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Filter-exchange Imaging

Principles of the filter-exchange 
imaging (FEXI) sequence. FEXI is imaging (FEXI) sequence. FEXI is 

based on a double pulsed-gradient 

spin-echo sequence (top).  

Ensembles of water molecules giving 

rise to MR signal (black dots) are 
located in micro-environments with 

high (bright blue) and low (dim blue) 

apparent diffusion coefficients (ADC). 

Application of a diffusion filter (gray) 

reduces the signal of water located in 
the region with high ADC and thus 

the filtered ADC’ is reduced (dashed the filtered ADC’ is reduced (dashed 

line, tm = 0). Molecular exchange 

leads to a gradual reappearance of 

the water signal in the high ADC 
regions and the ADC’ exponentially 

approach its equilibrium value as tm
is prolonged, with a rate determined 

by the Apparent Exchange Rate 

(AXR)



In vitro verification
Breast cancer cells in vitro 

measured on a 200 MHz NMR spectrometermeasured on a 200 MHz NMR spectrometer

Differentiation of different cancer cell types based on AXR
A.MCF7 (Luminal Brca Subtype)
B.HCC1937 (Basal A Brca Subtype)
C.SUM149 (Basal B Brca Subtype)

Hypothesis : the AXR measurement will 
improve tumour grading in vivo



Proof of concept in vivo
A B C

• A patient having a prosthesis from a previous treatment 
and a BRCA1 mutation was investigated (A)

• The AXR determined in the tumour suggests a rapid water 
exchange (B)

• Filtered exchange imaging is easily implemented on a 

clinical scanner, although the variability is presently high in 
the estimated AXR due to the limited SNR (C)



• Determining the AXR parameter of 

Conclusions

• Determining the AXR parameter of 
tumourous tissue potentially improves tumour 
grading, thus serving as a digital biopsy

• Filtered exchange imaging in breast will • Filtered exchange imaging in breast will 
benefit from the increased SNR in 
DirectDigital and MultiTransmit systems



neuro application



Filter-exchange Imaging

Principles of the filter-exchange 
imaging (FEXI) sequence. FEXI is imaging (FEXI) sequence. FEXI is 

based on a double pulsed-gradient 

spin-echo sequence (top).  

Ensembles of water molecules giving 

rise to MR signal (black dots) are 
located in micro-environments with 

high (bright blue) and low (dim blue) 

apparent diffusion coefficients (ADC). 

Application of a diffusion filter (gray) 

reduces the signal of water located in 
the region with high ADC and thus 

the filtered ADC’ is reduced (dashed the filtered ADC’ is reduced (dashed 

line, tm = 0). Molecular exchange 

leads to a gradual reappearance of 

the water signal in the high ADC 
regions and the ADC’ exponentially 
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is prolonged, with a rate determined 

by the Apparent Exchange Rate 

(AXR)



Filtered exchange imaging in vivo

• The apparent exchange rate 
(AXR) in a healthy brain shows 
exchange rates between 
approximately 1 and 3 s-1, with 
highest values found in the 
frontal white matter

• A fractional anisotropy map is 
shown for reference

Note: White area in the region of 
the externa capsula is an artefact 
from insufficient fat saturation shown for reference

• The detected ADC’ values from 
frontal white matter (crosses) 
demonstrate a good agreement 
with AXR analysis (solid line)



Meningioma 

• The inner parts of the tumour shows •
a lower AXR than parts at the edge

• The inhomogeniety in the AXR values 
potentially reflect varying activity in 
the tumour

• Our hypothesis is that the AXR might 
improve tumour grading in vivo



• Filtered exchange imaging in brain yields 

Conclusions

• Filtered exchange imaging in brain yields 
roboust results in vivo, with highest AXR 
values in the white matter 

• Future research will test the hypothesis that •
filtered exchange imaging improves tumor 
grading and allows detection of tumour 
activity
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