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Motivation
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Oxygen	extraction fraction (OEF)	is a	fundamental	marker of brain function

Relative	OEF	(rOEF)	can be measured by multiparametric quantitative	BOLD
(mq-BOLD)	with 3	separate	measurements of T2,	T2*	&	rCBV

mq-BOLD	was	successfully applied in	stroke,	 tumor and cerebrovascular disease

However,	 rOEF values systematically elevated

rOEF elevations caused by T2 elevations
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rOEF elevations can be reduced by 3D	GraSE T2 acquisition

rOEF in	ICAS

rOEF in	Glioma

From Preibisch et al. In NMR BioMed 30(11) (2017):3775.
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Material & Methods

44According to: Yablonskiy & Haacke, MRM 32(6) (1994); 749-763. Tóth et al. In J Neurooncol. 115 (2013): 197-207 ; Hirsch et al. in NMR Biomed, 27 (2014): 853-862 ; Christen et al. in MRM 68(3) (2012): 905-911. 

rCBV: relative cerebral blood volume 
c = 4/3⋅γ⋅π⋅Δχ⋅B0 ≈ 317 Hz @3T
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Multi-parametric quantitative BOLD (mq-BOLD)

capillaries

Model	vasculature by randomly oriented cylinderswith infinite	length

Estimate deoxygenated bloodvolumeby total	relative	cerebral blood volumeId
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Material & Methods
Participants

55modified from „Carotid artery stenosis“ by BruceBlaus licensed under CC BY 3.0 ; modified from „Brain“ by Zoë Austin under CC BY 3.0 ; from „Gadoteric acid“ by Edgar181 under public domain

Phantom Young	healthy controls (YHC)

Elderly healthy controls (EHC) Internal	carotid artery stenosis (ICAS)	
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• 3T Philips Ingenia
• Software release 5.1.8

• 32 channel head coil
• Custom patches
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Material & Methods
MR Sequences

66

T2
R2‘
rOEF
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Results
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As	expected,	less	
stimulated	echoes	
bias	by	even	echo	
fitting	of	2D-GraSE

3D-GraSE	I	better	
than	2D-GraSE	

3D-GraSE	II	closest
to	reference

Stage 1: Phantom T2
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Results
Stage 2: YHC examplary data
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30y,	male

Globally	decreased	T2 &	R2’	by	3D-GraSE	II
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Results

9* from Hirsch et al. in NMR Biomed, 27 (2014): 853-862 

3D-GraSE	I	&	II	closer	to	reference

3D-GraSE	II	with	less	fit-errors

Artefact	exclusion	further	decreases	R2’

Stage 2: YHC R2’

GM	&	WM	mean of all	YHC
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Results

10
3D-GraSE	II	with	significant	decrease	of	T2,	R2’	&	rOEF

Stage 3: EHC rOEF

GM	&	WM	mean of all	EHC
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Results
Stage 4: ICAS examplary data
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High-grade	left sided unilateral	ICAS
69y,	female

ICAS	induced	ipsilateral	rOEF
increase	only	visible	in	3D-GraSE	II	

Putamen	(high	iron	content)	masked	in	artefact-map	
and	corresponds	to	maximum	rOEF values
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Results
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Stage 4: ICAS rOEF

Strong	clipping	
for	2D-GraSE

Lower	rOEF peak	
position	by	3D-GraSE	II

Artefact	removal	
reduces	clipping

High-grade	left sided unilateral	ICAS
69y,	female
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Summary
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Systematically elevated rOEF values biased by elevated T2

3D-GraSE	I	significantly reduces T2 and shortens scan time

3D-GraSE	T2-mapping	further	improves	mq-BOLD
by	lowering	rOEF-values	closer	to	physiological	values

3D-GraSE	II	with increased echo	sampling (10ms)
and prolonged echo	train (160	ms)	shows even better results

rOEF significantly	decreased	(to	0.81	in	WM	&	0.54	in	GM)	
&	focal	hyperintensities become	visible

Remaining	bias	requires	further	analysis,
e.g.	by	CSF	induced	partial	volume	effects
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Thank you very much
for your attention!


