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Background

M factor for calibrated fMRI by gas-free R,’ vs. hypercapnia

BOLD effect!2 to map human brain function3

Calibrated fMRI to quantify oxygen metabolism changes3*®

Established measurements of BOLD and perfusion changes during hypercapnia>®
to calculate calibration factor M based on Davis model’

g Wider applications limited by complicated gas setup®

2 Alternative gas-free R, calibrations’ with systematic deviations® 1°
Methodological improvements by pseudo-continuous arterial spin labeling (pCASL)!?

(%]

2 with optimized timings!2

e

é Improved M factor correlation of hypercapnia vs gas-free R,

I

Evaluate perfusion effects on calibrated fMRI

Calibrated fMRI

Calibration experiment

!

Maximum BOLD signal
change M

.

Task experiment

Oxygen metabolism
changes
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Participants

o ‘ ' « 3T Philips Ingenia Elition « D-DAS
E ‘ » Software release 5.6 e 32ch head coil
|
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ASL Timings

M factor for calibrated fMRI by gas-free R,’ vs. hypercapnia

Labeling

Labeling Read-out
1 3

> t

P

Post-label Delay (PLD)
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Material & Methods

MR imaqing protocol

pCASL (2x) 2D Flow BOLD FLAIR MP-RAGE T GraSE T.* GRE
r

COz COz CO2 CO> CO2 CO>
5% Air 3 min 3 min . q
0% 3 min 3 min 3 min 3 min 3 min 3 min 3 min Air Ai
Single-shot 2D EPI,3.3x3.6x6 In ASL labeling plane, GRE-EPI, 3x3x3 1.2x1.2x1.2 mm3, 1x1x1 mms, 3D GraSE, 2x2x3 2x2x3 mm3, 30
mm3, gap 0.6 mm, TE=11 ms, 1.1x1.1x5 mm3 TE=5.16 mm?3,TE=30 ms, TE=288ms,TR=4.85, TE=4 ms, TR=9 ms, mm3, 30 slices, 8 slices, 12 echoes,
TR=4500 ms, 20 slices, label  ms, TR=8861 ms, VENC = TR=1200ms, SENSE = Compressed SENSE  TI=1000 ms, a=8°,  echoes, TE,;=ATE=16 TE1=ATE=5 ms,
1800 ms, PLD1/2=1500/1800ms, 120 cm/s, a=10° 15 1.5, Multiband 2, 10, TI=1650 ms, = Compressed SENSE ~ ms, TR=251 ms, TR=1950 ms, a=30°,
100 dyn., incl. PDw, 2x 15:09 min ~ phases, 2x 3:14 min 750 dyn., 15:05 min 2:10 min 7.5, 2:05 min 2:09 min 6:08 min
CBFiio| |CBFan| v | o Lesions GM T
¢ CBFic 5 = -AStcar R= L1
CBFaRr So,air L T
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Signal time course

BOLD signal time course CBF signal time course

——CBF in GM

s Simo0thed CBF
<A

— a5
= Max BOLD *  Hypercapnia
— (02 phases | w02 phases

CBF [mI/100g/min]

average ABOLD = +2.7% average ACBF = +32%
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Results
Examplary CBF Data

Proposed ASL
Longer PLD

Commonly used ASL
shorter PLD

CBF baseline CBF hypercapnia

[mI/200g/min]

Images depicted by Vinci software, Max-Planck-Institute for Neurological Research, Cologne, Germany

Perfusion increase
during hypercapnia

Decreased CBF
with shorter PLD
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Results
Gas-free M factor

R2’-based vs. hypercapnia based calibrated-MRI

0,2
R2 = 0,4784
R2 = 0,4286
0,16
¥ M(HC) proposed PLD
o : : : : — Linear fit
EI 0,12 : : : : O M(HC) short PLD
: : : : — Linear fit
0,08
0,04 : : : :
0,13 0,15 0,17 0,19 0,21

»» Good correlations between hypercapnia vs. R,’ Improvements by prolonged PLD
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Flow velocity effects

CBF baseline ] CBF hypercapnia

60.0
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Labeling efficiency

0

0 50 100
Velocity (cm/s)

-3% labeling efficiency!?
9% M overestimation

»» Velocity increase by hypercapnia may affect M

VA-R
x=+3Y%

A ma> o
Regional perfusion effects by hypercapnia

ool Av
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Discussion

CVR impairments in ICAS

Gas-free
calibrated fMRI

Perfusion at

hypercapnia

R, based M factor correlates well with hypercapnia

Signal changes under hypercapnia agree well with literature!

Prolonged PLD of ASL improves M factor correlations — in line with literature?3

Calibrated BOLD affected by too short PLD
Blood velocity increases under hypercapnia as proposed*

Regional confounding effects at hypercapnia via velocity dependent ASL labeling>’
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Summary

Gas-free calibrated fMRI is highly promising for future applications
and requires further validations in future task studies
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