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TUTl 5023 Reducing Ty-bias in mg-BOLD imaging

|

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

Relative OEF (rOEF) can be measured by multiparametric quantitative BOLD
(mg-BOLD) with 3 separate measurements of T,, T,™ & rCBV

Background

mg-BOLD was successfully applied in stroke, tumor and cerebrovascular disease
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= rOEF elevations can be reduced by 3D GraSE T, acquisition

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

rOEF in ICAS

rOEF in Glioma




Reducing T,-bias in mg-BOLD imaging

Material & Methods
Multi-parametric quantitative BOLD (mg-BOLD)

Model vasculature by randomly oriented cylinders with infinite length
Estimate deoxygenated blood volume by total relative cerebral blood volume
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rCBV: relative cerebral blood volume
C=4/3ymAxyBy=317 Hz @3T

According to: Yablonskiy & Haacke, MRM 32(6) (1994); 749-763. Toth 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. 4



Reducing T,-bias in mg-BOLD imaging

Material & Methods

« 3T Philips Ingenia * 32 channel head coil
Participants « Software release 5.1.8 * Custom patches
Phantom Young healthy controls (YHC)
Elderly healthy controls (EHC) | Internal carotid artery stenosis (ICAS)
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modified from ,Carotid artery stenosis®by BruceBlaus licensed under CCBY 3.0 ; modified from ,Brain® by Zoé Austin under CCBY 3.0 ; from ,Gadoteric acid“by Edgar181 under public domain 5



Reducing T,-bias in mg-BOLD imaging

Material & Methods

MR Sequences

Main
parameter

Stage 1 Phantom 6 different VOI’s

Stage2 10 YHC age:284+4.1y (Literature)

Stage3 B8EHC age:69.5+48y

S 888

Stage4 3ICAS 2age:63.0+9.6y

TE=60,70,80,100, TE:=ATE TE:=ATE TE:=ATE TE1=ATE

120,140,160ms  =16ms  =16ms =10ms  =5ms  '£-30mMS
7 echoes 8/4 echoes 8 echoes 16 echoes 12 echoes 1 echo
TR=3000 ms TR=8596 ms TR=251ms TR=487 ms TR;Z:SO TR=1513 ms
3.5x4x4 mm3 22x3mm3  2x2x3 mm3 2x2x3mm3 2x2x3 mm3 2x2x3.5 mm3
5 slices 30 slices 30 slices 30 slices 30 slices 26 slices
each 2:36 min 2:23 min 2:09 min 4:09 min 6:08 min 2:01 min



Reducing T,-bias in mg-BOLD imaging

Results
Stage 1: Phantom T,

T2 in phantom volumes of interest [ms]

Sequence

48,6 + 0,7

61,1 + 0,9 62,6 + 1,0 61,9 = 0,9 105,1 £ 2,7

324 + 1,7

Single-SE

all echoes 379 £ 1,2 52,5+ 1,2 65,8 + 1,8 68,3 + 1,0 68,5 + 1,4 115,7 £ 4,7
2D-GraSE even echoes 36,7 + 0,9 50,9 + 1,0 62,8 + 1,0 64,7 + 0,8 64,5+ 1,0 106,2 + 3,4
3D-GraSE | 33,117 451+ 1,5 58,4 + 3,3 61,6 + 1,9 62,0 + 2,6 101,6 + 4,3
3D-GraSE Il 34,1+ 1,6 471 £ 1,4 60,5 + 2,7 63,1+ 14 63,4 + 2,1 105,1 + 3,6

18,0
7 2
o 120 s expected, less
T 90 (5) stimulated echoes
£ 60 bias by even echo
® 31% 2.1% "
e 30 HH HI ﬂ N oW 1 fitting of 2D-GraSE
§ 0,0 - u “ . — — “n _—— | 9 . 2
8 40 Mean relative error 4.9 % ﬂ c 3 3D-GraSE | better
E ™ [
S 60 104% Sm4 than 2D-GraSE
N
5 90 8 W5

oMW e6 3D-GraSE Il closest
120 2D-GraSE (all echoes)  [J2D'GraSE(eveniechoss)) 3D-GraSE | 3D-GraSE Il to reference




