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𝝁𝑷𝑬
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𝒑 = 𝐑𝒇

𝒊

𝒋𝟏

𝒋𝟐 𝐑𝒊,𝒋𝟏 = ℘ 𝒋𝟏 → 𝒊 = 𝝀 𝒆−  𝝁 𝒅𝒙

𝐑𝒊,𝒋𝟐 = ℘ 𝒋𝟐 → 𝒊 = 𝝀 𝒆−  𝝁 𝒅𝒙

≠
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𝒑 = 𝐑𝒇

𝒋𝟏
𝒋𝟐

𝒊

𝒊

𝐀

𝐀

𝐁 𝐁

𝐑𝒊,𝒋𝟏 = ℘ 𝒋𝟏 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙

𝐑𝒊,𝒋𝟐 = ℘ 𝒋𝟐 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙



■

■

𝒑 = 𝐑𝒇

𝒋𝟏
𝒋𝟐

𝒊

𝒊

𝐀

𝐀

𝐁 𝐁

= 𝝀 𝒆−  𝐀+𝐁 𝝁 𝒅𝒙 = 𝝀 𝜸𝒊

𝐑𝒊,𝒋𝟏 = ℘ 𝒋𝟏 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙

𝐑𝒊,𝒋𝟐 = ℘ 𝒋𝟐 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙
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𝒑 = 𝐑𝒇

𝒋𝟏
𝒋𝟐

𝒊

𝒊

𝐀

𝐀

𝐁 𝐁

= 𝝀 𝒆−  𝐀+𝐁 𝝁 𝒅𝒙 = 𝝀 𝜸𝒊

 𝒑𝒊 = 𝒑𝒊 / 𝜸𝒊

 𝒑 = 𝐑𝒇

𝐑𝒊,𝒋𝟏 = ℘ 𝒋𝟏 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙

𝐑𝒊,𝒋𝟐 = ℘ 𝒋𝟐 → 𝒊 = 𝝀 𝒆−  𝐀 𝝁 𝒅𝒙𝒆−  𝐁 𝝁 𝒅𝒙
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𝒊𝒎 − 𝒓𝒆𝒇



