Advances in Clinical Medicine I8JREE245 /&, 2024, 14(4), 2390-2397 Hans X3
Published Online April 2024 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2024.1441306

SPECT{ERRIM{¥AEPH T 14 = IK BBk B IR Y &2 A
y¥id s

RHE, Y
HRBERER MRS —ER i E AR, HIR

ks H . 202443 H27H; FHBEM: 20244F4H21H; kA HM: 20244F4728H

H E

g I F 3F RE R TR B RK B (INOCA) B R Fr s b7, B eIk = MER B HBL Tk, BXH#T
HER H SR 40 R AR 1 7 D T e B RPh R B8 T R AT SEHLITZE 434 (SPECT) AU AT BADF
fOEEE S A OEDRE, TWAAESHMA KRR, NINOCAKSTTRUEENE. X5
FEXFSPECTFEINOCAS W NI 5 PPk A BY) 25 b BL R B Folm PR B SGHAT 538

XA

R AEE R 2 AR BRSO, BT RAHTENIET R, RSk e &

The Application Progress of SPECT in
Ischemia with Non-Obstructive
Coronary Arteries

Jiahui Huang, Gengbiao Yuan*
Department of Nuclear Medicine, The Second Affiliated Hospital of Chongging Medical University,
Chongging

Received: Mar. 27", 2024; accepted: Apr. 21%, 2024; published: Apr. 28", 2024

Abstract

The prevalence of ischemia with non-obstructive coronary arteries (INOCA) continues to rise, and
there is still a lack of convenient and effective diagnostic methods. It remains a major challenge to
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achieve accurate risk stratification and individualized treatment. Single-photon emission com-
puted tomography (SPECT) can not only evaluate myocardial perfusion and left ventricular func-
tion, but also has the potential to precisely quantify the blood flow, providing important value for
the diagnosis and treatment of INOCA. The review elaborates the various applications of SPECT in
the diagnosis and prognosis of INOCA and its clinical significance.
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1. 5|15

ik TO% 4 5 AE SRR B ik i 5% (coronary angiography, CAG) i A s H BH 2E 4 560K 5 fikos 48
(OHMBEIME A >50%) [1]. XFPAELEC LR RN (B MAE, R IR 20 ik i 52 70 B 2 i 8k A5 (R Bk
A < 50%) F 9595 B FR g ek I £ S BH 2E 4 76 1K 3 ik %< 9% (ischemia with non-obstructive coronary arteries,
INOCA) [2]. 1E HLF & B+ B4 2 $3 3 (positron emission computed tomography, PET) 2 5. 1112 I Al e ff
Pl INOCA HIFER NI “&brifE” , (HTHHEm S BB E MR LR, AR F IR
2 BR8] AHEEZ T, BT RS TS ALET 2 $3 4 (single-photon emission computed tomography,
SPECT)Ze ¥ i, AL A AR AR E B H 5 T3REG S35k, Bk 0 7t W] SPECT 7£ INOCA K
SRS VPG A B 7141 [5] [6] [7]. X EMRAE R SPECT 297 INOCA B HSLFRE X\ fRalat
e E 5 THE . ASCH X SPECT 78 INOCA 2 I A TG VAt 7 O S FH 0t FE HEAT 483K, A B T nig
Xt SPECT AR, 97K SPECT fEIRPR T IIAE, I8 INOCA HIJE B2 Wi AN Fim Pl 2 b e

2. INOCA

P 30 s o, FER O SO R CAG IR 1, 294 20% /9 FHL2E 14 7 AR 311 ik %599 (non-obstructive
coronary artery disease, non-obCAD). SIt[EIN, & E LA &0 B S ik 1139 /[8]. mukal i,
FLIE INOCA Fjps fiHAL H .

INOCA = 2 [K] 76t IR 2 Fik 434 1fiL % %< 9% (coronary microvascular disease, CMVD) /(X)) 7 Ik 3 fik 52 25
(coronary artery spasm, CAS) S EUL LA AR, I SESR AR,  HE %5 306 AEBRZE MRS
KRR ) FEA (9] CMVD 45 45 14 B 98 (Tl ifi 8 P B fi LU B s o JUL B 4 o 6 2 2 A1) A1/ (B2) T
S0 (N BRI 3 B AR LA 8 s Bt I3 LB WU 4i) [10] [11] [12]. CAS HINLH| £ 5
AL P R A AT B 3 L ST LA PR i S PR3 s 06 . A, B M TRERRIG . SR, F5
TIEIE R WA Re SRR A A K. BT B ARSI UL B B PG B R, INOCA B i 2%
RS AR O URTERRIR I BT - SEBR B AT AN R0 3 R (major adverse cardiovascular events,
MACE) RUB: 5 ARSI B e T i 8, WRe R MR S AR IEN, SEAEFERET
B, HZRA SO I FMH[13] [14].
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3. MEEBRIRAIRL A

