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Development of Quantification Methods for the Myocardial Blood Flow
Using Ensemble Independent Component Analysis for Dynamic H," O PET

Byeong Il lee, Ph.D,, Jae Sung Lee, Ph.D. Dong Soo lLee, MD Ph.D., Won Jun Kang, MD,,
Jong Jin Lee, MD, Soo Jin Kim, MS., Seung Jin Choi, PhD JuneKey Chung, MD,, Ph.D,
Myung Chul Lee, MD, PhD.

Department of Nuclear Medicine, Seoul National University College of Medicine, Seoul, Korea, Department of Computer
Science, Pohang University of Science and Technology, Pohang, Kored'

Purpose: Factor analysis and independent component analysis (ICA) has been used for handling dynamic image
sequences. Theoretical advantages of a newly suggested ICA method, ensemble ICA, leaded us to consider
applying this method to the analysis of dynamic myocardial H,"0 PET data. In this study, we quantified patients’
blood flow using the ensemble ICA method. Materials and Methods: Twenty subjects underwent H 0 PET
scans using ECAT EXACT 47 scanner and myocardial perfusion SPECT using Vertex scanner. After transmission
scanning, dynamic emission scans were initiated simultaneously with the injection of 555~740 MBq H,"0. Hidden
independent components can be extracted from the observed mixed data (PET image) by means of ICA
algorithms. Ensemble learning is a variational Bayesian method that provides an analytical approximation to the
parameter posterior using a tractable distribution. Variational approximation forms a lower bound on the ensemble
likelihood and the maximization of the lower bound is achieved through minimizing the Kullback-Leibler
divergence between the true posterior and the variational posterior. In this study, posterior pdf was approximated
by a rectified Gaussian distribution to incorporate non-negativity constraint, which is suitable to dynamic images
in nuclear medicine. Blood flow was measured in 9 regions - apex, four areas in mid wall, and four areas in base
wall. Myocardial perfusion SPECT score and angiography results were compared with the regional blood flow.
Results: Major cardiac components were separated successfully by the ensemble ICA method and blood flow
could be estimated in 15 among 20 patients. Mean myocardial blood flow was 1.2+040 mi/min/g in rest, 1.85+
1.12 mi/min/g in stress state. Blood flow values obtained by an operator in two different occasion were highly
correlated (r=099). In myocardium component image, the image contrast between left ventricle and myocardium
was 127 in average. Perfusion reserve was significantly different between the regions with and without stenosis
detected by the coronary angiography (P<0.07). In 66 segment with stenosis confirmed by angiography, the
segments with reversible perfusion decrease in perfusion SPECT showed lower perfusion reserve values in H,°0
PET. Conclusions: Myocardial blood flow could be estimated using an [CA method with ensemble learning. We
suggest that the ensemble ICA incorporating non-negative constraint is a feasible method to handle dynamic
image sequence obtained by the nuclear medicine techniques.(Korean J Nucl Med 38(6):486-491, 2004)
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Fig. 1. (A) Dynamic H,°O PET image acquired using ECAT
ECAT47 scanner. (B) Summed static image. (C) Tissue
component image obtained using ensemble ICA in this study
(the image was transformed to the short axis).

N4, A2 W73 B S ME FVHCE 59 4RER
H5o] 931 A e o5 2 4E-Eo] PET 94-E 74
B vAE Gl gebiths 208 44Y 4 It 5
PUEEAY 24 $3% TYNEPE 2 5P 59
HEE U 71EAE FA) Ho} b= AolT), 7B HSO
PET 94 240 48% SRAERANANE 348 534
£E 7+ A% AEZI(jint entropy)7t Aj7} HEE 7=

ook 4

A WA £RH0E YB SYPRES B P
o gseet?
o) SFAAE % SRR I AT 1TAS S

A3 olF flato P Q’k e AN HEE &
HAREAHE ol g3t &, SEAER 715X ) uigt
YEEIEE WELL “ﬂ°]7<]°} °]i°ﬂ oJafA EFAF gt
EEEE SR ol ()2 AFFERTE A3
3l W o) x| kA © & posterior probability = (likelihood * prior)
/ evidenceZ EHFHYth Kullback-Leibler ¥4+ Yehli= 2
(2)e FaF FERY Zolg vepli= Lo, 2(2)o)A A
FHEEEE A dYsHA 2(3)3 22 2o] dojAn},

