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ᴨ֯ MRI Мᾼῶ  

Åצ ᵑ‐ (‒ ) 

Åצ ᵑ  (‒ ) 

 

Åế МЛ֝ -- artifacts ? 
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‐ᴨ (bright) ᴨ (black blood) 

⇔ МᾼӪᴥᴨ ᴞ Мᾼ ᴥᴨ 
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ᴨ☼  

ÅFlow-related enhancement 

ï ⇔ Мᴨ ᵑ‐ 

ÅFlow void (spin-echo) 

Å ᴯ  
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Flow-Related Enhancement 

Neck    Abdomen 
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MRI Мᴨ ᵑ‐ᾼ ᾓ 

ÅяẔ֯ T1 М ᵑὙ  

ÅThrough-plane flow 

Åֵ й Мḕ й Л֝ 
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 Through-plane  in-plane ᴨ☼ 

ṓ‐‒    Л ᵑ‐ 

й  

ᴨ  
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 Multi-slice Мᾼᴨ ‐⇔ 

ϱ ᾼй    ᴨ ‐ 
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֫  :  MRI ᾼ כ  

Å о  

Å  

ÅῈ    ч  װֵ

Å‒ ậן  

Å  
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MRI Мᴨ ᵑ‐ᾼ ᾓ 

Å֯  T1 М ᵑὙ  

ÅThrough-plane flow 

Åֵ й Мḕ й Л֝ 
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 MRI ᶧ  
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Ϣ ἤ֯ MRI ᶧԝМᾼ о 
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 TR ᾼ ế  

TR 

‒
⇔

 

 T1  

  T1  

T1WI :  TR ~ 600 
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T1 ѩᾼ  

Å  TR --> ḥ ᵂ T1 ֫  --> 

‒ ᵅ --> ế  

ÅɶSaturationò effect 

ÅTR ~ 200 msec: ἨֵἨю  צ
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☼ ᾼᴨ ᾼ ế  

 

t RF 

й  
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☼ ᾼᴨ ᾼ ế  

‒ן    ѿц   T1 ֫  

t RF 
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☼ ᾼᴨ ᾼ ế  

T1 ֫  

t RF 
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☼ ᾼᴨ ᾼ ế  

ԛװ  

t RF 
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☼ ᾼᴨ ᾼ ế  

ᾃ  :  ᴥ вᾼᴨ ṳӑ ϱװ  ! 

t RF 
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Ϣ ἤ֯ MRI ᶧԝМᾼ о 
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☼ ᾼᴨ ᾼ ế  

Å Ѧ ἨֵἨюắẞ ế  

Åᴨ ֪Ɫ☼ Ȳ ế ю 

Åю ế = ‐‒  

ÅFlow-related enhancement (FRE) 
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ᾼ‐ᴨ☼ 

T1 Мᾼ flow-related enhancement 

1.5 Tesla 

GE Signa 

Gradient-echo 

 

Aorta & IVC ֯ 

T1 М ᵑ‐ 
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☼ ᾼ  T1 כᴿ  

ÅẔ ╥╓  TR ‒  

 

ÅSuryan G., 1951 ᵛБ ҏ 

Å1946: NMR, 1973: MR imaging 
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 FRE ⇔ᾼ֪  

ÅTR ᾼ   

Å☼ й ⁴⇔ᾼѩẂ 

ÅFlip angle 

Åᴨ☼ ⇔֯ᴨ Мᾼиᵉ 
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ᴨ☼ й ⁴⇔  FRE ᾼ  

☼  

 

ᶶ 
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 FRE ⇔ᾼ֪  

ÅTR ᾼ   

Å☼ й ⁴⇔ᾼѩẂ 

ÅFlip angle 

Åᴨ☼ ⇔֯ᴨ Мᾼиᵉ 
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Flip Angle  FRE П  

ÅЄ ϱȲ Є Ὑ  (T1) 

ÅT ϱᾼ ᾓ ֵ 

Å∟ ԛ  
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᷉Ṕ ạ PD Ἠ T1 ѩ 

T1 weighting      PD weighting 

z' 

y' 

x' 

Bo Bo 
z' 

y' 

x' 

Є ᷉Ṕ: 
Ӧ 0 ֫  

Њ ᷉Ṕ: 
֫ ᾼ ю 
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 FRE ⇔ᾼ֪  

ÅTR ᾼ   

Å☼ й ⁴⇔ᾼѩẂ 

ÅFlip angle 

Åᴨ☼ ⇔֯ᴨ Мᾼиᵉ 
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ᴨ ֯ᴨ М☼ ṳЛϚ  !  

