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§ 	  Suscep%bility	  inversion	  is	  made	  difficult	  by	  the	  zeros	  in	  the	  
suscep%bility	  kernel	  D	  	  
§ 	  These	  zeros	  lie	  on	  a	  conical	  surface:	  

	  Mul%-‐orienta%on	  suscep%bility	  mapping	  
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§ 	  Undersampling	  is	  substan%ally	  mi%gated	  
	  Calcula%on	  of	  Suscep%bility	  Through	  Mul%ple	  
	  Orienta%on	  Sampling	  (COSMOS)	  [1,2]	  

Combine	  mul%ple	  orienta%ons	  for	  QSM	  inversion	  	  	  

[1] T Liu, MRM’09 
[2] T Liu, MRM’11 



§ 	  COSMOS	  yields	  exquisite	  suscep%bility	  maps	  

§ 	  This	  comes	  at	  the	  expense	  of	  substan,ally	  increased	  scan	  ,me	  

COSMOS	  vs.	  Single-‐Orienta%on	  

Regularized	  QSM	  from	  1-‐orienta,on	  
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v 3D	  Echo	  Planar	  Imaging	  (EPI)	  [1,2]	  
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v 3D	  Echo	  Planar	  Imaging	  (EPI)	  [1,2]	  

v 3D	  GRE	  with	  Wave-‐CAIPI	  [3]	  
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Wave-‐CAIPI	  trajectory	  

R=2	  accelera,on	  in	  Ky	  
Aliasing	  voxels	  are	  spread	  out	  to	  increase	  
the	  varia%on	  in	  coil	  sensi%vity	  profiles:	  

Improved	  G-‐Factor	  
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aliasing	  voxels	  are	  further	  apart	  two	  voxels	  collapse	  
Normal	  GRE	   Wave-‐CAIPI	  



COSMOS	  Suscep%bility	  

max	  intensity	  projec%on	  over	  3mm	  

Avg	  Tissue	  Phase	  

3D-‐EPI	  QSM	  from	  3	  orienta%ons	  
1	  mm	  iso,	  Tacq=3.3min	  

Rinplane=3	  @	  3	  Tesla	  
FOV=230×230×176	  
TR/TE	  =	  69/30	  ms	  
4	  avg	  /	  orienta%on	  



Avg	  Tissue	  Phase	   COSMOS	  QSM	  

max	  intensity	  projec%on	  over	  3mm	  

Wave-‐CAIPI	  QSM	  from	  3	  orienta%ons	  
1	  mm	  iso,	  Tacq=10.3min	  

R=3×3	  accl	  
Gmax	  =	  1.03	  
Gavg	  =	  1.01	  

R=3×3	  @	  3	  Tesla	  
FOV=240×240×192	  
TR/TE	  =	  40/30	  ms	  



Wave-‐CAIPI	  R=5×3	  accl	  
1.1mm	  iso,	  Tacq=90sec	  

R=5×3	  @	  3	  Tesla	  
FOV=255×255×180	  
TR/TE	  =	  35/25	  ms	  


