Impact of tissue T1 on perfusion measurement obtained
with ASL

C. Debacker, A. Daoust, J. Warnking, J. Voiron, E. Barbier

GIN5/Bruker

Wednesday, 12 December 2012

Wednesday, 12 December 2012 C. Debacker Imagerie Vivant (Lyon) : ASL & T3



Introduction

Introduction:

Some pathologies = change of Ty

Wednesday, 12 December 2012 C. Debacker Imagerie Vivant (Lyon) : ASL & T3 1/10



Introduction

Introduction:

Some pathologies = change of Ty

In literature: equation of CBF quantification in ASL
with and without T; map

Wednesday, 12 December 2012 C. Debacker Imagerie Vivant (Lyon) : ASL & T3 1/10



Introduction
Introduction:

Some pathologies = change of Ty

In literature: equation of CBF quantification in ASL
with and without T; map

4

So, what is the effect of tissue 7; on the
quantitative measurement of CBF in ASL?
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Materials and methods
°

Materials and methods: Manganese

Intra-cerebral injection: cortex S1

Isofluorane anesthesia

Stereotactic frame

cannula diameter 150um

80n/ of 100mM: non toxic [Canals et al., 2008]

Injection speed: 8nl/min

Anesthesia

~ 10min

Y~
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Materials and methods
°

Materials and methods: Manganese

Injection of manganese

@ 5 control rats & 5 Mn injected rats
@ Control: Tris-HCI
Injected: Tris-HCl + Mn3+

Anesthesia

Y~

~ 10min
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Materials and methods
°

Materials and methods: Manganese

@ MRI 6hours after injection

@ Images are positioned within 1 or 2mm of the injection point

Anesthesia Anesthesia
wai = shours _| Fecoring) 1
~ 10min ~ 60min
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Materials and methods
°

Materials and methods: MRI sequences

@ Bruker horizontal magnet (Avance I11)
(] B() =7T

@ Volume transmit & surface receive coil configuration

Anesthesia

| ]

~60min  *
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Materials and methods
°

Materials and methods: MRI sequences

@ Bruker horizontal magnet (Avance I11)
(] B() =7T

@ Volume transmit & surface receive coil configuration

@ ASL module: CASL

e Global 2nd order shim
o labeling time: 4s
o Post-labeling time 200ms

@ Image acquisition: SE-EPI
Anesthesia

o TR/TE =5s/17.2ms :
s ez

0.234mm x 0.234mm x 1mm
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Materials and methods
°

Materials and methods: MRI sequences

@ Bruker horizontal magnet (Avance I11)
(] B() =7T

@ Volume transmit & surface receive coil configuration

@ ASL module: CASL

o Global 2nd order shim
o labeling time: 4s

e Post-labeling time 200ms @ Voxel =

0.234mm x 0.234mm x 1mm

First passage: Gd bolus

Image acquisition: GE-EPI
@ TR/TE = 250ms/15ms

@ Image acquisition: SE-EPI
Anesthesia

o TR/TE =5s/17.2ms :
" Vorel — | ez

0.234mm x 0.234mm x 1mm
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Materials and methods
®00

Materials and methods: Quantification techniques

Two classic methods inspired and commonly found in

the literature:

CASL

o Without 777 map:

CBF*° =

AMM exp(w/TP)

2aMo TP

[1—exp(—7/TE)]

[Buxton et al., 1998] [Wang et al., 2002] [Wang et al., 2008] ...
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Materials and methods
®00

Materials and methods: Quantification techniques

Two classic methods inspired and commonly found in
the literature:

CASL

o Without 777 map:

AMM exp(w/TP)

-1
CBFw°e — 2aMo le [1 — eXp(—T/ le)]

[Buxton et al., 1998] [Wang et al., 2002] [Wang et al., 2008] ...

o With T7%P map:

wo__ AMA
CBFY = 2aMo T;PP

[Williams et al., 1992] [Alsop and Detre, 1996] [Bernstein et al., 2005] ...

