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1 SPECT/CTAR a5 e

HSET RS ALK Z 34 (single  photon  emis-
sion computed tomography, SPECT)s (51X &A% E2%
RO REZAG IS W FEmt 2. FIHBEART- B, 5
SPECT I #5 I 23 [H] 43 BE M R BB, 2 AT IR
SPECTHIFE (1) B A i 3.

1.1 SPECTXAHE BLHIARNSGE
LA 2 15 48 SPEC TR AR 45 UAG # SR 3B )

BES, #REE, BATRATEANEEE, FRTAMMELHE

H D RE BRGS0 77 ), H T RUR B2 [ L.
X S 2 0 B ) SCRRAIUAR ME B, MLARME B A AT
SPECTHUG M H B g br——25 [ oy HE e e REgUE, H
RERI 0%, BRI T SPECTIR A4 A B 23, (&4
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(R HLAt T AR SR 2R U ELA% . i fLARvE ELAY,
1 O L RS LA A 4R TR A M RE S SPEC TR &%
(53— B g 7 0L O T I B U e B SPECT %%
Oy PERFIR IR, EEREMaZE NV T
(FRIIES) A HE A SPECTHURH AR, ZH AR ORI =S
(] 73 A R BBURRER I 25 UG e e B, B ME IR B e
B ST R RS AT T o LA A L D e, O 44
HEELRS, P2 THMRCR.

1.2 SPECTRFFHMZSILIL

SPECT B # £ SL iR I % £ 22 B 4E AL AN [Nal
(TOINMRARZEIRS, HOCH L RCRAL . REE ¥
Rz YA, NRERIUES B T3 A ARk R s Ak
Bi(LaBrs) A . RERR4Z %% (lutetium  yttrium  orthosili-
cate, LYSO)dn A . £LER45 A1 18 f1 (gadolinium aluminum
gallium garnet, GAGG)fik. GAGGHRIAEA =™
B, BLEEARS | PRIEDE R] | JCAR RS SRS T A
Bk, A SPECT &R B AR TN BR AR, 5 T
INERERINZS, 19964 -t B ff(cadmium  zinc  telluride,
CZT)FMER I, LLCZT AR M2 SRR 25 H A
B BRI AR A% B 2 AR A TP AR BN, R
SPECT# 74 & JE it frp iy« LR, 5144 SPECTLHL
B, CZTHRMZH R . Rl m, B
RO STAES, CZT SRR ZR R I ARA T Hroe g,
WAEER L F AR | & HI4E B % (application  specific
integrated circuit, ASICHEA | TREE % ] HOARF LA 47
RAMER RS, HAER 245 U N ROk 7, B
H L CZT-SPECTIRATEA 5 . Bl A0 M A5 )
7M. (G SPECT I £ 22 AR Sk B =443k, R4
JEAK. RS SPECT IR #5 R %, IMESPECT ., 33
L & IRSPECT RGBT A B A5 & J& Jr 1) i
(R — A~ A5 S FH 2 181 52 A 22 3k BRI LAl 5 4 B AL B
SPECTHR:k, A B e B ah It T iekkiz sh, LAE
BRSSO RE AT ) X G2 IR0 D A FH AR 30 8 2 B
2 HuhE NP T — Rl R E b CZTHIRE
PALEATHLME E A AR AL B 0 ] AR L AR 22 PR SPECT &
g5, R/ RAERT R R A . Huh AR
T3 ECAT SERE A 1E ELAR N CZT 2 A SPECTHIH Y,
ALK RE R R R 510250 keV, H# ™ T Lu i
RAE B AT R SCHESPECT RS Wi f. 20244F, 6k
BT FeAE E N2 T B 7360°42 315 SPECT/CT
“VERITON-CT”, J&&3RE #3712 SPECT/CTiX

2

7%, KRR E A, 2R R K. B ATEoH
HARSPECTE K T CZTHI3DEISPECT RS, A M4
f % (StarGuide, GE HealthcarefillVeriton, Spectrum Dy-
namics, PAES))E FHi), HCZTA R Hl i A — B
S A R BRI, A6, 2B S PEs &
FHR 2 RIAE AR AE 24T FLUE ELAS . Slit-Slatifi LA
PN FHEERE b, VTR0 ] F AR (GE) & ) R
M AT, AT R SR L [, &
XTIl FHSPECT RGN RBAEA A #0 B A5 B i A 153K
JEA ) B, 3 AR Ok 22 R ER i L JLR 2R B L
SPECT RS Wbt & th ok, 4o L AR 1Q- -
SPECTH A . FLERSPECT UG H A AL AR L
AR BLR B AR, SRk BRI NGEHE T 8+ 1k
CZT SPECT-LEE FML, Jelk By .ot & HALD-
SPECTZEA RO NEL HISPECTIR £ T i 5 A %
#55%.