O WL 2 1% (myocardial perfusion imaging, MPI) 2 Fi) /U BIUXT % 25 A0S R I %2 Ja 38 JTL I 38 VR
B A . R ES OIULRE R IEWN, A5 0UABEREEREMK. EFHERET, /i
DR BRI F A, O LB AT EE AT TS B4R RE, DR AR MG I o LR L . SRTRT,  7E f T (2
MEIZB)IRAE T, IR kg 2 DhREREAT, 28 A AT B T o LI a3 o 52 BR 3 e O IR S i, SR IN
NH LU S RAZ ) o A R AR . DRI, RS W O LR I8 5 75 AT F g - i RO LR AR I
BEAT X EE
3.1. AIEEMEEEERRR

MV B WM SRV E IR/, L OLAEVE AR 55 e S TE ) 2 0
R A HL Y R I [15]. INOCA f F-LL “X ZRE1E” WL, FafEhkiEs W 1 OSMeR &1L, AT
MR, FRATZEBN R BIX £ T /NS KD BB AT AT 51 &2 1, WOWRR “Aui & 0% ” [16]. MPI
A LAJR] I 2 Bt ik O LA 2 i i s AR (R FE RS T, e o s on A B AE, IF HLHERR 10 I &
sEfRE AR, AT RIS W SO O 2 -

32. REBSH

S P AT AREAE A, Far O LRV E BAR B PR 3 A IR, (E S BICRE IR R AR N TS 1 2 A i 7
SRAR s B S O WLEVE AR I A sk, F S IR AR R X R R AR I SR N . A TR I,
SIAI 53 A /& CAS IR HRFIE, MIBCA IR ACEIR . 12300 o B R e 57 25028 LA B 32 0o WL RE VA SR AR S 1)
FOMGRE, Z12H CAS i1 B ARG T BL17]. T8I CAS kB a5 <0k . 15 2 s shidk
5. WInERISE, Ana SE[18]IIRF F AR I, BEA R PR IRES O B e S i 3k IR &) A A &
T X INOCA [1)i2 1 . Ahmed Z£[19]%] 163 %4 INOCA 2 P B3 34T 1 ¥4 I 456 K et ik P9 93 45 2 IR HELRR
FEVEAS T RIREN K BRI AR, RS RERY, AR E BT RA RSk A 2224, sk
ENIK P B2 BhBERERS EA — % IR A . Gobbo 25 [201RIHF 78 R B, v 0 kB Aa B HE P s 0 st 1k ke
TEIA T e RS E XU A 52 25 ) 7 ARG B PR A INOCA . 25 TR, BES AN AR AT )y CAS
IR ik, A B Tim CAS KR, JFit—5 X 4y AR5 B o

4. IHERENE R

I 120 JULEEVE 1% (gated myocardial perfusion imaging, GMP1)il i 0o B & R Wi, RGiHRE— &
FCE AN B EF R OV ER, &t A B GBI E R G, AT EEIRA L
TSR, TS EEEE S, J O AR AR AL O == I LIS A [ 25 PR 2 2 A O T e

4.1 FERMMLT K

JE R AL 3 5K (transient ischemia dilation, TID)AE /e 0 % A S G AT SARAS T AOA B LE . TRIEE
PO L ILBR I, SRR T, o P BB VSRR B B0 O S B QB K, AT TID s, 4
INOCA S — R ME[21]. REAF L4 (22145 T TID XF INOCA S 4 B ST {1 8, F 9024
WEIR, TID > 1.2 0, FAYEK %A 65.5%, MUtk is 81.6%. Chen Z[23]HIWT R, HALilEiE %
BUILPEY IR (TID > 1.10) T AL RS KU T REB RS (ARG . HI AT TE4E— 10 TID IE M bsife, 23R
P HES IR TR MO 2 R M SR, B TID ZEA RIS . MEMZ IR 25, Bk, %
FARFRER TID {1t 75 50 HIHEAT I 4[24]
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4.2. EEEIBER)

