╟┘ Dx┼ ╣√ ─

╕╕ ╣↓╪≢™∫√⁹⇔⅛⇔òContralateralò model─ │ ☻Ɑכ☻╩℮╕ↄ

⇔⁸LAD ⅔╟┘ Dx⌐⌂∞╠⅛⌐ ⇔≡™ↄ ⅜ ╘╠╣√⁹ 
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й 5 ⸗♦ꜟ─  OSIהWSSה

Ipsilateral ⸗♦ꜟ≢ ⌐ ⌐ ╣─ ⅜ ↓╡⁸ WSS⅔╟┘ OSI─

⅜ ⇔√⁹ 
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Ί4  

╦╣≡™╢ ─ │ FFR≢─ ≢№╡⁸ ꜟ♥כ♥◌

─╖≢─ ╟╡╙ ╩ ∆╢≤™℮ │ ↕╣≡™╢ 27)⁹ ⁸

─ⱪꜝכ◒ ╛ ↕╩ ∆╢ │ ⅜ ╙ ╦╣

≡™╢ ≢№╢⁹ ⌐╟╡⁸ⱪꜝכ◒⅜ ⅛ ⅛⁸

⅜ ™⅛≥℮⅛⁸positive remodeling─ ⌂≥╕≢ ≢№╢ 36)⁹ ↄ─ ≢

ⱪꜝכ◒⅜ ╩ ↓⇔ ╩ ↓∆≤ ⇔≡™╢⅜⁸ⱪꜝכ◒

─ ╩ⱪꜝכ◒─ ╛ ╩ ⇔⌂⅜╠ ↕╣≡™╢ │

⇔⌂™√╘ ⇔√⁹ 

╕∏ ⸗♦ꜟ≤ ⸗♦ꜟ─ ⌐⅔™≡⁸òConcaveò model≤òConvexò 

model≢╒╓ ∂ ─ FFR⁸⅔╟┘WSS╛ OSI─ ─ ⌐ ⇔ ─ ╩

╢↓≤⅜≢⅝√⁹ 

òConvexò model≢│⁸ ─ⱪꜝכ◒ ⌐⅔™≡ ─ ⱬ◒♩ꜟ│ⱪꜝ

─◒כ ⌐ ⅛∫≡⅔╡⁸ⱪꜝכ◒ ─ ≢─WSS│ ≢№╡ ╣─

⌐⅔↑╢ OSI│ ≢№╢↓≤⅜ ⅛∫√⁹╕√⁸ ╣─ │ⱪꜝכ◒⅛╠

⌐ ⇔√⁹ 

⁸òConcaveò model≢│ ─ⱪꜝכ◒ ⌐⅔™≡ ─ ⱬ◒♩ꜟ

│ⱪꜝכ◒─ ≤ ─ ⌐ ⅛∫≡™╢↓≤⅜╦⅛╡⁸ⱪꜝכ◒ ─
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≢─WSS│òConvexò model≤╒╓ ≢№╢⅜⁸ ╣─ ⌐⅔↑╢ OSI