1.3 A

BEFRE (4 . WIHACIE . UG A A A
#, SPECT/CTE mEARTEAWH A, HE T SPECT
SUVZEUHET, 7] LU 50 MBF (L LI ) Al
CFROEER BN G 55), W EERAJSREME . IR
FRAEATIS I RO L [lRE, N T  f(artificial
intelligence, AT AR H T SPECT EIME Y 25l F153- 3
Rk A A A E . MG E R, A E
TSPECT Gy vk, 1 I 47 L s 2 s g 2200,

2 PET/CTiX#kgE

PET/CTR A R 2 F AR 45 P i R Jealt (1 43 T3¢
1G5 g 22—, T [RB A PETYI eSS FICTR SIS 14,
XA A RIS . RS . PRI . BUS TR
KA s e H w4k, PET/CTIR A
PRI, B KL B, 2B FPETH AR N
KRPETE A HI—A KT 102 E=PET/CTEFR [E
g LR B O pLE, ENPET/CTLEA
TR, 20234F LABKEE BT = i AR E = PET/CT
TEFR AL (5 E44.71%0 5122,

2.1 PETIHRSAIAEIA B

PETHI N KR AR AL ER, 1) PREZED IR
] mGH L e AR A S AR PR A A AT 1)
J 22 LI T DR ARt PR G BRI (Nal) L B R B



(bismuth germanate oxide, BGO). 4L (gadolinium
orthosilicate, GSO)%%, H Rl FH AY TN KR A AT RERRES
(lutetium orthosilicate, LSO). HERR4Z4&(LYSO)%:.
LSOFILYSOM:BER 24, LY SOINKR s A 24wl FRPET
ARG IR FTAARRRL, LA HEREIRE, mHRls>H
i, #HES) T PET4L RATHS ] (time of flight, TOF)35%
HEREAR L, FFREAR T GRS, e T (5 LL R 5
320 JEAESR, LYSO:Ce(SlitsZeiEMasz i) kR
Wiz 21 = N AMBHIFHLI SGTE,  INRRPERE A K AR
Wi e, FTERELY SO:CefhiRmi M M HTPET BE & iF 7T 40
s R N B IN RS, E N 28FEPET Digit-
MI930., [E4NG[]F Visionllfi IRPET £ % FH M RE 1k
ILYSO:Ce. LSO:CelNHRimIA, SZELT 249, 225 pshif
] 5 WA P72 LY SO:CefiAhin T 4R BT,
0.32 mmfE R MRS A/ NIIPET, Htsibas )5y
PR A[340.6 mm®”. {2, LYSO:Ce AT A 1444 0] 5
FPREA TR, WILY SO:Cefh AR IR & R i
RBA DR G R R X RS B 4 )

2.2 PET/DMVAEA IR

/N ARHURPETHR Sk B B B4 14, HERTHFRAY /)N
BHSEIAPETHYZS (] 73 HE, RN, WHZ &R
XA HEAGER . BEE BRI, IR/ AR
A E A HFI4.0 mm*4.0 mm~6.5 mmx6.5 mm,
[ 2 /N AT 352,35 mm»2.35 mm!*®),

2.3 PETYHUEHZSHIR g

PET 2 4t Y (1901 H e 4 2 411 DR AR ot B 13 P91
BEGIE TR N LGS, BB R FHORI L JE, Stk
g AL Ge R G L A5 545 (photomultiplier tube, PMT)
&R E G H A% 45 (avalanche photodiode, APD),
PR T2 SR T 2RO G R A5 #5 (silicon  photo-
multiplier, SiPM). A, 55 L ZARAE UL T R
KIPET/MRiE A, SIPMEAHIGE R . RSB |
TAER AR, BIRCER . XA ERSER S, ©
A HATPET 307 dh (L FE PET/MR I #5 1E NG HL A%
A5 0 B L. SIPMEIVE T2 ARWEL, ssE Al 5%
SiPMJi5 ¥ A 45 53 1t ASTCT BE 7 ] 4w B2 11 457 (field
programmable gate array, FPGA)E1TAb PR AEH i, #F—
K SIPMEREHESE 2 HA FEAR R, 42 T PETR ALY
REROY, FRE BT Al 201645 & A7 N 1 5 A ERF R
ffiScintCare PET-CT, R JHSiPM HAZ Lo 7= 2£90%