FIR B GHRIMBEA o IR A HE S 7 2R A 8 = 4 e O =0 WAL . AR, 35 W 2 AT ok
KT G R JR AR, SRAWO NI B AR, WPl S REIZ 5] . Pantely SF[25]K& 3L, O PIE
IR D 10%~20%:0 5 AN 22 T SO R A HEE R, AR Pk D 2 DL S|P LI R BE D R A . 1T
SRR, ORI B FIESE T = BES B 7 SE IR AR AR OGP, R 2 st R 20 Ak 3 F BH ZE M 0GB 0
JULRERE, FEAE X el I 51 5 BE 35 5 57 8 1) B3 G 44 L 0 = BE I 5h 578 1) | B = 1) MACE XUz [26]
[27].

4.3. FF3KINGEE

Fo U EEFIK T RERRAS & O LB ML A W1 IAIE %, CL485@E GMPI ERH 1 AL HTh RS mT 4714 [28] . Fo i,
U 7848 % (peak filling rate, PFR)& i i F IFE AR, "B HR KR A0 O 3 e f8 I [R] Hh 2R &7 70 2 [ 35— NI {E .
M ORI D AE LA T, PFR BEAIC, (R UEAE 784 I R SE K . Gimelli %5 [29] B Fi 45 R &R,
non-obCAD 35 1) PFR LU et Jikid 52 1E % F 35 1) PFR BH 2 S A . Nitta £5[30]%F 4 /NI i A 40 A1 B 34T
AT, I PFR A Bh AL non-obCAD 3 B-Co LR IfIL,  HL PFR = 1.7 2 Pl 24 £ 55 O JUL SR If 1) Foe £
BWHE. KIGSE[3LIBEVT 1 139 Fl41T M Hik#R B - fidd GMPI i3, WAL R E/R, PFR < 2.1 EDVI/s
FE TS RO M A ML IR 2, BEA PRR AT SRALETE S HO0 A KO I8 S04 1 T AN 8
5. SPECT & MBF, CFR

JE IR Bl K AL 37 % 7% (coronary  flow reserve, CFR)J& /U AILYE e K FE MR ZS T 5 & B IR 2 O LI 7 &
(myocardial blood flow, MBF) 1) LUAR o B2 s B 14 A2 0o FT L2 A 40 9 S 52 18 B o 4718 i RN 00778 A8 100 A7 L 97
FHREIEANEIRE 1T # CFR 5L A% 4% 73 B (fractional flow reserve, FER)EEA 57 F AT H2 o5 16 PR 112 Wy
(W3 1).

Table 1. CFR combined with FFR to identify endocardial and epicardial ischemia
F 1. CFR BX& FFR $31:0 PR Ko DA EER I

CFR FFR Ll
i VAL SRy A P A
! - SR PRI AE T BEFRLRS
) ! CAME LA ARAE + TR T RERRRT

TE: CFRONGARZNIKIML LA #, FFR VI &2 EL -7 NIER,  “L7 Wi%,  “117 NPREAR.

5.1. 4L NS E SPECT

FIFE 4 SPECT Bl PR AR L G5, FATAT DL T “ Bk A 7 St SPECT & & MBF
Jt CFR. TEMM sl BARAT, Filik “smin” e B4 E LT B0 AP AR, I8 2 i 8
X3 (RON)——7c 0o 2 M R B KA, FRAF DX I [ 4 1 28 (time activity curve, TAC). TAC fE J3lilik
HONEREL F TN B BRI 4T 1 1 23 0T (first-pass analysis). KfiAs SPECT MPI 3k45 (4 J5 38 Co L
THEU Bk N R B BAR AR R A A, DUTHE MBF & CF [32]. 2 Ui Fufs b 7 vEE B 1
SPECT & & MBF & CFR 45585 PET A RAFAHGIE[33], (HIG5R/E SR R BUE, A RSGE G 57
Wi, JFRONEE R, HBh TR iz R LS SPECT #E47 INOCA 12 Wi fiGI7[34].
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5.2. WE§EHR SPECT BOHIR

