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iRz DOLRZERNFESHA K. EXLep =, Al
HH At AR EIMG B VAR, ke T LLIA 2] 1.0; i)
PRI AT OGS R AT AR RS, A S A AR A
ZE b0 05 G BRI E5 RE RS Al & DOL, JI§4 DOIT i
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H(2) 740, PET RGN RBUE SERMZEIAE
R AL, AR R AR R B S B G, T
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AR e i b AL =420 2 SRR % AR B
A 5 I i) 2z (SR 2 52 A2 2 0 88 Y 2%
B, B Ak BB THEE ST AL
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/N PET g REENERER) G
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LI = R AR ESAS . IR AT R B I = 5 VA % A 1A K, FrUURMESHE/NT 1 mm AR, YR HER N

Gt TN PET (R F AN [R) 38 i 1] (0002 i
PRIT IR REIE B RS 73 R OGR4 2 BRI, —
e 5 ~ 10 mm,  JEEE S PR PRI A% FLAT AR R ) AR
wL AHERI S O AL B N R U TS, AREHIR
JZ (<10 mm) AR GEIZEAN T 1 mm fA7 5 7 B
RO, HAR T IR PET [ 4 J2 K 6404 /S 7]
(1753, i EE A R A D420 A (0 44 23 B
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LSO S{k¥em 28
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Kl 4 (TELeR2 L) XUt PETERIN &5 1) 44 S v Al ik
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R 4 2 0B e Es 04, bR
R BE Y RS, TR ZEAT I TE 2 2RI, PRINES 04 %
AWk b, AT E T SIPM B 1) 78 40 5 Wi
BRI A5, ] DUBIE R i 2k e R4 1 BT v 4 6 1 /s
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(a) B PETHN SR &, A FHPSAPDX L H 14 x 14 LSO BESIM A5 2119 (b) Ao HrE (o) R EEm R th 2k, fkk

/I40.43 mmx0.43 mmx20 mmo.

Wy 7K U 1 52 56 [ 1 N7 DAE R ST e B, e N
KAFSAE ST 73 W R T — & v Wi b BUIK R PET
JA R G LR G T NN 4 W A X B
PR 25 20 5, LSO AR BE 51 24 14 x 14, /) i iy 445 K
/N 0.43 mmx0.43 mm, Kk 0.43 mmx0.80 mm,
mi RGBS 13 mm, B 3 0 U7 B PSAPD R URIE D 8
mmx8 mm, JEifiK 7 FPSAPD R BHIF N 8 mmx 13
mm. 1%/ BN S PET & 48 1880048 LA 7= = R

FETE LSO BEFERMI S I UL 5o 28I FE iz 2R 45 (R R
JERHEE A 1.7 mm, 4 0.3 mm EA**Na £
0 A2 PRI 8 () il )~ I AL B A HE A 0.61
mm. RSP ME K7 mm, £ ALY S 40 mm,
ARG AN R I — 4 ML-EM = &8 5k,
B4 0 0.3 mm 122 Na SR R G H A
P E A B R T I, E LA A R
RUREVBAE =T 2, 49 2R GEH) Y i 58 47 B 4y

K5  (FELERE) /RN BGZPET R Z RN 57~ = K (a) XL ELSOMEZIER M #% (b)
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e, NE PRI B 22 Na s IR BGOR & 4)
P e g5 R 6, 45 R WIAE /N B A% I v
Bl (71020 mm), RFEMDHERE T 0.7 mm, V3%
Iy 0.55 mm. LA S| T A EAN (IE L7

Spatial resolution/mm

K 6
E(b), P4 HE% 4055 mm

WMHEBPETHE RS

LA F AR BTG AR R
JEAAZ —, AR R N AR BE 24 5T, PETY
CT M PET /R 3t ¥% (MRI) & 2 85 A 5 4% 1 s 1A% .