│òConvexò model╟╡ ≢№╡ ╣─ │ⱪꜝכ◒⅛╠òConvexò model╟╡

⌐ ⇔√⁹↓╣╠─ ╟╡òConvexò model│òConcaveò model╟╡ⱪꜝכ◒

─ ⅜ ™ ⅜ ↕╣√⁹ 

⌐⅔™≡ⱪꜝכ◒─ ⅜ ≤ ⌐№╢ │ LAD

⅔╟┘Dx─ ⅜ ─ ≤⌂╢⁹ ╩ ∆╢≤ ╠⅛⌐ñIpsilateralò model

≢ ⅜ ⇔≡⅔╡⁸WSS⅔╟┘ OSI│ ⌐ ≢№∫√⁹╕√ OSI⅜ ╩≤

╢ │ ╣─ ⅜ ∂≡™╢ ≢№╡⁸ñIpsilateralò model≢│ ╣─

⅜òContralateralò model╟╡ ⌐№╡ⱪꜝכ◒ ─ │ñIpsilateralò model─

⅜òContralateralò model╟╡ ™≤™℮ ⅜≢⅝╢⁹╕√WSS╛ OSI─ ≢ ⸗♦ꜟ

⌐ ⅝⌂ │⌂⅛∫√ │⁸òContralateralò model─WSS╛ OSI─ ╩ ╘≡™

╢ │⸗♦ꜟ─ ⁸ ⅜ ≡™╢ ≢№╡⁸⸗♦ꜟ ™ ╩≤∫√

⅜№╢≤ ⅎ≡™╢⁹ 

─ ─ │ ₁─ ╩ ╡ ⅝ ⌂⸗♦ꜟ╩ ∆╢↓≤⌐

╟╡⁸╟╡ ⌂ ╩ ╢ ≢№╢⁹⇔⅛⇔⁸ ─⸗♦ꜟ≤⅛↑ ╣√⸗♦

ꜟ⅔╟┘ ⌂ ≢│∕─╟℮⌂ │ ╢↓≤⅜ ≢№╢√╘⁸ ≢

│ ∂ ╩ ≈ ⸗♦ꜟ≢╙ ╩ ™ ─ ╙ ⇔√⁹∕─↓≤≢

⸗♦ꜟ╛ ─ ╩ ∆ ⅜ ≢№╡ ⸗♦ꜟ⅛╠ ╠╣√ ─
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╩ ╢↓≤⅜≢⅝√≤ ⅎ╢⁹ 

─ │ ⅜ ≢№╡⁸ ─ ⅜ ↕╣≡™⌂™⸗♦ꜟ≢№╢√

╘WSS╛ OSI─ ⅜ ─ ╟╡ ≢№╢ ⅜ ™⁹╕√ │ ⌐ⱪꜝ

⅜◒כ ⇔≡™╢ ─╖─ ⌐⌂∫√⅜⁸ ─ ≢│ ─ⱪꜝכ

◒ ╙ ⇔≡™╢√╘⁸ ⅜ ⌐⌂∫≡ↄ╢⁹ ⌐ ╙ ⌂

≢№╢ Ᵽ▬▪ⱦ▫♥▫─ ™⌐ ⇔≡│ ⇔≡⅔╠∏⁸ ⅜

≢№╢⁹ 

й Ί5  

─№╢ ≢│⁸ │ ∂ ≢№∫√≤⇔≡╙ ⌐№╢ⱪꜝ

─◒כ ⅜ ╩ ↓∆ ⅜ ™≤ ⅎ╠╣√⁹╕√ ⌐⅔™≡⁸

ⱪꜝכ◒⅜ ≤ ⌐ ⇔≡™╢ ⁸ ⌐ ⇔≡™╢ ─ ≤

⇔ │ ↄ⁸ⱪꜝכ◒ ─ ╙ ™↓≤⅜ ⅛∫√⁹ 
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к  ⌐ ∆╢ ◓ꜝⱨ♩♦◙▬fi 