K B AL R 59 (cadmium zine telluride, CZT) [ 25 SRR 0 & H SPECT w4, HAZER
PIEIRH4E/NE 2~3 mm, #5723, 44 SPECT 1 1.7~2.5 {5, Ak, iZ&HREE D PR
R ERTE, I5F] 3%~6%@140 keV, fE4 SPECT ¥ 1.65 5. X —F A1 SPECT REWS SLHLER
A7 Wi 2 R [35] [36]. WFFTIESE, CZT-SPECT & &4 Hi 1 MBF fl CFR 5 PET 25 8 & — (<
2). BeAb, HOREZ BT SR, XA AS KO L 45 R B A R e (0% 3). A ##4R
H T %54 CFR AR (IMFR) I 757 [37], A S 1) o Jeb P 50 ik s Aot L AR 5 e e R, 50 ok 9 97 P 52 i
PRAL T — Mo I E AT B

Table 2. Some researches of CZT SPECT dynamic acquisition for CFR and MBF
% 2. CZT SPECT ®hAREMZE CFR 1 MBF FIEB5# 5T

W BAZ 2 S
Agostini ££[38] $MTc-MIBI 55 107K PET FIill CFR LRI 25 5%, {H MBF # °0-/K PET Il & fE
DRAS . ’ BN-5 A . ’ L BN-5 “ZQ;E\\E\’ 7
Nkoulou “E[39] - CFR "% 1.32, N-ZUK PET 4 2.36, LA BN-Z/K PET N #

Wi{E N 1.26 B, HERM S H 1 R EE N 75%
Ana £5[40] OmTe MIBI rMBF. sMBF. CFR ZXMEEZ RILEHEZEZSR, RABGHTHEE M
A —EEITEEAS CFR fEBME N 2 i’ BA RiF—8tk, ANFEE I E & AT

. > 99.m
Matthieu 45[41] TO-BFHIBE e a7 e 3 X 5k SMIBF 22 S
Matthieu %:[42] T i e o 2 g 1 SRR

AC, #4k CFR 5r] LA 2 BB 7 JIEH M7 H

7E: CFR AGARZNIK MG %, MBF AU &, sSMBF Aff OUUILEE, rMBF A ELUULER, AC AE
JRAZIE, NAC NAERREIE, MIBI NREER TR, PET ANIER T RIHHEILW ZHH .

Table 3. Some researches of CZT-SPECT quantification of MBF and CFR on prognosis
% 3. CZT-SPECT E & MBF # CFR X FHEME SR

W b7 1 -
Milan %#[43] 735 11+6 /] CFR <2. SMBF < 2.35 B QIE SRR 4 B

SMBF #1 CFR T5iJlll INOCA % /5 (SMBF < 3.16 fll CFR < 2.52 NfitE
{H), sMBF {L T CFR

CFR F&{%H INOCA HBE )5 2, CFR &N 1 N#A7, INOCA K
MACE XU BE{% 66.1%.

CFR<2 % LN CMD, CMD BHMFEARGREERFT CFR>2 1)

Jonathan £5[47] TRALBETIRT )N 3.4 4F  CFR. sSMBF ¥ 50T 57485, {H CER Tl A% /) 59k

vE: CFR AGIREIAK L% %, sMBF A VLI E, INOCA Jyf il £ A48 SRR S k%, MACE N EE
AROIMEEM, CMD NRURSI KU E Th e =S .

Zhang Z[44]  RALBEIINE] 15 N H

Li 4¢[45] Hr B VT R 16 A4S A

Kristina Z£[46] Vi A] 12 A~ H

6. B4

JRAEIT AR INOCA AU T 7L LA EUS T BRIt , (HERATX INOCA FIVRVAAE 41 .. H
TR, HArgakeaEmm PET MEEEIRIKKETE. A0, FEERARNABEL, SPECT &
INOCA 2 W AT 5 PEAL 15 21 T ANk R A s8R i 12820 . M A% St SPECT 21774 1) CZT-SPECT, SPECT
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ARG T2t 5o, SPECT T VA% A A5 7 T (%) 05 AR FH DA B 171428 S A5 1) 3 & (4B
INOCA fizWrfefit 7 HEM(E 8. HHE)E, & & M 1 o A E {15 SPECT Bl INOCA 277
EE T A, HlT 24575 R EMAE, SPECT /2 H il M A fe e 4 548 PET, R, KIE
HFAR G EGHAETT AN — DRI 5635 . A, SPECT AR A4 5 1) IF v Bl i A A 37
P—J7 T, AL T TR AR R RIREE DL INOCA B BT Gl B 4y 2, N Se AN FIAS 1 12
JT, oG A B TS B A

&E 3k
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