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Synopss
SV D-basad deconvalution of DSC-perfusion datarequiresthe sdlection of athreshold parameter in order to regularize the solution. We extend three methods thet arewd|-established inthe literature
on regularization to the context of pixd-by-pixd MRI perfuson quantification. We evd uate these methods in terms of imege quality and sensitivity to énormditiesin CBF and compare themto
fixed- and adaptive threshalding peradigms from the MR literature. We condude thet the L-curve ariterion combined with Tikhonov regularizetion shows promise as a robust and unbiased
thresholding method.
[ntroduction
Regularization methods for the deconvalution of DSC-MRI parfuson curves require the sdedtion of a threshold which to a large extent determines the resuits [5]. The regularization method of
chaiceinthisfiddis Truncated Singular Vdue Decomposition (TSVD) withafixed threshald (F1X) [1]. Recertly it hesbecome dear thet the optimdl threshold is dependent on tissue cheracteristics
NR, digparson and dday of the AIF [5]. An adgptive thresholding method (LIU) — custom mede far DSC-MRI parfusion -- has been proposed [3]. One possible drawback is thet it neglects
dday/dispersion effects, dthough these gppear to be an important issue in TSVD [4]. On the other hand a number of methods are avalable from the literature on regularization which rely on very
generd assumptions only [2]. The three most common ones are evalueted inthiswork: the Disorepancy Prindple (DP), the L-Curve Criterion (LCC) and Generdized Cross Vdidation (GCV). We
gpply themin combination with TSV D-regularization, anda‘ smooth’ version of theformer called slanderd Tikhonov regularization (TIKH) [2].
Materidsand M ethods
Perfuson experimentswere performed with a double-shat muitiple-dice gradient-echo sequence (TR/TE/B 899msac/30msac/40°, dicethickness 6.0 mm, 128+ 128 pixds FOV 230 mm, 20dices
40 time paints). Subjects recaived 40m of GA-DTPA a 5mi/sec. An AlF was seected in the MCA and the images were deconvolved using TSVD- and TIKH-regularization with thresholds
chosen pixd-by-pixe according to the five methods under consideration. Each time the overall mean threshold was calculated Among the cases treated we presant here the resuilts for one subjedt,

TSVD-LCC TSVD-GCV TSVD-LIU TSVD-FIX

who showed increased Time To Pesk (TTP) in theright hemisphere. A 6x6-pixd ROI was drawn on the region with hyperintense TTP and an identical one contrdaterd to it. Firally the ratio
normél/abnormel CBF wes celculated fromthese ROI's

Reaults

The top row of the figure shows CBFmeps deconvalved with TSV D-regularization, the bottom row with TIKH-regularization. The colunmns represent the various thresholding methods. Color
teblesarethesamefor al theimeges. Thetableundernegthlissnumerical resuitsfor each of thetechniques

TSvD-DP TSvVD-LCC TSVD-GCV TSVD-LIU TSVD-FIX
Mean threshold + stddev: 027+029 021+021 009+0.16 015+010 0.20+£000
Mean CBF ratio+ sddev: 002+006 108+234 050+202 187+137 215+106
TIKH-DP TIKH-LCC TIKH-GCV TIKH-LIU TIKH-FIX
Mean threshold + sddev 025+0.28 051+021 008+011 015+010 0.20+£000
Mean CBF ratio+ sddev 016 +043 170+116 108+124 191+118 219+0.86

Discusson/condusion

Firg, aqualitativeingpection of the datashows dearly thet the useof DP-, LCC- and GCV- threshdlding is not advissblein combination with TSVD. The same condusion haldsfor TIKH-DP. The
DP can dso bergected on the grounds of its normel/abnormeal CBFF ratio, which is dearly unphysicdl. TIKH-GCV isacceptablein terms of imege quaity, but leads to extremdly high CBF values
dueto the sl threshdldsit sdects. Al it seems rather insensitive to CBRabnormdities Weareleft with TIKH-LCC, which shows a good imege quality except for some isolated, hyperintense
pixels which blend in after optimisation of the dgortihm. We note thet it tends to produce dightly lower CBF vaues than both LIU- and FIX- threshdlding. It is known to be an extremdy robust
technique [2] which is designed to sesk a compromise between ‘ goodness of fit' and * smoothness of the solution’. We condude thet it isa sLiteble candidate for an adaptive threshdlding paradigm
inDSC-MRI perfusion quantification.

References

[1] @gergeard & d. Magn.ResonMed. 36 :715-736 (1996)

[2] Hansen PC. Rank-Defident and DisretellI-Posed Problems. SIAM, Phileddphia (1997)

[3] LiuH-L etd. Magn.Reson.Med. 42 :167-172 (1999)

[4] Cdamante F et d. Magn.Reson.Med. 44 :466-473 (2000)

[5] MuraseK etd. PhysMedBial. 46:3147-3159 (2001)

Proc. Intl. Soc. Mag. Reson. Med. 11 (2003) 2207