к Ί1  

CABG ⌐⅔™≡⁸◓ꜝⱨ♩─ ≤♦◙▬fi⌐ ⇔≡↓╣╕≢ ₁⌂ ⅜ ╠↕╣⁸

ↄ─ ה ◄ⱦ♦fi☻⅜ ↕╣≡⅝√⁹LITA │ ⌐ 90-95 ─

⅜ ╠╣╢≤↕╣ 37, 38)⁸LAD ┼─ │ ╩ ↕∑╢↓≤│ ↕╣√

◄ⱦ♦fi☻⅜ ∆╢ 39)⁹ ≢ SVG│ ─ ╩℮↑╛∆ↄ⁸ ⅜ ⇔

╛∆™≤™╦╣≡™╢ 37.38)⁹ ⌐⅔™≡│ LITA -LAD ⌐ ⅎ⁸LCx ╛

RCA ⌐ ⇔≡─ ╩ ╦⌂↑╣┌⌂╠⌂™⅜⁸∕─ Dx ┼─

╩ ≢ ∆╢ ⌐◓ꜝⱨ♩♦◙▬fi⌐≈™≡ ╗ ⅜ ⅎ≡ↄ╢⁹Vural KM 

╠│ in-situ LITA⁸Independent SVG, Sequential SVG◓ꜝⱨ♩⌐ ∆╢ 5 │ ₁

87.1%⁸67.7 ⁸82%≢№╡⁸Independent ⌐ ™√ SVG│ Sequential ⌐ ™√

SVG╟╡ ⇔╛∆™↓≤⅜ ╠⅛⌐↕╣√ 40)⁹↓─╟℮⌐◓ꜝⱨ♩♦◙▬fi⅜

⌐ ╩ ╓⇔⁸∕─ ─ ≈≤⇔≡◓ꜝⱨ♩≤ ⁸№╢™│ ─

─ ─ ─ ⅜ ∆╢⁹ Nakajima H╠│ кˈ1⌐ ∆╟℮⌐ CABG─

≢◓ꜝⱨ♩ ─ ─ ─Ɽ♃כfi⌐≈™≡ ⇔⁸Sequential

≢№∫≡╙ ─╟╡ ─ ™ ╩ ⌐⅔ↄ≤Ᵽ▬Ɽ☻╩ ⅜ ∆╢

↓≤╛⁸ ─ ⅜ ⅝ↄ ⌂╢ 2 ─ ┼─ Y-composite≢│◓ꜝⱨ♩╩ ⇔

∆╢↓≤╩ ⇔√ 41)⁹ 
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≢LITA⌐ ╛ ⌂≥─ ◓ꜝⱨ♩╩ ↕∑╢Y-composite

◓ꜝⱨ♩≢│ ─ ⅜ ⌐ ⌐ ™ LITA ⅛╠ ⌐ ⇔⅝╣⌂

™≤╙ ↕╣≡⅔╡ 43)⁸ ─ ─ ≤ LITA ◓ꜝⱨ♩⅜ ≢

⅝╢ ≤─Ᵽꜝfi☻⅜ ≢№╢⁹ ⁸╟ↄ ≢ ↕╣╢ ─Ᵽ▬Ɽ☻

♦◙▬fi─ CFD⸗♦ꜟ╩ ⇔ ◓ꜝⱨ♩♦◙▬fi─ ≤ ╩ ≢⅝╢

⌂♦◙▬fi╩ ─ ⌐ ⇔√⁹ 

к Ί2  

к Ί2 A) ─Ᵽ▬Ɽ☻⸗♦ꜟ  

и ≢ ═√ ⸗♦ꜟ⌐ Dx ─ LADהDxהOM ⌐ 75 75ה 75%ה

к 1 Ᵽ▬Ɽ☻◓ꜝⱨ♩⌐ ∆╢  

SequentialⱣ▬Ɽ☻─ ╩ ⌂ ⌐ ℮≤◓ꜝⱨ♩ ⅜ ⇔√╡⁸◓

ꜝⱨ♩ ╩ ⅜ ⇔√╡⁸ ╩ ╡ ™⁸ ⅜ ∆╢ ⅜ ↕╣≡

™╢⁹ 
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90%ה90%ה⁸90% ⁸⅔╟┘ 75ה90% 90%ה ╩ ╖ ↕∑≡ ─

⸗♦ꜟ╩ ⇔√⁹ ⸗♦ꜟ⌐ ⇔≡ 2 ─ LITA ⅔╟┘ 3 ─ SVG⁸3 ─

◓ꜝⱨ♩╩ ⇔√⁹╕∏⁸LITA -LAD ⌐ ⅎ≡ SVG≢ Dx ⅔╟┘ OM ⌐

╩ ∫√⸗♦ꜟ╩ñIndependentò model≤⇔√⁹ ⌐ LITA -LAD ⌐

ⅎ≡ SVG≢ Dx⌐ ⁸OM⌐ ╩ ∫√⸗♦ꜟ╩ñSequentialò model, 

⌐ LITA -LAD ─ LITA ⌐ ◓ꜝⱨ♩╩ ™≡ ≢ Y-composite◓ꜝⱨ♩╩

Dx ⌐ ⇔⁸↕╠⌐ SVG ╩ ™≡ OM ⌐ ╩ ∫√⸗♦ꜟ╩

ñCompositeò model≤⇔√ к ⁹ 

 

к Ί2 B)  

 к 2  Ᵽ▬Ɽ☻⸗♦ꜟ─  

Independent model: LITA -LAD, SVG-Dx, SVG-OM 

Sequential model: LITA-LAD, SVG-Dx-OM 

Composite model: LITA-LAD -Dx, SVG-OM 
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LMT ⅔╟┘ SVG ⌐│ ─ ╩ ⁸LITA ─ ⌐│ LITA

╩ ⁸ ─ ⌐│ ╩ ⇔√ к 3 ⁹ 

╟╡ ⌂ ╩ ℮√╘⁸LAD ⌐ ╩ ⇔⁸

⌐│ ╩ ⇔√ к 2 ⁹ 

 

к Ί2 C)  