:\9-@

P60 | D, H)= P(Dlz(ﬁ?%e'm )

D Q1 P)=(1n|—R—(§?ﬁ%’Lﬁ)—l>Q @)

D (@1 P)=<1n (6)P(D]| H) DQ (3)

KD\ 6,H)P(6 | H)

ol 4()lA P(DIH)= ol B3 FHo] oMER H(HE
wash AFHOoE ()} 22 HEdTE 72 F Ak

olFA FHT THARY FEREG AA RETY Hol7t
27t HES SPAEH 7I5A] PEE SAHSE HAA
7H AF e Ze ot

488

DK,_(QHP)=<1nI 0] 9?(11(51%(9 ¥ )>Q+1nP(DlH) (4)

Cr( Q1 P)=(1n| D] 0?%},(6 |H)|>QZ—1nP(D|H) (5)

|

A(5yoA vlggert A2 2 W dEeE FA8 U
7h=d) wiiEge] RA4E - In PDIH) 2 EE=E 2dA 2
AslA Ak, ojF2A vl g5 A4S WEF O E A
gl Wi e PEE SgelEia S, o3A HE
S ol &3] SYPYFEEAS A3 sl7ke Wel HE
EHAAREAY I}

wo|x|¢t o] ol oJaiA SYJEF 7153 PBe tF FE
BEZRE EAE0) U3 FEEXE GA A dsiA
= 4 FEEIIT AFHSE Agololof it £% PET 942
S5 3¢S 2A goruF ugAAlkE AL g £48
7H-A9F B3 (rectified Gaussian distribution) & $EEEZF o]
43k,

5. dlole AFst 1y

ACE AZ#F SPECTE #4719 Hilrle] ARARE,
PEUzges) FEAANE NEEE FAG FAE AL 7
Z0% Uk K0 4 A2 PETS 85342 4897 9
gollA 44 AFFFE 4 F Y S8 T RIS A
Abste] 71 434S BT E3 PETY 97 %i =
Foz AEWzqdL AR FF SPECT 23E 25Utk &
g8 A2 SPAE I distd 42995 F3HA 999

{o

& ZAFd B2 PET 7% £4
A3 g2ol gle FEF gl FES 50% 7

ToE LPT—°1 F271, #3714 SPECTY At #AF9
PETS] Adl ¥F%Fe £HUE vt

7. A2 A5 SPECTS} vl&

#Eu zgdadM FFe] AAR BN AIAF
SPECT 47 % EA3 7HAq R/ "./:\_7]- e B2 Ql
= BEE Ry, 47k i 8F ANs(F
Y52 Faio] mwEy st

2 1

1. H,°0 ¥4 47 PETAIA 9
o83 dF AP}



I s - 5
012 O B 170 PETOIN 2atE SYNBEHHS 08T 42 25 229 ¥

Fig. 2. Independent component image of each cardiac com-
ponent separated using ensemble ICA method. (A) Right
ventricle. (B) Left ventricle. (C) Myocardium.
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Fiq. 3. Absolute myocardial blood flow values measured using
H,°0O PET of rest and during stress. Perfusion reserve was
significantly different between the segments with and without
stencsis greater than 50% (P<0.01).
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Fig. 4. Relative myocardial uptake measured using F™Te-MIBI SPECT.
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Fig. 5. Image confrast was improved in myocardial component
images using ensemble ICA(A) than using NMF(B).
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