𝒗𝒌

𝑣1

𝒖

𝑣2

𝐌 =

𝑣1
1 𝑣2

1

𝑣1
2 𝑣2

2

𝑣1
3 𝑣2

3

𝑣1
4 𝑣2

4

∶

𝒗𝟏

𝒗𝟐

𝑚1

𝒎



𝒖
𝒗𝟏

𝒗𝟐

𝑚1

𝒎

𝒎 = 𝐌𝒖

𝑉𝑎𝑟 𝒎 =
1

N
𝒎𝐓𝒎 =

1

N
𝒖𝐓𝐌𝐓𝐌𝒖 = 𝒖𝐓𝐂𝒖

𝒗𝒌



𝒖
𝒗𝟏

𝒗𝟐

𝑚1

𝒎

𝒎 = 𝐌𝒖

𝑉𝑎𝑟 𝒎 =
1

N
𝒎𝐓𝒎 =

1

N
𝒖𝐓𝐌𝐓𝐌𝒖 = 𝒖𝐓𝐂𝒖

𝒗𝒌

𝒖 = 𝛼𝑛𝒄𝑛

𝑉𝑎𝑟 𝒎 = 𝛼𝑛
2 𝒄𝑛

𝐓𝐂 𝒄𝑛

= 𝛼𝑛
2 𝜆𝑛 𝒄𝑛

𝐓𝒄𝑛 = 𝛼𝑛
2 𝜆𝑛



𝒖
𝒗𝟏

𝒗𝟐

𝑚1

𝒎

𝒎 = 𝐌𝒖

𝑉𝑎𝑟 𝒎 =
1

N
𝒎𝐓𝒎 =

1

N
𝒖𝐓𝐌𝐓𝐌𝒖 = 𝒖𝐓𝐂𝒖

𝒗𝒌

𝒖 = 𝛼𝑛𝒄𝑛

𝑉𝑎𝑟 𝒎 = 𝛼𝑛
2 𝒄𝑛

𝐓𝐂 𝒄𝑛

= 𝛼𝑛
2 𝜆𝑛 𝒄𝑛

𝐓𝒄𝑛 = 𝛼𝑛
2 𝜆𝑛

𝑚𝑎𝑥 𝑉𝑎𝑟 𝒎 = 𝜆1 ∶ 𝒖 = 𝒄1
𝒖 𝐂



𝒖𝟏 𝒗𝟏

𝒗𝟐

𝑚1

𝒎

𝒎 = 𝐌𝒖

𝑉𝑎𝑟 𝒎 =
1

N
𝒎𝐓𝒎 =

1

N
𝒖𝐓𝐌𝐓𝐌𝒖 = 𝒖𝐓𝐂𝒖

𝒗𝒌

𝒖 = 𝛼𝑛𝒄𝑛

𝑉𝑎𝑟 𝒎 = 𝛼𝑛
2 𝒄𝑛

𝐓𝐂 𝒄𝑛

= 𝛼𝑛
2 𝜆𝑛 𝒄𝑛

𝐓𝒄𝑛 = 𝛼𝑛
2 𝜆𝑛

𝑚𝑎𝑥 𝑉𝑎𝑟 𝒎 = 𝜆1 + 𝜆2 + …
𝒖1 = 𝒄1 ; 𝒖2 = 𝒄2 ; …

𝒖𝑛 𝐂

𝒗𝟑

𝒖𝟐



















MYOC

VASC





MYOC

VASC







MYOC

VASC

MYOC

VASC







MYOC

VASC

MYOC

VASC



3 s



3 s



3 s



3 s



3 s



3 s



3 s



3 s



15 s



15 s



15 s



15 s



15 s



15 s



15 s



15 s



𝒕

30 s



𝒕

120 s



𝐌 =
∎ ∎ ∎
∎ ∎ ∎
∎ ∎ ∎

𝒕

𝒕

𝒗𝒐𝒙𝒆𝒍𝒔
"sujets"



𝐌 =
∎ ∎ ∎
∎ ∎ ∎
∎ ∎ ∎

𝒕

𝒕

𝒗𝒐𝒙𝒏 = 𝜶𝟏𝒖𝟏 + 𝜶𝟐𝒖𝟐

𝒗𝒐𝒙𝒆𝒍𝒔
"sujets"



𝐌 =
∎ ∎ ∎
∎ ∎ ∎
∎ ∎ ∎

𝒕

𝒕

𝒗𝒐𝒙𝒏 = 𝜶𝟏

+ 𝜶𝟐

𝒖𝟏

𝒖𝟐

𝒗𝒐𝒙𝒆𝒍𝒔
"sujets"



𝐌 =
∎ ∎ ∎
∎ ∎ ∎
∎ ∎ ∎

𝒕

𝒕

𝒗𝒐𝒙𝒏

+ 𝜶𝟐

𝒖𝟏

𝒖𝟐

𝜶𝟏>𝜶𝟐

𝜶𝟐>𝜶𝟏

𝒗𝒐𝒙𝒆𝒍𝒔
"sujets"

= 𝜶𝟏
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1A 1𝑨𝟏

𝝋𝟏



)t.(

10

1N

0k

)t.(k..
1N

0k

)t.(k. 10  e.e.e(k).eŝ
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𝑨𝟏

𝝋𝟏



𝑡

𝑟(𝑡)



𝑡

𝑟(𝑡)

(𝑡𝑛, 𝑐𝑛)



𝑡

𝑟(𝑡)

𝒓(. ) → 𝜼 𝒓(. )
(𝑡𝑛, 𝑐𝑛)



𝑡

𝑟(𝑡)

𝒓(. ) → 𝜼 𝒓(. )

𝒕 → 𝝉 𝒕

(𝑡𝑛, 𝑐𝑛)



𝑡

𝑟(𝑡)

𝒓(. ) → 𝜼 𝒓(. )

𝒕 → 𝝉 𝒕

(𝑡𝑛, 𝑐𝑛)

𝒄𝒏 = 𝜼 𝒓(𝝉 𝒕𝒏 )



𝑡

𝑟(𝑡)

𝜼 ∙ = 𝑷𝟐(∙)

(𝑡𝑛, 𝑐𝑛)

𝒄𝒏 = 𝜼 𝒓(𝝉 𝒕𝒏 )

𝑡

𝑡

𝑡

𝜂 𝑟(𝑡)

𝜂 𝑟(𝑡)

𝜂 𝑟(𝑡)



𝑡

𝑟(𝑡)

𝝉 𝑡 = 𝑡 + 

𝑖

𝛼𝑖 1 + 𝑐𝑜𝑠 2𝜋𝜔𝑖 𝑡 − 𝜇𝑖

(𝑡𝑛, 𝑐𝑛)

𝒄𝒏 = 𝜼 𝒓(𝝉 𝒕𝒏 )

𝜼 ∙ = 𝑷𝟐(∙)

𝑡

𝑡

𝑡

𝜏 𝑡

𝜏 𝑡

𝜏 𝑡

𝑡

𝑡

𝑡

𝑟(𝜏 𝑡 )

𝑟(𝜏 𝑡 )

𝑟(𝜏 𝑡 )

minmax



𝑡

𝑟(𝑡)

𝜼 ∙ = 𝑷𝟐(∙)

(𝑡𝑛, 𝑐𝑛)

𝒄𝒏 = 𝜼 𝒓(𝝉 𝒕𝒏 )

𝑡

𝑡

𝑡

𝜂 𝑟(𝑡)

𝝉 𝑡 = 𝑡 + 

𝑖

𝛼𝑖 1 + 𝑐𝑜𝑠 2𝜋𝜔𝑖 𝑡 − 𝜇𝑖
𝑟(𝜏 𝑡 )