Ᵽ▬Ɽ☻ ─ ⸗♦ꜟ⌐ ⇔≡⁸ ─ ╩ ⇔√⁹∕─ Ᵽ▬

 к 3  Ᵽ▬Ɽ☻⸗♦ꜟ─  

LITA ⌐│ ⁸SVG ⌐│ ╩⁸

⌐│ ╩ ⇔√⁹ 
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Ɽ☻⸗♦ꜟ╩ ≢ ⇔ ─ ⅔╟┘Ᵽ▬Ɽ☻◓ꜝⱨ♩ ╩

⇔⁸ ─ ⅔╟┘◓ꜝⱨ♩ ╩ ⇔√⁹ ⌐ ⸗♦ꜟ─ ╩ ⇔⁸

⅔╟┘◓ꜝⱨ♩≤ ─ ⌐ ⇔≡ ⇔√⁹ 

⌐ ⅜ ≢№╡⁸⅛≈ ╩ ≢⅝╢◓ꜝⱨ♩♦◙▬fi╩

⌐ ∆╢ ⅜ ─ ≢№╢⁹ 

 

к Ί3  

≢ ╩ ∫√√╘⁸ ⅔╟┘ ⌐ ↑≡ ⇔√⁹ 

⌐ ∆─│ ─ ≢№╢⁹
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LAD 

(ml/min) 

Dx 

(ml/min) 

OM 

(ml/min) 

LITA -LAD 

(ml/min) 

Normal coronary in 

maximum vasodilation 
205.0 187.2 101.8 none 

Disease 
    

LAD75% Dx 75% LCx75% 135.3 64.1 80 none 

LAD90% Dx 90% LCx90% 82.1 18.1 39.6 none 

LAD90% Dx 75% LCx90% 69.1 34.6 39.1 none 

After CABG  
    

LAD75% Dx-75% LCx75% 
    

Independent 240.5 235.0 168.5 55.3 

Sequential 239.2 218.0 153.7 63.0 

Composite 213.3 15.31 169.7 73.7 

LAD90% Dx-90% LCx90% 
    

Independent 208.4 235.8 167.5 111.7 

Sequential 213.1 211.3 147.9 121.5 

Composite 195.4 137.9 166.8 110.5 

LAD90% Dx-75% LCx90% 
    

Independent 215.6 233.3 167.1 96.1 

Sequential 219.0 210.9 148.0 110.1 

Composite 189.1 140.0 166.6 127.5 

 

Table 3-1 ⅔╟┘Ᵽ▬Ɽ☻ ─  
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Ᵽ▬Ɽ☻ ─ │ ─ ™ ≤ ⇔⁸ ⅜ ⌐⌂╣┌⌂╢╒≥

│ ⇔≡™∫√⁹Ᵽ▬Ɽ☻ ╩ ℮ ≢∆═≡─⸗♦ꜟ≢

│ ⇔√⅜⁸òIndependentò model≤òSequentialò model≤ ⇔òCompositeò model

≢│∆═≡─Ᵽ▬Ɽ☻⸗♦ꜟ≢ ─⸗♦ꜟ╟╡ LAD ⅜ ™ ╩ ⇔√⁹

⌐⁸LITA -LAD ─ LITA ◓ꜝⱨ♩ ⅔╟┘ LITAה ⅔╟┘ LAD ─

╩ ⌐ ⇔√ к 4 ⁹ 

 

 

 

LAD 

(ml/min) 

Dx 

(ml/min) 

OM 

(ml/min) 

LITA -LAD 

(ml/min) 

After CABG  
    

LAD75% Dx-75% LCx75% 
    

Independent 218 197.0 142.0 88.6 

Sequential 215.8 184.2 130.3 99.6 

Composite 208.0 143.8 142.6 92.4 

LAD90% Dx-90% LCx90% 
    

Independent 196.3 196.1 150.0 124.4 

Sequential 200.7 177.7 125.5 137.1 

Composite 185.5 131.6 140.9 122.3 

LAD90% Dx-75% LCx90% 
    

Independent 200.8 194.3 125.4 113.5 

Sequential 203.8 178.3 132.4 132.1 

Composite 181.7 133.8 140.7 134.3 

 

Table 3-2  ⅔╟┘Ᵽ▬Ɽ☻ ─   
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LITA │ ─ ⅜ ─ ≢ ≤⌂╡⁸∕─ LITA ─ ⅜