֝Ϛᴨ МҠכẞЛ֝ ⇔ᾼ FRE 

laminar 

flow 
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MRI Мᴨ ᵑ‐ᾼ ᾓ 

ÅяẔ֯ T1 М ᵑὙ  

ÅThrough-plane flow 

Åֵ й Мḕ й Л֝ ? 
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☼ ᴨ ֵ֯й Мᾼ  

Ϛѱй  

t RF 

й  

ᴨ  

TR 
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☼ ᴨ ֵ֯й Мᾼ  

ϡѱй  

t RF 

й  

ᴨ  

TR 
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☼ ᴨ ֵ֯й Мᾼ  

Ϯѱй  

t RF 

й  

ᴨ  
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☼ ᴨ ֵ֯й Мᾼ  

ԛװ Ϛѱй  

t RF 

FRE Ὑ  

ᴨ  

TR 
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☼ ᴨ ֵ֯й Мᾼ  

ᾃ ֪Ɫ Ϛѱй ᾼ   Ԍᴨ Б ế 

t RF 

й  

ᴨ  

TR 

FRE ЛὙ  
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☼ ᴨ ֵ֯й Мᾼ  

ᾃ ֪Ɫ›Ẓѱй ᾼ   ֵ ᴨ Б ế 

t RF 

й  

ᴨ  

TR 

FRE ЛὙ  
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 Multi-slice Мᾼᴨ ‐⇔ 

ϱ ᾼй    ᴨ ‐ 
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ֵ ᾼ FRE  

Å Ὼϱ ȲFRE Ὑ  

ÅяẔѿ Ϛ Ὑ  

ï Entry slice phenomena 

ÅҬ֯ sequential М╥ֽױ 
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Entry-Slice FRE  

Ϛ      в  
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FRE ֵй ᾼ ᶧ 

ÅSequential  interleave Л֝ 

ÅInterleave МП FRE  Entry slice 

ὑ ȲЛС  

ÅT ╥ ПЛҵ╥  artifact ! 
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Sequential  Interleave Ѡה 

Ẓ῏ᾼ FRE ЛЄ֝ד 

й  
Sequential:  4   3   2   1 

Interleave:  4   2   3   1 



44 of 189 

FRE צẔ҃ Artifact 

Åᴨ☼ ~ Ȳ  -->  

Å֪ Ɫ FRE ṿ ᴨ☼‒ Ȳ

ᵑὙ  

Åֽ ᴶ  FRE  ? 
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FRE ֥Ẇ  

ѻ ᴨ☼ ᾼ‐ᴨ☼цכ  

֪Ɫ enhancement 

ы ᴖṿ  motion 

ghosts ϫиὙ  ! 
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FRE Artifacts ᾼ   

ÅṶԒ ϱ ᴨ ‒ ᵅ 

ï Inflow saturation 

Å֝ ֪ᴨ☼ Ӣᾼ  

―ᴞ ҟ  
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Inflow Saturation ᾼ  

Å֯ й  ɶϱ ɷ Ԓ  

Å вԛӴẘ Ἤ й  

Åᴨ ֯☼Ϥй ›ᵛБ ế 

Åḥצ‒  --> ᴨ ᵧ ᴥ 
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 Inflow Saturation  
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ֵѠ֣ Inflow Saturation 

ᵂ Ҡ     Protocol МӼҠԒ ᶔ 

SAT bands 

Image volume 

Ϯ Ѡ֣ 

ḕ Ѡ֣›∟֢Ϛ  

 

Ԛ 6  SAT  
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Superior Inflow Saturation 

No Sat    With Sat 
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Inferior Inflow Saturation  

No Sat    With Sat 
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Sup/Inf SAT ›∟Пѩ  

Aorta ц IVC  SAT П∟ Ϡ 
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 :  ᴨᾼ ЛѦὑױ 

Åʌ ӭ› Ҭ Ϡ☼ ᾼ  

Åᶙԓḥצᴕ ᴨ  ! Ԍכ

Å ᴨ ?  ᴨ  ?  ᴨ  ? 

 ?  ᴨ  ?  Лԛ  
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Ẕ Ҡ ᵓӣ 

Å Ϛṷ : ᴨ ‒ ы‐ϠȲ‐ẞ

Ẕ҃ Ѧ Ѿ ḥ‒  ... 

ÅṪ Ҭᵶᴨ Ԍ ? 

ÅTime Of Flight MR ᴨ  ! 
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Ẕ ϷҠ ᵓӣ 

Ἤ Ҭᵶצᴨ  ! 

 

Ғ  enhancement 

Ḁạ ᾼ‒  
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 Time-of-Flight MR Angiogram 

ᵓӣ‐ᴨ☼ ᴨ  


