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Outline
 Basic and advanced principles of Diffusion Weighted 

Images (DWI) - 1

1.  Echo Planar Imaging (EPI)      

2.  Diffusion weighted imaging (DWI) 

 Basic and advanced principles of Diffusion Weighted 

Images (DWI) – 2

1.  Diffusion-weighted whole-body imaging with background body   

signal suppression (DWIBS)

2.  Intravoxel Incoherent Motion (IVIM)

 Dynamic Contrast enhanced MRA

 Preliminary conclusions and discussion 
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Conventional CEMRA
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Suppose the image of arteries and veins

arteries vein

arteries vein
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Fill in the k-space center 

different timing

too early         exactly too late    

From left to right: early to late scanning

Technique 、patient’s ( Heart Rate & Blood pressure )



Suppose the image of arteries and veins

arteries vein

arteries vein
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Dynamic Contrast enhanced MRA



1sec                                  2sec                                    3sec                                   4sec    5sec

6sec                                   7sec                                   8sec                                   9sec    10sec

11sec                                 12sec                                 13sec                                  14sec     15sec

26sec                                  27sec                                   28sec                               29sec     30sec

16sec                                17sec                                   18sec                                19sec      20sec

21sec                                  22sec                                 23sec                                 24sec     25sec

If the signal is received quickly









Could we do 

Dynamic MRA like DSA?

Convential DSA CEMRA



Dynamic MRA
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4D TRAK CEMRA



MRI for Blood vessels

 None contrast Agent

-Time of flight MRA ( 3D TOF MRA )

-Phase contrast MRA ( PC MRA )

 Contrast Agent

-Contrast-enhanced MRA ( CE MRA )

 Contrast Agent + Acceleration

- 4D-TRAK (Philips)

- TWIST (Siemens)

- TRICKS (GE)



Why should be accelerated?

 It avoids the vein interference

- Contrast agent flows into  vein rapidly from the artery

 It avoid that can not find arterial phase

- Slow flow patient

- Heart rate (Too slow) 

- Heart rate (Too fast)

- Carotid artery Short (kids)



How do we avoid that  

vein is appeared

 It uses of accelerate scanning technology for reducing 

scan time



Parameters Compare (VGHTC)

3D MRA 4D-Trak

matrix 380x280x150 288x187x160

TR / TE (ms) 3.6/1.3 3.3/1

Flip angle (deg) 25 20

Keyhole no yes

dyn scans 2 30

Total scan duration 24 53.5 

Dyn. refscan time - 5.5 

Dyn. keyhole scan 

duration 
- 1.6 



4D-TRAK (Philips)
4D Time-Resolved Angiography using Keyhole

 Purpose

 Dynamic, high-resolution 4D CE-MRA

 Combination the speed of

 SENSE (parallel imaging with SENSitivity Encoding) , 

 CENTRA (Contrast-ENhanced Timing Robust Angiography),

 Keyhole 

 halfscan



4D-TRAK (Philips)
4D Time-Resolved Angiography using Keyhole

 Purpose

 Dynamic, high-resolution 4D CE-MRA

 Combination the speed of

 SENSE (parallel imaging with SENSitivity Encoding) , 

 CENTRA (Contrast-ENhanced Timing Robust Angiography),
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SENSE
SENSitivity Encoding (iPAT,ASSET)

 Parallel Imaging technique:

 multi-element RF coils increase speed using in imaging 

 Preparation:

 Determine sensitivity maps of individual RF coil elements

 Acquisition:

 Measure less data (k-profiles), results in faster scan

 Reconstruction:

 Decode images using coil element sensitivity maps



Sensitivity encoding
Application with 2-element synergy coil

Coil 1 Coil 2

1.0 0.8 0.6 0.4 0.2Sensitivity

1.00.6 0.80.40.2 Sensitivity



Sensitivity encoding
Scan with sense factor 2 (RFOV of 50%)

A

B



Sensitivity encoding

B

A

1.00.6 0.80.40.2

Coil 2

C2 = 0.2 A + 0.7 B

B
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1.0 0.8 0.6 0.4 0.2

Coil 1

C1 = 0.85 A + 0.35 B



Sensitivity encoding
Result -Accelerated Image Acquisition

A

B

C2 = 0.2 A + 0.7 B

C1 = 0.85 A + 0.35 B

A  and  B



4D-TRAK (Philips)
4D Time-Resolved Angiography using Keyhole

 Purpose

 Dynamic, high-resolution 4D CE-MRA

 Combination the speed of

 SENSE (parallel imaging with SENSitivity Encoding) , 

 CENTRA (Contrast-ENhanced Timing Robust Angiography),

 Keyhole 

 halfscan



Contrast-ENhanced Timing Robust Angiography 

 Divide k-space in 2 segments:

 arterial window

 arterial + venous window

 Benefits:

Optimal venous suppression  longer scan times 

possible resulting in: 