─ ≢ LITA │ ⇔√⁹ ─ ⅜ ─ ≢ ┘ │

∆╢⅜⁸ ⅜ ∆╢ ⅛╠ ⌐│ │ ⇔√⁹ 

90 ⸗♦ꜟ─ LITAהLAD ─ │∕╣∙╣òindependentò model≢

к 4   ⅔╟┘  

ᵑ ⅜ peak─ ≢ DxќLAD ─ Reverse flow│ ≤⌂╢⁹∕─ ⁸

LITA -LAD │ ≤⌂╢⁹ 

ᵒ ≤ ⅜ peak╩ ⅞≡ ⇔≡ↄ╢ ≢ DxќLAD ┼─

Reverse flow⅜ ╩≤╢⁹∕─ ⁸LITA -LAD │ ≤⌂╢⁹ 
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124.4ml/min, 196.3ml/min, ñsequentialò model≢ 137.1ml/min, 200.7 ml/min, ñcompositeò 

model≢ 122.3.7 ml/min, 185.5ml/min≢№╡⁸òcompositeò model≢│ LITAהLAD ⌐

≢№∫√⁹ 90%-75%-90 ⸗♦ꜟ≢│òindependentò model≢ 113.5 ml/min, 

200.8 ml/min, ñsequentialò model≢ 132.1 ml/min,203.8 ml/min, ñcompositeò model ≢

134.3 ml/min, 181.7 ml/min≤òsequentialò model⅜òindependentò model╟╡ LITAהLAD

⌐ ≤⌂╡⁸ñcompositeò model≢│ 90 -90%-90% ⸗♦ꜟ─ ╟╡ LITA

⅜ ⇔√⁹ 

 к 5)  Ᵽ▬Ɽ☻⸗♦ꜟ─ ה  

⅜ ─ │ LITA │ ╩≤∫√⁹ 

╕√⁸ ≡─ Ɽ♃כfi⌐⅔™≡ Composite model≢ DxќLAD ┼─ Reverse flow

│ ↄ ╘⌂⅛∫√⁹ 
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  Composite model≢│ ╩ ∂≡ Dx⅛╠ LAD ┼─ │ ╘⌂⅛∫√⁹ 

╕√ ⌐ LITA ⅔╟┘ LAD ─ ╩ ∆ к 6 ⁹ 

 

75%-75%-75% ⸗♦ꜟ≢│ LAD ─ ⅜ ⌐№╢√╘ LAD ─ │≥─⸗

 к 6)  Ᵽ▬Ɽ☻⸗♦ꜟ≢─ LITAהLAD─  

Dx ⅜ ─ │⁸ ─ ≤ ⇔ Independent model≢ LITA ⅜

⌐ ⇔√⁹ ⁸Dx ⅜ ⌐⌂╢≤ Composite model≢ LITA -LAD ⅜

⌐ ⇔√⁹ 



79 

 