Wednesday, 12 December 2012 C. Debacker Imagerie Vivant (Lyon) : ASL & T3 4 /10



Materials and methods
®00

Materials and methods: Quantification techniques

Two classic methods inspired and commonly found in

the literature:

@ \=0.9g/ml
CASL @ «=0.84
: app .
e Without 777" map: ® w— 200ms
o : @ T¢ =2100ms
wo _ AMXexp(w/ Ty b\ —
CBFY° = T oaMoTE [1—exp(—7/TP)] @ —4s
@ Mp:
[Buxton et al., 1998] [Wang et al., 2002] [Wang et al., 2008] ... approximated
. |
o With Tfpp map: to contro
image
app.
CBF" — __AM) o T; 3 meas.ured
2aMo ;7P by inversion
recovery (18
[Williams et al., 1992] [Alsop and Detre, 1996] [Bernstein et al., 2005] ... TI)
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Materials and methods
oeo

Materials and methods: Quantification techniques

Inversion efficiency: CASL
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Materials and methods
oeo

Materials and methods: Quantification techniques

Inversion efficiency: CASL

_ M-,
2M0
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Materials and methods
oeo

Materials and methods: Quantification techniques

Inversion efficiency: CASL
M2 - M,
- 2MP

Inversion efficiency as function of power

o (%)
8

0 20 40 60 80 100 120 140 160

Power (dB)
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Materials and methods
ooe

Materials and methods: Quantification techniques

Gd bolus: gamma variate function

o(t) = K(t — To)* exp <_ t _ﬂT°>

MTT = B(a + 1)

Adjustable parameters: K, Tg, @, B [THOMPSON et al., 1964]
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Materials and methods
ooe

Materials and methods: Quantification techniques

Gd bolus: gamma variate function

o(t) = K(t — To)* exp <_ t _ﬁT°>

MTT = B(a + 1)

Adjustable parameters: K, Tg, @, B [THOMPSON et al., 1964]

@ Intra-venous injection in

72104

caudal vein
@ Injection at 15m//min with

Harvard pump

@ Fitting pixel by pixel
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Results
°

Results: Images

Quantification of CBF:

T1 map CBF™° CBF"™ MTT
(without T;7PP) | (with T;77P)

Tris-HCI

100 Ti(ms) 2500 0 CBF(ml/100g/min) 400 0 CBF(ml/100g/min) 400
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Results
°

Results: Images

T1 map CBF™° CBFY™ MTT

; app ; app

(without T77°) | (with T7%%)

— — .
100 \(ms 2500 0 CBF(ml/100g/min) 400

Mn?+

_—  oam [ ——— [
400 Ti(ms) 2500 0 CBF(mi/100g/min) 400 0 CBF(ml/100g/min) 400
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Results: Value

Results
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@ Wilcoxon

rank sum test
*. p<0.05
**. p<0.01
@ Error bar
T
Standard error
of the mean
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Results: Value

CORTEX

Results
oe
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Mn?* Tris-HCI

Mn?*  Contro  Tris-HCI  Contro
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rank sum test
*. p<0.05
**: p<0.01
Error bar
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Discussion

Discussion:

Conclusion: Mn?*

Injection = or N\, of CBF because — MTT
HOWEVER

Mn?+ = N T1
THUS

Mn?+ IS tool to study impact of Ty
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Discussion

Discussion:

Conclusion: Mn?*

Injection = or N\, of CBF because — MTT
HOWEVER

Mn?+ = N T1
THUS

Mn?+ IS tool to study impact of Ty

Conclusion: Quantification

Significant effect of T3 on CBF if Ti=map
BUT

Corrected if equation with T3 map

| A\
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Discussion

Discussion:

Conclusion: Mn?*

Injection = or N\, of CBF because — MTT
HOWEVER

Mn?+ = N T1
THUS

Mn?+ IS tool to study impact of Ty

v
Conclusion: Quantification

Significant effect of T3 on CBF if Ti=map
BUT

Corrected if equation with T3 map

Recommendation
ASL quantification of CBF with T3 map
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