4.5

N =R

B — i 5 PET B MRI A LE, XU PET/MRI
A0 R SR BLAE: (1) PET I i R B SF 1 L) e
JS AR R MR (1 55 43 H% 28 MR 350 B f8 B4k (2) MRIFY
fif 5 P A5 mT 9 Bh PET SE B Dh e G e 0 RLar i (3)
MRI () fif 5 4G nrAE b 5 36 46 - T PET K& ¥ &
#; (4) MRIEME T PET EIZ (1) 3 A2 3% 1E
(5) PET A LURIR 2 1) 56 MERE L9 B0 R 85 4 ke ok (150
SR 2E RN Th R IL ), RIS B AN B A AR B R,
SIS AE 96 5 TR Af SR A T W (6) PET 4241t
) ¢ %f 52 A JE m DA 0 — L85 1) MIRT 5 45 AR 1)
k. MU REREAT A4k R 1) PET/CT 2 BB AH L,
PET/MRI 5E 3 T B 1E 19 [R) ol 45 R 38 1 i 4 1) 4%
Bk, 3 G T A8 G 5E T 5 1 BRI o A s oK (1) 3% 22
PET Ihfief 85 MRI 4584 {55 5t PR b m] DLAE of [
8] L SEOURE RS, kAt MRISHER T CT 25k 565
Fi, PET/MRIHIE AT )L G R R —9 AT
ZUAE s HEENE TS, MRIWCT A4 H
UFIARA SO LU, I AR AL R 2 I Dh e AR 245

PET FI MRI [FAERCAT = Fh 7 B — o it
R, KIA T PET MU ILHR R Gk AT — L0187 B 10 1
BROG CEAE— S, B R G A S T BUZEAR K
PR BAE LA PET MR RS0, (HE TR ARE]
A7 PET ATMRI g 5 —Mogdif X R4, wib)
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0.2

0.0

(TEL R ) /N RUPETHAG 2 G807 H 43 H 22 I 549 21 11972 Nausd U8 G (a) FIER 8 = AN 7 1) (¥ 2 % 9 A7 143

FERMINES G T AR SL 2k ) BRI N3 PET 73 954wl Lo
BB RIRR R A i PR 32 2 A A T B 20 10 i 20 3 R
JBEM AR &, B0 2R ek i ML AR B, WP i
BT ey RN /S B4 5 R R

8 o] (b)
b ®
b a
A F Iy
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a Axial
1 |
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B

— AU AE PET UG R, JAAIH MRI G R4 2
t, BHTRIB PET AMRI % 56 = F2 B R4,
PET £ #5 F1 MRI 48k 56 A4 — . Ja P75
(A 2 B [F I PET RTMRI AR BE 7, B2+
AR EAEBEEZHHE. 20064, 0N K 2% 58 4E 10 70 A%
SEHGE SR H PSAPD FIfE 4T 455, IR S 4800 2%
LA/ E Y PET g 24000, [m4E, 78 [F F i
RS20 % K 3% 3 APD FE#1, BRI o9 — B 2%
RSB /NEh ) PET g R P78, R EA 1T &
T &5/ PET /MRIGIEPER FHBFF 5859, 4
FPET /MRIGUE I A A I A K 53 15 AR A BT
P, IRZWIE N PET s 248 O ih S5 i
REIBUELERHR 2 A B 601 BiAT RS AN Eh i PET
A% R GE PR REFI B PET R ELIE A — I 200,
W e BERE S 25 /N PET Bif% R G Wih 724 J5 L
SEATHG /N PET A% ORI B

4.6 FEEL

b T WERERE AL R /N PET G A 1)
O U AR A S A R R R T R A K
N E PET B4R SRR PET WF9T ) & B0k B R RE
B, TSR AT 2, 5 [ A P
SNEMAKRESF, M KA AT PET B4k H AR
439929 25, 50 F1200 mm, /NS A7) A T
MNKIGIR 8% NEhH PET AR F0h SO 250
HARTT A I MBS AN, X1 22 B0E PERIHE 8 JETFUHAD
AT EIATHIRR T, — BN PET i RS4RI
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£ CT, 5 EE0n] LR B R R BCAGAH 8] (9 7 53847 4%
Bl A2 1