♦ꜟ⌐⅔™≡╙ ≢№╢⅜⁸LITA ─ │ ╩≤∫√⁹ ⌐ 90%-90%-90%

⸗♦ꜟ≢│LAD ─ ⅜ ⌂™√╘Ᵽ▬Ɽ☻ ─LAD─ │ ≡╙⸗♦ꜟ≢

╩≤╢⅜ LITA ─ │ 75%-75%-75% ⸗♦ꜟ─ ≤ ⇔≡ ╩ ⇔

√⁹╕√↓─ ─ │òIndependentò model≢ LITA ◓ꜝⱨ♩ │ ╩

⇔√⅜ LAD ─ │òSequentialò model≢ ─ ╩ ⇔√⁹ ⌐ 90%-75%-90%

⸗♦ꜟ≢│ LITA ─◓ꜝⱨ♩ │òCompositeò model≢ ╩⁸òIndependentò 

model≢ ╩ ⇔√⅜⁸LAD ─ │òSequentialò model≢ ╩ ⇔√⁹ 

к Ί4  

⌐ ╢╕≢CABG⌐⅔↑╢◓ꜝⱨ♩♦◙▬fi⌐ ⇔≡ ⅜⌂↕╣≡⅝≡™╢⅜⁸

≥─╟℮⌂ Ɽ♃כfi⌐ ⇔≡≥─╟℮⌂◓ꜝⱨ♩♦◙▬fi⅜ ≢№╢⅛│

⌐│⌂∫≡™⌂™⁹ 

₁─ ≢⁸ ⌐ ⇔ ≡ ◓ꜝⱨ♩╩ ™≡ ∆╢↓≤⌐╟╡

╩ √≤─ ⅜№╡ ╕≢↕╕↨╕⌂◓ꜝⱨ♩♦◙▬fi⅜ ↕╣≡⅝√ T 

or Y grafts⁹Zacharias A╠│ ◓ꜝⱨ♩─╖⌐╟╢ CABG│ ITA ≤ SVG─ ╩

⇔√ CABG╟╡ 12 ⅜ ⅛∫√≤ ⇔≡™╢⇔ 44)⁸ ≢ 2002 ⌐

─Sakaguchi G╠│ ─ ◦fi♅◓ꜝⱨ▫כ─ ╟╡composite Ygraft╩ ™

√ CABG│ ⌐│ ⌐ ╩ ≡≡™╢⅜⁸ ⌐│ SVG╩ ™

√ ΅ Ᵽ▬Ɽ☻ ╩ ∫√ ≤ ⇔≡ ⅜ ≢№╢≤
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╩⇔≡™╢ 43)⁹↓─╟℮⌂ ─ │ ⌐ ≢№╢⅜⁸ ╩

⇔√ ╛ ⅜ ⇔√ ⌐ ⇔≡⁸ ⌐ ⌐ ╩∆╢

↓≤│ ≢№∫√⁹↓─╟℮⌂ ─ ─◓ꜝⱨ♩ ─

╛ ≢─ ╩ ╘√ ╩ ה ⌐ ╩∆╢√╘⌐

CFD│ ⌐ ⌂ ≢№∫√⁹ 

⌐⅔™≡⁸òCompositeò model≢│◓ꜝⱨ♩ ⅛╠─ Dx⅛╠ LAD ┼─

│ ↄ ╠╣⌂⅛∫√⅜⁸ ⌐⅔™≡ ─⸗♦ꜟ≤ ⇔ LAD ─

⅜ ⌂™ ⌐⌂∫√⁹↓─ │ ⇔√ Sakaguchi G╠─ ≤ ⇔

LAD ┼─ ⅜ ⌂™√╘ ⅜ ⌂™≤ ⅎ╠╣╢⁹╕√⁸Dx─ ⅜

≢№╢ ⌐│ LITA -LAD ─ ⅜ Dx⌐╟╡ ↄ ↕╣╢√╘ LAD

─ │ ≤⌂∫√⁹ 

≢ Dx⅛╠ LAD ┼─ │òIndependentò model⅔╟┘òSequentialò model─

≢ ╘╠╣√⁹òIndependentò model⌐⅔↑╢ │ ╟╡ ≢ ↄ⁸

⌐ Dx ⅜ ─ ⌐│ ≢№╡⁸ LITA ─ │ ⇔√⁹↓─

│⁸Dx⅛╠ LAD ┼─ ⅜ LITA ◓ꜝⱨ♩─ ⌐ ⇔ ⌐⌂∫≡™╢

╩ ⇔≡⅔╡ Kawamura M ╠⅜ ⇔√ ≤ ∆╢ 45)⁹òSequentialò model≢

╙ ⌐ ╩ ∂≡ Dx⅛╠ LAD ┼─ ╩ ╘╢⅜⁸ ─ LITA ─◓

ꜝⱨ♩ │ ─ ≈─⸗♦ꜟ╟╡ ≢№∫√⁹ ≢╖╢≤⁸òIndependentò 
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model─ ⅜òSequentialòmodel╟╡ ⅝⌂ ╩≤∫≡™√⁹↓─ ╟╡òSequentialò 