VL b, T8 T PET-CTA: = K 1k =AMl ZB W R 100
HTSiPM B -1 [] 43 HE % 530 72 100 ps 247, 1M
TOF-PET R GEH} [H] 43 PR AEIR 10 pshf LG 72 4%
W] N TOFfF B R HHPETEIE, [HILSiPM
Py P BB TG K A Ny USRS Y L B 4 25 1) R
PEREZLRE?. B2 SURTHIVE T2 ARt &, K507
WAL NFISIPMY, SiPMiHHBTEE S, InEERT
SiPM (digital SiPM, dSiPM)f{J3I%, dSiPMAFPETHM
HfE B R B BTKE. (HASIPM i b T A By
B, RIBEBIER, BRI, S5l s, KM
B AR RSB, (CE D BULR A FfEH dSIPM, 40
Vereos PET/CTZ G MK T dSiPMEE AP,

2.4 PETRSHMZS L

PET 2 Ge iR 28 i R PET 22 40 (1) R0 1, AR
PRI 254 A5 5 2B A] 2 LI 28 B 8 5.
TR GEHRIN 538 5 AR, T2 AR, Ok
P B FIASEALLLS 5 b PR A B o s A — R 4 R, A5
FUFRI & T B BHUF S W B A5 5 5 A AT
LB BB, BB CH RS F K e FRAR R KR,
B BRI SR . BCE I SR FH AR A i 152
1, BIRHUBER FASICE # FPGARE AR, Hili A &ot+
feht . N E AR EE B AU E Y. BArder i g
BB E AR BERTR], (B BEE SR A b AR
B, AREREEPETRSL M EAMEREDPY. F-
NeuEra RFIPET/CTH % H £ & 164 iEPET & H
ASICiEs |, fff RGe: AL 2 [ PR Se K F, TOFR[R] 43
PERIKF180 psh ). [EAMXITOF PET ASICAIS i #F
FEORIT Rt w3, TEE PR SRR PR [
RTFERIG SR AE BB Ty 1T, e (R 1 45 P ] T Bio-
graph Vision PET/CTHRZE R M m RBUEHMIGE, K
E M ASICLALALTOF YR, TOFHT[H] 73 HE A 3k
214 ps.

2.5 Sl PR A

T IR BT Y R/ NS5 PET & GURE B AR 5, o ) 0 B
A, WIPET RS A USRS . B AT HPET/CTiX 4
B AT 276 15~35 cmB L, /)Nl 1) 1L S 11 ) 24
TPETR G IR R M A IER, HEHUEILE R
1l LS A 20 emdRTH31200 emif, R AT
TFAO5P), TR R A 36 1Y 2 — I B8 F TPET/CTH
Y IR E200 emy, R ATEETF4~5
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FED3 R BT RSE NN K2 Davis /34 (UC  Davis)
A VER & Al AP 4 B PET/CT  (total-body PET/
CT)i%£uExplorerii FH TR, JFF20194F4 H %% e
B HRAERE A IR, %IR8 B Kl 1) P ] ik 3
194 cm®") BEIIPETH M AL EFE FE, v AR R PET
R, [, 25 PET/CTIRALAY REUE RS, WK
AZAIESE AN PRIV TF BB B Pl RE, AR AR
Pt g . 5h5%. B, #mEr100~150 cmfy
ZHKANPET/CTHL ALK [R] .

2.6  KATIHE(TOR)EIAR

TOFHE A8 15 I 5 P 2K G F 2 IR R 45 1)
AT A (] 22 R K A, SRR SRR
SEH LIRS IR, FCFPETH R4 & JE 7 ), AR
HATOFRE I WPET & &, TOF PET5IETOF PET
F A, ELA ST 1 W e R O g (A AR X EE, T DA AR
T PR R, Bl I PR X TOFE AR HE A, NEMA
NU2-2018 5 245 il AR HEH I T TOF I (] 73 B R A5 4,
FERIE T HR 7 k1, BPET ETOFF A, —1t
TOF-PETH#HAAH FH ()2 J AL 4 (CsF) 3 Ak A1 (BaF)
INERIER, AT SEBI450~750 psHYTOF I [A] 73 HE 8, (H gk
PRI SR FD N 1 BAIK; 28 —ARTOF-PETHI4# AU H
FH B 4B 5l i R £ (LS O: Ce) Al HA #8 (L) FE TN SR A,
Al SEFL450~600 psHY TOFHT 8] 33K, HHAH &Y
REBE S [ 5r B, 05 —fRTOF-PETRZ AL H
TOF-PET#& %4, Tt 584 (SiPM)EI T
200~382 psHYRF A 7 FER, H R B KRS, E R
WEIY . REEIFSEPETA | KAl & A B PET/
CT##5 TOF[a] 43 HE #1200 ps. TOF PETRSEM
6 HL AL AR R PMT T2 i SiPM £ dSiPM, {2t T
TOF/HERA R, TOFAFERAHE & AL U T EI%
FAFARMIF R, B (RTINS B AR A
BB EL, B 7E R ShR NIRRT RN [RIE G4 & i
FERTPRAERIAL AL, (HH RIS 11 keV yIFZR 1)
FFr= R Turtos¥E AT TOF PETHRIN A
PEREIR T — R AR B 25 MM Sy, B AR
WRLES 7 S RS F SO N R A T 1 TOF PETS:
SEFHE.