TUTI 5023 Reducing T,-bias in mg-BOLD imaging

Results

Stage 2: YHC examplary data

T2 2D-GraSE

T2 3D-GraSE Il

Artefact-map

Globally decreased T, & R,” by 3D-GraSE Il

Yale

30y, male



Reducing T,-bias in mg-BOLD imaging

Results GM & WM mean of all YHC

Stage 2: YHC R,

()
Trims] | Telms] | Telms] | Tams] | | 2| Telms] Talms)
©
GM 53.9+1.7 839+ 1.1 76.5+1.2 78.2 +1.1 E 849+35 735+24
|
WM 50.3 +0.9 75.4+1.0 66.6 + 0.9 69.1 +1.0 73.5+24 682+22
Fit-error
[%o/echo] 1.6+0.2 3.4+0.2 3.3+0.2 1.7 £ 0.1
= Y
GM 83+04 6.9 +0.3 72+04 | GM 6.2 + 0.2
WM 7.3+0.3 54 +0.3 6.0 +0.3 | WM 57 +0.2

Artefact exclusion by R2’ and fit-errors

§>§> 3D-GraSE | & Il closer to reference
§>§> 3D-GraSE Il with lessfit-errors
§>§> Artefact exclusion further decreases R,’

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



Reducing T,-bias in mg-BOLD imaging

Results GM & WM mean of all EHC
Stage 3: EHC rOEF

GRE T2* DSC

GM 556.1 £4.1 89.2 +3.2 81.4+20 4.7+0.4

Artefact exclusion by Rz2" and fit-errors

WM 50.7 +2.6 81.4+28 723+ 2.1 2.7+0.1
L i | iy |
GM 9.4 +0.9 8.2+0.9 ) GM 0.72 + 0.08 0.61 + 0.09 ) GM 0.54 + 0.07
WM 8.5+0.9 6.8+0.7 WM 1.08 £ 0.10 0.85 + 0.09 WM 0.81 + 0.08
[ GM I WM J o GM i WM ]

R2' [1/s]
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| \ e u
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0.6 0.6
6 6 '\
[ o T s 5. 04 * o4
3D I 3DI| 3D I 3D 3D Il 3D Il
p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 : p < 0.0001 p < 0.0001

§>§> 3D-GraSE Il with significant decrease of T,, R,” & rOEF
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TUTI 5023 Reducing T,-bias in mg-BOLD imaging Yale

Resu |tS High-grade left sided unilateral ICAS

69y, female
Stage 4: ICAS examplary data

L EsEmsEeE seadl e clioe,

-

ICAS induced ipsilateral rOEF Putamen (high iron content) masked in artefact-map
increase only visible in 3D-GraSE Il and corresponds to maximum rOEF values

11



Reducing T,-bias in mg-BOLD imaging

High-grade left sided unilateral ICAS

Results 69y, female

Stage 4: ICAS rOEF

2D-GraSE rOEF 3D-GraSE Il rOEF 3D-GraSE Il rOEF
no artefact removal no artefact removal with artefact removal
) 1000 - 1000 ' | 1000
° 750 » 750 , 750
2 500 X 500 E
A 8 8 500
=+ =S S
250 . 250 . 250
0 0 0
T ooo ...................................................................................... -
2000 2000 Strong clipping
1500 . 1500 for 2D-GraSE
%) 2
[} i @
s § 1000 51000 Lower rOEF peak
i s position by 3D-GraSE Il
500 . 500
0 0 Artefact removal
: : : : : reduces clippin
— rOEF rOEF rOEF PPINg

12



Reducing T,-bias in mq-BOLD imaging

Summary

Remaining bias requires further analysis,
e.g. by CSF induced partial volume effects

3D-GraSE T,-mapping furtherimproves mqg-BOLD

by lowering rOEF-values closer to physiological values

13
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