model ≢│ Dx⅛╠ LAD ┼─ │ LAD ⌐ ∆╢ ≤⌂∫≡™

╢ ⅜ ↕╣⁸╕√ sequential ↕╣≡™╢ SVG◓ꜝⱨ♩ ≢─ ─

⅜⁸LAD ⌐ ⇔≡ LITA ◓ꜝⱨ♩ ⌐ ⇔≡ ∆╢╟℮⌂ ─ ╩

∂╢ ╩ ⇔ ⌂ LITA ╩ ⇔≡™╢╙─≤ ⅎ╠╣√⁹ 

─ ─ ≢№╢⅜⁸ ≤ ⌐ ⅜ ≢№╡ ─ ⅝⅔╟┘

⅜ ↕╣≡™⌂™↓≤≢№╢⁹╕√ CABG─ ⌐⅔™≡ ⌐ ⌂

Ᵽ▬▪ⱦꜞ♥▫╩ ⇔≡™⌂™√╘⁸↓─ ╩ ⌐ ∆╢ ⌐│ Ᵽ▬

▪ⱦꜞ♥▫⌐ ∆╢ ⅜№╢⁹↕╠⌐ ◓ꜝⱨ♩≤ ◓ꜝⱨ♩─◖fiⱪꜝ▬▪

fi☻─ ™⌂≥╩ ╘√ ─ ™╩ ⌐ ∆╢↓≤⅜≢⅝⌂™ ≢№╢⁹╕√

─ ⌐⅔↑╢ │ ─ ─ ╩ ⇔√╙─╩ ⇔

≡⅔╡⁸ ⌐⅔↑╢ ─ peak⅜ ≤ ╟╡╛╛ ╣≡

™╢ ≢№∫√⁹∕─√╘⁸ ה ⌐⅔↑╢ ╩ ⌐ ⇔√

⌐⁸ ─ │ ╟╡╙ ⅝™ ╩≤╢↓≤⌐⌂∫√⁹↓╣│ ⌐⅔↑

╢ ─ ⅝ ╖⌐╟╡ ⅜ ↄ⌂╡⁸↓─╟℮⌂ ⌐⌂∫√≤ ╦╣

╢⁹ 

─ │ Ᵽ▬▪ⱦꜞ♥▫╩ ◦fi♅◓ꜝⱨ▫כ╟╡ ⌐

≤⇔⁸ Ᵽ▬Ɽ☻╩∆╢ ⌐ Ᵽ▬▪ⱦꜞ♥▫╩ ⇔√ ─
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╩ ≤⇔≡ CFD⌐ ⇔⌂⅜╠⁸ ≢ ≈ ─ Ᵽ▬Ɽ☻◦Ⱶꜙ

╩fiꜛ◦כ꜠ ∫≡™ↄ ≢№╢⁹∕─√╘⌐│⁸╟╡ ↄ─ ⅛╠ ⇔√

╩ ⇔⁸ ╛ ─ ⌐╟╢ ─ ╩ ↕∑╢↓≤⅜

≢№╢⁹ 

 

к ˈ5  

Composite │ Dx─ ⅜ ™ │ LITA ─◓ꜝⱨ♩ ─ ⌐≈⌂⅜╡⁸

Independent │ Dx ⅜ ™ │ Dx⅛╠ LAD ┼─ ⅜ ⅎ≡◓ꜝⱨ

♩ ⅜ ⇔ LITA ─ ─ ╩ ™√⁹ ⌐╟╡ Dx⅛╠ LAD ┼─

│ ⌐│ LAD ┼─ ≤⌂╡⁸ ⌐│ LITA ◓ꜝⱨ♩

─ ≤⌂╢ ⅜ ↕╣√⁹Sequential │ Dx⌐≈⌂⅜╣√ sequential 

SVG◓ꜝⱨ♩ ≢─ ─ ⅜ LITA ┼─ ╩ ↕∑ LITA ─ ⌐

⇔≡™╢ ╙ ↕╣√⁹ 
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л  Ᵽ▬Ɽ☻ ⌐⅔↑╢ top-end─ ≤ 