L GE 1 — HEE DY S BE5% (FBP) T 500 AU i i
B R G AT DA A B 8 45 A0 3 Hh AT e
Jey S DR S A T E AR A S, B R T R S v RR AT
A2 5 R B 5. T = e ARG JF T
S I AL (OSEM) Al KSR 2R (ML-EM) 2%
HATT LR #75 [E g R4 )L (BRI 2% DOIL A
Tify 2 200 7 T4 0 e B e ) 850455 ) N PET R A ) 4% R
BN (IE H SRR, e AR SEER 0N A2 i A 1] 155
) A A, JEAREVE T AR R PET BME (47 & 5
e EMELCRE RS T, IR B D . (HIEARE
5 B I H N R, R AT R g LA N, B
FIEA K I, BRI o B SE , (H 5 R,
P 1 e st 3 0, 7% AR i 0T AT 45 W o 5 38 1 0%
RRUH PUAEIEAC SV O 2okl ) 32 s & ] T &% Aol
N PET A8 245, 78111 Inveon D-PET /N3]
YW PET % 455151 &) F 1] Mediso 2 7 (1) NanoPET /s
) PET &40 4L FBP & £ 21k OSEM 4%
BARE H T

ok PET BUG E# H7ok 32 PET SAG10 ¢ A
JE—H R ANEEMPFRSI, UL ILAN T RESE
B AT /NS PET TR AT 3y e (1) 51
FWRER: T WFR T ORI & o R 1/ B
YPET iR 5248, ARG B H 2 ko, ot
AT T VR E 23 9 R B (R 5 0, T REAEAE R Wi
M2 (Line of response) i H il g K - &= 21 i) A
K, el K R AEAif RAL BE R 2R sinogram LG (151 %
B R A, (2) AR SRS R Bl
A ZBUNENY PET #ilicA CT 5k MRI, 1 CT 8{ MRI
D75 380 1) w5 o P R A 45 R AR mT LA A SR 3645 R 5
SPET iif%, R PET EBURMAS A0 HF R {50 LA
ERAGEE. (3) AR EEEL: PET BRI FinT Ly
R PET MR RGN LRI PET 547 35 ok R
AR Ok, RIS 0 S5 R £ (point spread func-
tion, PSF) ¥ g A sl 2 b — AN E 251, PSF Af
DLJE b AT T 5 S8 R R B s 56 W i 19 3,
PSF & i 84 ] DLk ik PET ML 040 J 6. %o L B Al
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Progress of Small Animal PET Scanners with High Spatial
Resolution and High Sensitivity

KUANG Zhonghua''?, LI Cheng', LI Lanjun?, HU Zhanli’, ZHANG Ling', TAN Siqing?,
ZHANG Jian', HU Qibin', WANG Xiaohui*, YANG Yongfeng®

(1. Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, Guangdong, China;
2. College of Electrical Engineering, University of South China, Hengyang 421001, Hunan, China)

Abstract: As the most sensitive and quantitative molecular imaging technique, small animal positron emission
tomography (PET) has become a widely used tool in biomedical research such as in animal model of human
disease, development of new drugs and the evaluation of new therapeutics. In this paper, first the history, the
efforts to improve the spatial resolution and sensitivity as well as the commercialization process of small animal
PET scanner are reviewed. Then the factors that affect the spatial resolution and sensitivity of PET scanner
such as crystal size, detector geometry, positron range, photon noncollinearity and imaging reconstruction are
discussed in detail. The depth of interaction effect which hinders the simultaneous achievement of PET spatial
resolution and sensitivity are also discussed. Finally the recent progress made in the following areas of small
animal PET instrumentation are introduced: (1) high density, short light decay constant and bright scintillator,
(2) compact, high gain, good timing resolution, low bias voltage and MRI compatible silicon photomultiplier,
(3) depth encoding detectors by using different methods, a detector using dual-ended readout, identifying 0.43
mmXx0.43 mmx20 mm crystals and achieving a 2.4 mm depth of interaction resolution was introduced in detail,
(4) small animal PET scanners using depth encoding detectors; a prototype scanner using high resolution dual-
ended readout detectors and achieving an average of 0.55 mm spatial resolution in the whole field of view was
introduced in detail. (5) MRI compatible small animal PET inserts and the advantage of simultaneous PET /MRI
imaging, (6) image reconstruction and data correction of small animal PET, the filter back projection and iterative
reconstruction algorithms are compared-and a few key directions of PET image reconstruction will be presented.

Key words: small animal positron emission tomography (PET); PET detector; high resolution; high sensitiv-
ity
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