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Statistical iterative reconstruction for low-dose cerebral perfusion CT using nonlocal low-rank

and sparse matrix decomposition
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Abstract: The cerebral perfusion CT (CPCT) imaging requires continuous repetition scans, and the corresponding radiation dose
is significantly increased compared with that of conventional CT. A low-dose CPCT statistical iterative reconstruction method
using penalized weighted least-squares based on nonlocal low-rank and sparse matrix decomposition (PWLS-NLSMD) is present
to reduce the radiation dose of CPCT imaging. After partitioning the sequence images of CPCT, a NLSMD model is developed,
and the corresponding objective function is solved for reconstructing CPCT images. PWLS-NLSMD increases the structural
similarity and feature similarity of the cerebral blood volume map and those of the mean transit time map by 38.07%, 13.17%,
59.73% and 20.26% as compared with filtered back-projection algorithm, and 5.61%, 2.47%, 0.28% and 0.70% as compared with
penalized weighted least-squares based on low-rank and sparse matrix decomposition. PWLS-NLSMD can preserve the edge and
structure information while effectively suppressing the noise, and obtain more accurate cerebral hemodynamic parameters.
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Figure 1 Digital cerebral perfusion phantom

1.5 ElfRBRETMIER

fiff A0 XF 34 J7 #8 1% 22 (Relative Root Mean
Square Error, RRMSE) . 45 # #f ol % 1§ 45>
(Structured Similarity Indexing Method, SSIM ) FlI4F4iF
AHABL P $8 F5%° (Feature Similarity Indexing Method,
FSIM) i 4y H &1 {5 19 Joit & . RRMSE Y 35 2
:T:ty‘j H

RRMSE _ \/Z l(xrecml (19.]) phanlom ( 3])) (20)

( phanlom

HA % ion (457) 11X o (1,]) 73 Bl R iﬁi SEEFIEES
JE AR TE (i,7) Ab 1R 22 {8 . SSIM M FSIM fifi F SCiik
[25-26 |7 LA TIHAR
1.6 kLR

S5 iE PWLS-NLSMD H i J5 v i) A AL , PWLS-
NLSMD 75 1% 5 ASBIFE ) ik 0 Ak A i e 13
JINAL f /)y — 3 T % )7 1 (Penalized Weighted Least-
Squares Based on Low-rank and Sparse Matrix
Decomposition, PWLS-LSMD) 17 H4%. PWLS-LSMD
TIER AbR R B (21)



11

CcT - 1339 -

(i?ii:)zlu(y SA(X, 4 X)) (Y -A(X, + X))+

[l + #llvx.]) (21)

Horb, X INREVE CT e 9 R BORRRR A 0, X b ki
I CT RS EHR IR B o0 1 > 0,24 > 0 S

2 XWERS S

2.1 WEECTERER

B2 25 0 T 3 2 A [R) Oy e 5 A A M E T CT
& FBP ik 45 R b &4 K i Dhst Fgrs
PWLS-LSMD 75 % #1 PWLS-NLSMD 75 % 5 @ 1 fiy
BG5S PR B8 S 3 R 3230, {5 )& PWLS-LSMD J7 %
() I HE 7 CT BHGA AR AE ST A IR P 2 1 HL BB 25
M sh G5Ok, T PWLS-NLSMD J7 12 0 8t Y iy [ % rp
14 PR 5% B Wi P R R AR AR ) ) B A 8 b R 4 T 3 2%

=B

ﬁdll;\ o]

2 BERGET CTHREERER
Figure 2 Digital cerebral perfusion CT reconstruction results
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