─ ⌐ ∆╢  

л ˈ1  

LITA ◓ꜝⱨ♩≤ ⇔ SVG◓ꜝⱨ♩│ ─ ╩℮↑╛∆ↄ⁸ ⅜ ⇔╛

∆™≤™╦╣⁸ 5 ⅛╠10 ─ │╦∏⅛50 ⌐ ⅞⌂™≤─ ╙№╢ 37)⁹

⇔⅛⇔ ╛ LCx ⌐ ∆╢ SVG╩ ◓ꜝⱨ♩≤⇔≡ ∆╢↓≤│ ⌂

╩ ⇔≡™╢≤─ ╙№╡ ≢╙ ↕╣≡™╢ 40)⁹↕╠⌐ ≢│ ITA

≤ Individual⌐ ⇔√ SVG⁸ Sequential⌐ ⇔√ SVG─ 5 ╩ ⇔√≤

↓╤⁸∕╣∙╣ 12.9%⁸32.3 ⁸18%≤ Individual ╩⇔√ SVG─ ⅜ Sequential

⇔√ SVG╟╡ ⇔╛∆™≤ ↕╣⁸Ᵽ▬Ɽ☻ ─ ─ ™⌐╟╡

⌐ ™⅜ ∂╢↓≤⅜ ↕╣ ╘√ 41,42)⁹ ↄ─ ≢ ⌐ ∆╢ SVG◓ꜝⱨ

♩╩ ⇔√Ᵽ▬Ɽ☻│ ≢╙ ╦╣≡™╢⅜⁸ ⌐ ╢╕≢ SVG─

≤ ─ ≢№╢ Top-end─ ⌐ ∆╢ │ √╠⌂™⁹ 

 ◓ꜝⱨ♩─ ⌐ ⇔⁸ ⌐ ∆╢ ╙ ⌂ │ ≢№╢⅜⁸

⌐⅔↑╢◓ꜝⱨ♩ │ ╛ ╩ ℮ ⌂ remodeling∞≤

⅜№╢ 38)⁹↓─ ⌐ ⇔≡ ⌂ │ ⇔≡ ™╢WSS╛ OSI≢№

╢⁹ ⁸CFD╩ ™≡ Ᵽ▬Ɽ☻⌐⅔↑╢ Top-end ─ ™⌐╟╡

─ ╛ ⌐ ∆╢ ☻♩꜠☻╩ ⌐ ⇔√⁹ 
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л ˈ2  

л ˈ2 A) ⸗♦ꜟ  

⸗♦ꜟ⌐ ⇔≡ OM⅔╟┘ PL⌐ 75 ╩ ⇔√⁹ ⌐ CT

≤↓─⸗♦ꜟ╩ ⌡ ╦∑ ─ ⅔╟┘ ─ ╩ ⌡ ╦∑⁸

⅔╟┘ ─ ╩ ⇔⌂⅜╠ ─Ᵽ▬Ɽ☻⸗♦ꜟ╩ ⇔√

л 2 ⁹ 

л 1) ≢─◓ꜝⱨ♩  42) ╟╡  

⌐ ∆╢Ᵽ▬Ɽ☻│ ≢ 70% ≢№╢⁹ 

⇔⅛⇔⁸top- end─ ≤ ╩ ⇔√ │⌂™⁹ 
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⸗♦ꜟ│ ─ ─⸗♦ꜟ≢№╢ л 3 ⁹ 

 л 2)  ⸗♦ꜟ─  

⸗♦ꜟ╩ ≤ ⌡ ╦∑≡ ⌐ Sequential ∆╢ SVG─

Top-end─ ⅔╟┘ SVG─ ╕≢─ ╩╟╡ ⌐ ∫√⁹ 
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 л 3)  ⸗♦ꜟ─  

ΓApexΔmodel: top-end│ ≤ ⌐⌂╢╟℮⌐⁸ ⌐ ↑≡ ⁹ 

ΓStraightΔmodel: ⅛╠ ⌐ top-end⅜ ╢╟℮⌐ ⁹ 
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л Ί2 B)  

⌐│ ╩ ⇔√⁹╕√ ⌐│ ≢№╢

╩⁸ ─ ⌐│ ╩ ⇔√ л 4 ⁹ 

 

л Ί2 C)  

 л 4)  ─  

╩  

⌐│ ⁸ ⌐│ ╩  
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≤ ╩ ∫√⁹ │ ─≤⅔╡≢№╢⁹ 

л Ί3  

─⸗♦ꜟ─◓ꜝⱨ♩ │ ─╟℮⌐⌂∫√ л 5 ⁹ 

 

 

≢ Straight model ─ ⅜ ≤⌂╢↓≤⅜ ⅛∫√⁹ 

⌐ ╩ ⌐ ∆ л 6 ⁹ 

 л 5)  ◓ꜝⱨ♩  

ΓStraightΔ model│ΔApexΔ model╟╡ 5% ⅜ ⅛∫√⁹ 
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ñApexò model≢│⁸ ⌐ ╣─ ⅜ ∂∕─ ⌐│ ╣─ ⅜ ⇔

≡™ↄ ⅜ ╠╣√⁹ ⁸òStraightò model≢│ ╣─ │ ╠╣∏ ⇔≡ ∂

≢№∫√⁹ 

⌐WSS⅔╟┘ OSI╩ ⇔√⁹òApexò model≢│ ╣─ ⅜ ∂≡™√ ─

WSS⅜ ⌐ ↄ⁸∕─ ─ OSI│ ╩ ╘√⁹ ≢òStraightò model≢│WSS

│ ╩ ∂≡ ⌐ ⌐⌂╢↓≤│⌂ↄ⁸OSI╙òApexò model≤ ⇔≡ ™

≤⌂∫√ л 7 ⁹ 

 л 6)  ─  

ñApexò model≢│ ⌐ Top-end─ ≢ ╣─ ╩ ╘√⁹⇔⅛⇔òStraightò 

model≢│ ╩ ⇔≡╣⅜ ≢№╡ ╣─ ╩ ╘⌂⅛∫√⁹ 


