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ABSTRACT Objective: To investigate the value of radionuclide gated myocardial perfusion imaging (GMPI) in the early diagnosis
of myocardial damage after chemotherapy in breast cancer. Methods: 180 patients with breast cancer who received chemotherapy in
Xuzhou Central Hospital from August 2018 to April 2020 were selected, anthracycline drugs (epirubicin hydrochloride for injection)
were used in all chemotherapy regiments, 6 cycles (21 days per week) of treatment were performed, echocardiography and GMPI detec-
tion were performed on 180 patients before and after chemotherapy. According to different detection methods, they were divided into the
conventional group (n=180) and the study group(n=180). The conventional group was detected by echocardiography, and the study group
was detected by GMPI. Echocardiography and GMPI were performed before chemotherapy (Al), at the end of the second cycle of
chemotherapy (A2), at the end of the fourth cycle of chemotherapy (A3) and at the end of the sixth cycle of chemotherapy (A4), respec-
tively, the changes of the two examination parameters at different time points were observed. The detection rate of myocardial damage
was compared between the two methods. Receiver operating characteristic (ROC) curve was drawn to evaluate the value of the two
detection methods in the early diagnosis of myocardial damage in patients with breast cancer chemotherapy. ROC curves were
drawn again to evaluate the clinical diagnostic value of different parameters with significant changes in GMPI for myocardial damage after

chemotherapy. Results: Echocardiographic parameters showed that left ventricular ejection fraction (LVEF) decreased significantly with
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the increase of anthracycline dose (P<<0.05), and there was no significant difference in other parameters (all P>0.05). GMPI parameters
showed that with the cumulative increase of anthracycline dose, LVEF showed a significant downward trend, phase standard deviation
(SD), phase histogram bandwidth (BW) and entropy showed a significant upward trend (all P<<0.05), and there was no significant differ-
ence in other parameters (all P>0.05). The detection rate of myocardial damage in breast cancer after chemotherapy by GMPI was signifi-
cantly higher than that by echocardiography (P<<0.05). ROC curve showed that the area under the curve of GMPI was significantly higher
than that of echocardiography (P<<0.05). Another ROC curve showed that compared with GMPI single parameter detection, the area
under the curve of combined parameter detection for the diagnosis of myocardial damage after chemotherapy in breast cancer was signifi-
cantly higher (P<0.05). Conclusion: Compared with echocardiography, GMPI imaging can be more effective in early diagnosis of
myocardial damage in patients after chemotherapy, and the use of multiple parameters in GMPI can further improve the diagnosis rate of

myocardial damage after chemotherapy, which can provide clinical reference for the early diagnosis of myocardial damage after

chemotherapy in breast cancer.

Key words: Radionuclide gated myocardial perfusion imaging; Breast cancer surgery; Myocardial damage; Chemotherapy; Early

diagnosis

Chinese Library Classification(CLC): R737.9 Document code: A

Article ID: 1673-6273(2022)18-3528-06

YN

]

o}

FLIRIE R AR R T R R A0 MR & s B pE R
7, ALIT BBETE — R K B AR A7 R] (BT 259
T HR: BT 24566800 W %) B P e Sh b g s PR TR, e A
FRZARTT 2590 )5 77 A 0 U A 3 AN (™ FE 5% T BB I TS A
AT T, T L AN TG s ), PR Sk — s R
BRI Jr of Ae 3 SPL A8 B8 3 1Y T J R T O UL 7 7 B 1
e B R S B3 EIE S B T R R B AL
BRIEARST 5 S5 A A ORI A R 7, Rl A T A A4
A KA O E IR RET SR BRI ERIE B, DL RO RS,
TGRS 22 AR 0 I M i sh g2 AR R ), (R e 2 AUk
PEEAR, REE 7 o0 L B A R O IR T BB S, R3O IR
PF O ABEIF RS AT AR, TR LRGN,
R TG E B AR C RO EE R4
(GMPDYE Ry —Fh TE A A2 W0 IE N5 | & 5K D1 68 B0 LA A
PRSI ThBE BAR I, Pl H BT RS AN R R 24
B AR AT HR AT 25 4% £ 3 Do I BRI B 52 T, PR LU AR B 5
iE i GMPI 55 [l SR 750 3 B L, it B BT RS AN
A () SR A A3 Ar AT T 250 BB O IR BRI R, Sy
R IO S AR LT I BB 12 W85 575
1 BERLR Tk
1.1 —fg&E#

TEEX 2018 4F 8 ] 2 2020 4% 4 A ZEAR M L BE B 452
IFIRYT 7 R R FLIE ARG 180 I 3, AR 43~65
% 1 (54.45% 8.84) % (KT N 45~65 kg, T-14(51.58+
3.32)kg, A BAE ST TR AT O 3 B & GMPL G,
B U B BRI YR H2H , GMPL KT g ABFIE A . BT B 9
AW B BRGNS BRI, FEBAERIE A, A
W B AR Tl O R B BE 2 AR B B At . A KR
(DB ZLBEAR G B s (AT R 1 OEFR AR =55 (3)
B A R R HA AR R AT (4) KE32d HA by
TRTT 758 o HERRARUE : COER e Rk DB ; ()RR Rt

PRI 5 (3) TCILARAT I W AR BORE ; (4) 8 1 DB PRI JC 145
AR 5 (5)XABIESE BTl 250 2525 =
1.2 ik

121 AR A BEBEZ BRI &, Bk
PIZAALAE : TR FHER R F 32 LU 2 ()58 WV 1 240 JBe 3 PR
N E], FE2UHET H19990280, #LA% : 10 mgx 10 32 ) #e 3R 1H 1
—% 60 mg/m?, i A 0.9%100 mL (G L8N W h AT R R S
il d1-d2, JERIEI R 21 d, 23597 6 AT RR Iy R
WA Y