 Higher resolution 

 High SNR

ky

kz



Contrast-ENhanced Timing Robust Angiography 





Sequential view order
(Fixed timing,  Test bolus timing)



Elliptical centric view order

(Real time imaging)



4D-TRAK (Philips)
4D Time-Resolved Angiography using Keyhole

 Purpose

 Dynamic, high-resolution 4D CE-MRA

 Combination the speed of

 SENSE (parallel imaging with SENSitivity Encoding) , 

 CENTRA (Contrast-ENhanced Timing Robust Angiography),

 Keyhole 

 halfscan



K space

MR sampling K space MR image
(Digital signal) (Digital image)(Analogic signal)

ADC 2D FT



38

K space

(a) k ≦1 (b) k ≦2

(c) k ≦3 (d) k ≦4

kx

ky
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K space

(f) k ≦6 (g) k ≦8 (h) k ≦12 (i) k ≦16 (j) k ≦24

(e) k ≦5(a) k ≦1 (b) k ≦2 (c) k ≦3 (d) k ≦4
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K space

(n) k ≦128 More K number that

1. Resolution will be better

2. Scanning time increases
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K space

(a) The central 64×64 points of  k space

(b) The central 64×64 points of  k space

The center of k space

SNR and Contrast

The periphery of k space

Resolution



4D-TRAK (Keyhole)

Dyn1 ~ Dyn(n-1) 
The center of k space

Nth (Last scanning)
The periphery of k space

…

Keyhole : copying k-space information from reference

scan to other dynamics.



Keyhole

4D-TRAK using keyhole acquisition and reconstruction. 

The last dynamic is fully sampled and the peripheral part of the 

k-space is used to reconstruct the contrast-enhanced timing-robust 

angiography (CENTRA) keyhole dynamics.



Keyhole
Time-Resolved Angiography using Keyhole

Arrival of contrast

injection

Fast dynamic

scanning

Reconstruction
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kz

ky

kz
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kz

ky
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Acquisition Order

Order : ABACAD…...



Acquisition Order

ABCD ABACADABACAD..

Prior to the contrast 

injection, k-space is 

fully sampled.

ABCD     ABACADABACAD..

ABCD     ABACADABACAD..

4T

2T

Posterior to the contrast injection

6T



MRM 36:345-351 (1996)



Speedup of keyhole 6

High speedup thanks to simple segmentation in k-space

Speedup of SENSE up to 8

Speedup of halfscan ~1.25

4D-TRAK
Maximum acceleration

X



TWIST (Siemens)

 Time-resolved angiography With Interleaved 

Stochastic Trajectories

 Faster Scanning Options:

 Short TR 

 Partial Fourier 

 Reduction in spatial resolution

In-plane resolution

Slice resolution 

 Parallel imaging (PAT²)



TWIST

 Sub-divide k-space into 2 regions: 

 a central region A 

(with main information about image contrast) 

 a peripheral region B 

(with main information about spatial resolution) 

 Scan A with a higher frequency than B, in order to 

achieve a higher temporal resolution 



TWIST



TWIST

 Region A is the center of k-space, determining the 

image contrast 

 The size of Region A can be flexibly chosen, 

between 4% and 100% of total k-space 



TWIST

 The key is to use a reduced sampling density of B 

(= SDB),



TWIST

 Sub-divide k-space into 2 regions and scan 

them in the alternating scheme

A BT A BT ABT ... 



TWIST

 The diagram of TWIST k-space sampling strategy. In  the dots show the ky kz

plane of k-space, each dot represents onereadout line of k space data. Blue 

dots shows the center k space views that are acquired for each timepoint.



TWIST

 Higher (nominal) frame rate than conventional 

imaging: With the flexibility of 

 Size of A 

 Sampling Density of B the reconstructed temporal 

resolution can be set flexibly, 



TWIST



?!

3D TOF 4D CEMRA



Image is poor, but can seeImage quality is good, but can not see......









Vascular malformation



Direct type CCF

4D-TRAK MRA

CTA



DSA

MRA

AV 

fistula



AV 

fistula



4D-TRAK DSA

IV bolus injection

One hour at the hospital

Arterial puncture (high risk)

2~3 days at the hospital



Conclusion

 4D-TRAK (Philips) is combined the speed of keyhole , 

SENSE and halfscan that increases for high temporal resolution  

(Dynamic imaging). 

 TWIST (Siemens) Time-resolved angiography With

Interleaved Stochastic Trajectories, 

It is to use a reduced sampling density of B … that increases   

for high  temporal resolution 

 For applications  such as intracranial arteriovenous

malformation (AVM),intracranial arteriovenous fistula (AVF) 

and intracranial venous thrombosis.





4D-TRAK 

Reconstruction Methods (VGHTC)

160 slices

Dyn1 Dyn2 Dyn3 Dyn4 Dyn5

…
Dyn30

Maximum intensity projection (MIP)

… We will  Obtain the 

Dynamic MRA images