2.7 BURE AR IR

RIIPETEM S AL S 2 5 54 T G2 DE A Y
T B i (filtered  back-projection, FBP), #x KM

4

SR B I (maximum  likelihood-expectation  maxi-
mization, ML-EM) . 5 T4 KPR (EE 1 (ordered
subsets expectation maximization, OSEM)5%. FBP2f# 4T
Bk, PUMRARE T 2E; RIS @B s TR A,
OSEM# J 1, XHML-EMAY AR5 R 40 ek 1 2
o RS, SRR R, 5 AEOSEMA A
Fehilh AR IE, Az iRt i DU AR SRR 5A
% (Bayesian penalized likelihood, BPL)*\. J53KPET]
BEAERABDEER L, Flun: 3SDEEMEAL. 3D
LA 7 (three dimensional reprojection, 3DRP)., 3D
EACHE AL, 2DRIMGE A B TR, RO & 3DENR E
BHARRA, Srrhas i, R e g
PETE AR, UL T TOFE A | T 51 R4k
(point spread function, PSF){ R iE B A A | PRI T45
ARG T ER A ERE. pEE N TR EIR
G, TR 2 2] BPETENMG 3 A B AR iy
Sl g T E AR R A SR A PET K
BFII L—EFEAR, ZRE RS TN T X
SR AR,

3 PET/MRiExF5uEE

PET/MRIZAH AL, 1 1F HLF & 572473 (positron
emission tomography, PET)FIRILHR A% (magnetic re-
sonance imaging, MR H, 3R T E2ARUGHE AR
JrIES) R LPET/MRI% % T 25 RIS YT . il
FHHS(GE) . 7817 =AY, {HPET/MRAE
e A L 57 FH i Ak A0 G B B, Bt H AR it 2, HoAE I
PR R 012
3.1 ik

Bl WG EPETHRIN M B & 2, PET/MRi%
U R 2 DTG R T . B A A
K&t ERRLPET/MRIE T =AN BRI EE. Biwi
U BPET 5 MREM 73R4 Higss b AR, #)
—{RIEPET/MRIZ A& B Be A FHIEE X LS8 TPET S
MR EIEFE], [FZsiE] . AR, —&LPET/MR%
B B AR EHAR =R, H
HE R F M PET/MRI 4 2 i —R ki1t Fifi TOFH:
REEE, e T B4 TOFIHREAY—A1LPET/MR £
44 IREBSEESFUPMR 79080V L FR R i G it s
—&7HEETOF PET/MR %, AN T T E 78 E i BT
A& B AR AR Y 25 .



3.2 MRS AL

B R IRIM A AR BT, NRPET SMRAYIRZE
PR, B N R SR A RE R E8 (LS O) . RERR 448
(LYSO, LBS)INMRSHATEIRIRHES, 8085 E 5 IN IR
AR ANRERR S EL . RERRELAFRERUSE =, S IMMRREE Y
B e = e O g i Il O R 4 g o AN I
ek, FIPETG LR 88 PMT 32 W 5 W G I 1
PET/MRZ G H i FH, Jo& KX AN U A =5 i e i, —
1 (APD)YBEIIF Il AL IR T PMT, 184 1725 — B PET/
MR—{£&#LBiograph mMR, {HAPDI[a]/3HER 2%, AfE
FEHATOFEAR.  H B E  FE e 28 STP Mz i B,
APD, SiPMEARBUN, REER . W PRI
Fe, (ESFPETEMAMRESE S, BY I —{K{LTOF PET/
MRZ G 4. SiPMXHELE H A RURR, bl T 2 a4
RERE, ZA AR, Aok, BRI
WS, MIESCL B Rk . e Rmsk
R, PR — R AR e T 2 B, SCB T R
MK TR IR 4 MR, [R]B— A fkids B (R R 1B 7
PET/MRHdi ], 14k T PETE 45 01,