𝜼 𝒓(𝝉 𝒕 )



𝜼 ∙ = 𝑷𝟐(∙)

𝒄𝒏 = 𝜼 𝒓(𝝉 𝒕𝒏 )

𝑡

𝑡

𝑡

𝜂 𝑟(𝑡)

𝝉 𝑡 = 𝑡 + 

𝑖

𝛼𝑖 1 + 𝑐𝑜𝑠 2𝜋𝜔𝑖 𝑡 − 𝜇𝑖
𝑟(𝜏 𝑡 )

𝜼 𝒓(𝝉 𝒕 )





𝒙

𝒚

𝒛

𝒕



Septum

Valves

Septum

Valves



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇

𝐑𝟏

𝐑𝟏



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇

𝐑𝟏

𝐑𝟏



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇

𝐑𝟏

𝐑𝟏

𝐑𝟐

𝐑𝟐



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇

𝐑𝟏

𝐑𝟏

𝐑𝟐𝐑𝟑

𝐑𝟐

𝐑𝟑



𝒙

𝒚

𝒛𝒕
𝒙

𝒇(𝒙)𝒇

𝐑𝟏

𝐑𝟏

𝐑𝟐𝐑𝟑

𝐑𝟐

𝐑𝟑



𝒙

𝒚

𝒛𝒕

𝒇 𝐑𝟏

𝐑𝟐

𝐑𝟑

𝚷 = 𝐑𝟏 , 𝐑𝟐 , … , 𝐑𝐊

 
𝒈𝑘,𝑥 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑥(𝐑𝒌)

𝒈𝑘,𝑦 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑦(𝐑𝒌)



𝒙

𝒚

𝒛𝒕

𝒇 𝐑𝟏

𝐑𝟐

𝐑𝟑

𝚷 = 𝐑𝟏 , 𝐑𝟐 , … , 𝐑𝐊

Septum

Valves

 
𝒈𝑘,𝑥 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑥(𝐑𝒌)

𝒈𝑘,𝑦 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑦(𝐑𝒌)

𝒙

𝒚

𝒙𝑠𝑒𝑝𝑡

𝒚𝑣𝑎𝑙

𝒈𝑘,𝑦 < 𝒚𝑣𝑎𝑙

𝐑𝒌 ⊂ 𝐀𝐓𝐑𝐈𝐀



𝒙

𝒚

𝒛𝒕

𝒇 𝐑𝟏

𝐑𝟐

𝐑𝟑

𝚷 = 𝐑𝟏 , 𝐑𝟐 , … , 𝐑𝐊

Septum

Valves

 
𝒈𝑘,𝑥 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑥(𝐑𝒌)

𝒈𝑘,𝑦 = 𝑏𝑎𝑟𝑦𝑐𝑒𝑛𝑡𝑟𝑒𝑦(𝐑𝒌)

𝒙

𝒚

𝒙𝑠𝑒𝑝𝑡

𝒚𝑣𝑎𝑙

𝒈𝑘,𝑦 ≥ 𝒚𝑣𝑎𝑙𝒈𝑘,𝑦 < 𝒚𝑣𝑎𝑙

𝒈𝑘,𝑦 < 𝒙𝑠𝑒𝑝𝑡

𝐑𝒌 ⊂ 𝐕𝐃

𝒈𝑘,𝑦 ≥ 𝒙𝑠𝑒𝑝𝑡

𝐑𝒌 ⊂ 𝐕𝐆

𝐑𝒌 ⊂ 𝐀𝐓𝐑𝐈𝐀





A = activité max
v = volume du voxel en cc

activité

A
Vol VG =       v ×

Vol VD =       v ×
activité

A





𝒕

𝒕

𝒇𝐕𝐆(𝒕)

𝒇𝛅𝐒(𝒕)

𝐕𝐆

𝛅𝐒



𝒕

𝒕

𝒇𝐕𝐆(𝒕)

𝒇𝛅𝐒(𝒕)

𝐕𝐆

𝛅𝐒

𝛅𝐒 𝛉𝐢 , 𝛗𝐣



𝒕

𝒕

𝒇𝐕𝐆(𝒕)

𝒇𝛅𝐕(𝒕)

𝐕𝐆

𝛅𝐒

𝛅𝐒 𝛉𝐢 , 𝛗𝐣

𝛅𝐕 𝛉𝐢 , 𝛗𝐣



𝒕



𝒕



𝒕

apex

valve



𝒕

CYL

SPH

𝐳𝐢 , 𝛉𝐣

𝛉𝐢 , 𝛗𝐣



FE (%)

TFS (ms)

𝛅𝐕 𝐳𝐢 , 𝛉𝐢

𝛅𝐕 𝛉𝐢 , 𝛗𝐣



Fraction d’éjection systolique (%) Vent. droit Vent. gauche



Temps de fin de systole (ms) Vent. droit Vent. gauche


