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Acquisition and Reconstruction Techniques 
for Diffusion Weighted Imaging

MD Anderson 

• Options for fat suppression

• Diffusion imaging options

• Synthetic b-values

• Advanced Acquisition Techniques

Overview
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Why do we need it?

• Very low effective bandwidth in phase encode direction

• Chemical shift of fat causes shift 

Standard fat suppression techniques

• Chem Sat (Fat Sat) pulse

• Slice Selective Inversion Recovery (Adiabatic)

• Spectral Inversion Recovery (Adiabatic)

• GE: Special

• Siemens: SPAIR

Fat Suppression
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Train of RF pulses to tip only spins at water 
frequency

• Pulses stay in phase with water -> additive

• Pulse oscillate in and out of phase with fat -> 
destructive

Long pulse duration

• Usually still shorter than EPI readout time to 
center in spin echo sequence

Can be used together with other fat suppression 
techniques

• GE: enhanced fat suppression

Spatial Spectral (Water) Excitation
4

Pauly J, Magn Reson Med, 1993
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Mode of action
Maintains Water 

SNR (For 
Homogeneous B0)

Robust to B0 Robust to B1

Chem Sat Saturate Fat Yes No No

Inversion Recovery Invert all spins No Yes Yes

Spectral 
Inversion Recovery Invert fat spins Yes No Yes

Spatial Spectral 
Excitation

Excite only water Yes No No

Comparison of Techniques
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Example: Hip Replacement
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Pelvic DWI with Special Pelvic DWI with IR Prostate DWI with IR

Localizer Pelvic T1 Prostate T2
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Diffusion Options
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X, Y, Z, or Slice, Read, Phase

• Single direction along imaging axis

“All” or “Orthogonal”

• 3 directions, one on each axis

“3-in-1” or “1-Scan Trace”

• All gradient axes simultaneously

• Single diagonal direction

• Can shorten DW pulses to reduce TE

“Tetra” or “4-Scan Trace”

• 4 diagonal directions

Tensor: multiple directions

Diffusion Directions
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Contouro, Magn Reson Med, 1996
GE Healthcare SignaPULSE, 2011
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Gradients applied in different directions create different distortions

Eddy Current Distortions
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Le Bihan D et al, J Magn Reson Imaging, 2006

“Dual Spin Echo” Or “Bipolar” Gradients

Reese TG, Magn Reson Med, 2003

2D Phase Correction
Real Time Frequency Adjustment 

(GE proprietary)
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Correcting for Eddy Currents
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“Dual Spin Echo” Or “Bipolar” Gradients

Reese TG, Magn Reson Med, 2003

Calibration and Correction
GE: “Real Time Frequency Adjustment” 

Xu D, Magn Reson Med, 2013
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Multiple b-values and Variable NEX
11 MD Anderson 

Synthetic b-values

12
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DW-EPI tends to be T2-weighted

• Lesion conspicuity = T2 weighting + Diffusion 
weighting

• T2-bright lesions are more conspicuous

T2 Shine-Through
13

T2 DWI b=1000

ADC
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Bright on T2 and DWI but not ADC?

• T2 weighting causes hypointensity on DWI

• Check ADC to confirm

T2 Shine-Through
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T2 DWI b=800

ADC
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T2 hypo-intense tumors: T2 weighting counters 
diffusion weighting

• Increasing b-value (diffusion weighting) can 
help

• Lower SNR - > more averages, longer scan 
time

Synthetic DWI

• ADC map can be constructed from higher SNR 
(lower) b-values

• Synthesize higher b-value images from ADC 
map

Synthetic b-values
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T2 DWI b=800

ADC Syn DWI b=1500
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Improved detection, increased confidence

Synthetic b-values
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T2 DWI b=800 ADC Syn DWI b=1500
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Advanced Acquisition Techniques
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Skip lines in k-space

• Reduce effective FOV

• Unalias with multicoil information
• Noise amplification

Increases effective BW in phase encoding

• Cross k-space faster

• Reduces distortion, shifts

• Reduces blurring due to T2* decay

Parallel Imaging
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ASSET R=2ASSET off



7/28/18

4

MD Anderson 

FOCUS: spatial-spectral 2D pulse to limit excitation

• Benefits achieved only with rectangular FOV’s

Reduced FOV: FOCUS
19

Saritas E et al, Magn Reson Med, 2008
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FOCUS Applications
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Conventional FOCUS

Singer L, Acad Radiol, 2012 MD Anderson Clinical PQI
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• 2D excitation limits excitation 
in phase encoding

• Conceptually similar to 
FOCUS but slightly different 
strategy for pulse design

• Capitalizes on TimTX parallel 
transmit capability

Siemens ZoomIt
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Siemens Healthineers
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Bulk motion: k-space mismatch between shots

• Common to any segmented sequence

DW gradients are very strong motion encoding gradients

• Small amounts of motion (even sub-voxel) 
-> phase shifts in image space 
-> shifts, distortions in k-space

• Can result in large differences in k-space despite 
magnitude image

Can be corrected

• Navigator echoes

• Constrained unaliasing with coil sensitivity information

Why Single Shot? Motion and k-space
22

Schick F, Magn Reson Med, 1997
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Increase phase BW while maintaining full FOV

Two main strategies

• Fill in missing lines of k-space from reduced FOV 
(GE: MUSE)

• Don’t skip lines in k-space but shorten readout span 
(Siemens: RESOLVE, readout segmented EPI)

Disadvantages

• Scan time scales by number of shots

• Sensitivity to motion between shots

Multishot DW-EPI
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Wu W, J Magn Reson Imag, 2017

Interleaved in 
phase encoding

(e.g. MUSE)

Readout 
Segmented

(e.g. RESOLVE)

Single Shot

MD Anderson 24

Thian YL, Acad Radiol, 2014Chen N, NeuroImage, 2013

MUSE RESOLVE
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Advantages

• No distortion, shifts along phase encoding

• Reduced need for consistent fat suppression

• Robust to B0

Disadvantages

• Less SNR efficient -> noisy or very long scan times

• Non-zero spin phase inconsistent with CPMG conditions

• Even/odd echo oscillations, rapid signal decay

FSE-based DWI
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Pipe JG, Magn Reson Med, 2002
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• Non-CPMG FSE (Le Roux P, J Magn Reson, 2002)
• Quadratic RF phase modulation generates stable 

echo train with separate even and odd echo images
• Single shot
• Double echo train length -> severe blurring

• SPLICE (Schick F, Magn Reson Med, 1997)
• Separate pathways with additional readout area
• Single shot
• Double readout, longer echo spacing -> blurring

• PROPELLER (Siemens: BLADE)
• Partially stabilize with MLEV modulation
• Multi-shot readout

Addressing non-CPMG Conditions
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Schick F, Magn Reson Med, 1997
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• Segments acquired as rotating “blades”

• Blades overlap at center of k-space

• Central region can used for motion and phase 
correction

PROPELLER
27

Pipe JG, Magn Reson Med, 2002

EPI PROPELLER
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Acquire multiple slices simultaneously

Separate using coil sensitivity information

Shifting one slice relative to the other typically 
reduces geometry dependent noise amplification  

Simultaneous Multi-Slice
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Larkman DJ, J Magn Reson Imag, 2001
Breuer FA, Magn Reson Med, 2005
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SMS Applied to Diffusion
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Setsompop K, Magn Reson Med, 2012 Setsompop K, NeuroImage, 2012
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SMS Clinical Applications
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Siemens Healthineers GE Healthcare