3.3 BARKIEBIAREE

iz Sl IE IR I8 A K12 2l T B0 Vi A AT T 12
s E LRSI DL A A A GEPET/MRIEPET A
WANGIPERE LT PN KR ARG MR AR e O s
ki, —RALTOF-PET/MRIE i #2415 Ik JE A ]

FF AHVC BE AYMREEVEAR IE 3 R (MR attenuation correc-
tion, MRAC)X W2 Bl A s A5 1E B s i i IS4
it OB —RAKPET/MRIGE i D RIRAE T2, A2
iz B {5 B AMREFIR T 91 R A gt o7 A= B Sl A,
PIFESIPETRY T . R IE A ik E A L. K
LA T B S kS, Bl AR A,
SOHBR T TSV BRTE | B R R R 38 S AP
AN, EHEARIE, HRIE R aiEiEE s . B
WL YRR R AT L),

34 Hith

TOF % A ) i i — 1R AL PET/MR F) 3 A4 71 4 3k
FERIESE . AN TR BEE ARFEPET/MRIP G R AR I A
G AN, HESh TR B 2 AR B AR AL RS =
E°d

4 JEB

WE KA R E2030"MRI4E ) F1 (BEH
[ & PR R R LR (2021-20354F) ) , b EZE
RS T R R, EEREORN KIS T, #%
BRA 10 K RN, LR AR B A B2 AL ks K
$ETb. BHE AR AR, SR BAR RSt i &
B E R 2 E AR A 2y h O B, e oA
PRSI HAR L R, A% R ARG 5 B A [ T 4k
A TR R A .
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In recent years, the government has offered substantial support for the deployment of large-scale medical equipment in
medical institutions, the production of medical equipment, and the development of the medical isotope industry. As a result,
the nuclear medicine department and nuclear medicine imaging equipment have developed rapidly. Along with the
development of nuclear medicine and the gradual increase in clinical needs, the installation of nuclear medicine imaging
equipment represented by SPECT/CT imaging equipment, PET/CT equipment, and PET/MR equipment has been growing
year by year. In particular, the number of installed domestic nuclear medicine imaging equipment has been increasing even
more rapidly. This paper reviews the current situation of nuclear medicine imaging equipment through research, introduces
the technical progress of nuclear medicine imaging equipment, and looks forward to its development direction.

As nuclear medicine imaging technology continues to be updated, more advanced nuclear medicine imaging equipment
has been put into clinical use, and more new technologies have gradually matured and been applied to serve clinical
practice, benefiting a wide range of patients. The collimation technology of SPECT equipment has developed from
mechanical collimation to detector self-collimation, the detector is developing from traditional scintillation detectors such
as lutetium silicate crystals to semiconductor detectors such as cadmium zinc telluride, and the technology progress such as
physical correction and image reconstruction algorithm has greatly improved the spatial resolution and sensitivity of
SPECT equipment. The research and development of PET scintillation crystals and the technological progress of small
crystals block technology. The photoelectric converter has developed from the initial photomultiplier tube and avalanche
photodiode to photoelectric multipliers and digital silicon photoelectric multipliers. The axial field of view has been
continuously broken through from the traditional 15 to 35 cm and the current maximum can reach 194 cm. The time of
flight is getting smaller and smaller. The improvement of image reconstruction technology and other performance
technology and technological advancements have made all-digital PET technology a development direction of PET
equipment in the future. The structural design of PET/MR equipment has evolved from a dual-room separate design to a
single-room separate design and then to an integrated PET/MR design. The progress of hardware structure has solved the
compatibility problem between PET and MR, and the data correction technology has been gradually improved, which will
make the application of PET/MR in clinical more extensive.

Recently, China has released a series of major policies such as “Healthy China 2030 and the “Medium and Long-term
Development Plan for Medical Isotopes (2021-2035)”, which has outlined a beautiful blueprint for the development of
nuclear medicine in China, indicating that the potential for the development of nuclear medicine China is enormous in the
future. With the strong support of national policies, the development of nuclear medicine will accelerate, and various
advanced technologies and advanced equipment will be more widely used in the diagnosis and treatment of nuclear
medicine imaging, which will promote the improvement of nuclear medicine diagnosis and treatment technology. Nuclear
medicine imaging equipment will play an increasingly important role in the future medical field.

nuclear medicine, imaging equipment, single photon emission computed tomography, positron emission
tomography
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