122 BEO0HERN EBoL X HBEHA2EMNEA
PHYLIPS /% & , %2 Philips HD7, % F S5-1 %3k, 5% K
1.0~5.0 HZ , (B # AEAG A 1 R BCA M FMSE , 7RG 2 0 TR] 45 i
SRR A O NEEE B B T, 40 B B S A e E B
SR GDARPURE L ORI L 04 = s DI LA B 2 % 0
PRI FLSK WUKSE AR Ja U0 T i 2 = AN R sh 2
F& . >R HRCE T Simpson's 35 U0 ) 5 720 2 51 1 434X
(LVEF) AU BB AR AR FU(LVESY) LD EEF A A
(LVEDV), ZEZ KEYImN 45 4E (LAD), FaifikNiE
(AO), 7l FALIT R (AL) ARITES 2 AR (A2) AbITEE 4
WIAR(A3) ARITER 6 JEIIIAR (A4) PUAN I ] Bt EA TSI

123 GMPL#&l]  GMPI £l 3% FI XK Sk SPECT/CT {3, Iy
[ = Siemens 2\ ) , #152% Symbia T16, WARFIA [ F K
FHEGHBRA R, BETER A RTZS I 6~12 h, AR 57 =
} 740~925 MBq, R I PATFLARRE = A BEE EL &%, 128% 128 4f
R, 145 580, BRSKI9 2 90° FEs; 90° % 180° R R
B, LU 53s(6° /i) R BERAE , I TR R AR A0 sl JE Y
43R 8 il 7E R AR IL G 5 R AT E A IR ARAS O W A K
Kl T BRGNS, R 0 2206 F B BOA% & 24 R R DT PEA O
UHEE AR R A S8, IFERAS —BOE WL HE T 45 R A
2o RH Cedars 5 £ 195 SPECT 43-#rE &5 i) GMPI Wi 2 &
1% , J1-35 15 LVEF .LVESV .LVEDV . & & 75 %% % (Peak filling
rate, PFR) AH{iFRiE2E (SD) i ABAZ B 5 K137 58 (Band width,
BW),F Al A2 A3 A4 Ha] BEAT 20 A6

1.2.4 DAREITERE  UURGHO IR SR E, 25 L TA7



- 3530 -

IUEYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.18 SEP.2022

i, 6I7E LVEF TR 10%HAE T 50%5E SN L
SR EREZM, B SD/ M TALIFRT 2t s ATHLN O
WA E A 220 Z s AR,
1.3 IRZEIEHR

(1)XFLk A1 A2 A3 A4 B[] B Al 2 5 S E0B s
B (2)%F EL R 2 LR E R R R 22 5 (3)ZiIE T
YEFFHE(ROC ) il 28 2P 19 b o7 =) L A A7 Hh B0 LA
FERIS W S GMPI H 8- SRR b5 0 7L I b7 5 B0
WU E Wi .
1.4 SGit=abiE

WM R T BRI AL 2], A SPSS22.0 kAT
Gl A B, i OB AR N IE A oA iy 22504, 35 4

PRERE (vt s )FTR, L IRI2E AT ST AEAS tAG 50, 20 9 HUREA TR
Xt G, 224 8] FU SR T F A6 5 THECSORME T n(%) %o,
YL 225047 o7 K258 s ROC i 4R oM AN [R] 4 £ 75 X0 LI £k
I7 e B L A2 BT (S GMPL Hh 2 2R E AR O AL
BFEAZWRRE. L ERARITE P<0.05 i, 225 HAA Gt

2 &R
2.1 WiraiEBAE L ESHEN
L Bl R SRR R B TR 25 W00 B i 39 i, LVEF

R TR (P<0.05), HAbSBUE LR I W E G4 22
(¥ P>0.05), 7 E0FE 1,

1 LFRIER R EREH L ESHELER (2 5)

Table 1 Changes of echocardiographic parameters in different time periods before and after chemotherapy(x+ s)

Time n LVEF(%) LVEDV(mL) LVESV(mL) LAD(mm) AO(mm)
Al 180 69.74+ 6.42 73.23+ 14.45 22.87+ 7.03 30.57+ 4.87 26.42+ 3.56
A2 180 67.98+ 6.48* 72.02+ 14.42 23.04+ 6.78 31.28+ 4.28 25.45+ 341
A3 180 64.75+ 6.35*% 70.44% 16.62* 25.52+ 10.21%** 32.19% 4.46* 27.47+ 3.65*
A4 180 60.45+ 6.36*% 68.33+ 17.80** 25.28% 9.88%** 31.38+ 4.36 24.67+ 3.18*
F 3.231 4.553 4.210 5.584 5.521
P 0.032 0.067 0.083 0.275 0.263

Note: "*" indicated that compared with A1, *P<<0.05. "#" indicated that compared with A2, “P<<0.05. "&" indicated that compared with A3, “P<<0.05.

2.2 LyrETlE GMPL SH 4L
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Table 2 Changes of GMPI parameters in different time periods before and after chemotherapy( xt )

Time n LVEF(%) LVEDV(mL) LVESV(mL) PFR(EDV/s) SD(° ) Entropy( %)) BW(° )
Al 180 69.55+ 6.34 74.01+ 13.32 2442+ 6.78 2.67+ 0.67 8.78+ 3.13 35.63+ 5.53 29.33+ 8.42
A2 180 66.67+ 6.46%  73.39% 13.42 24.52+ 6.29 2.63+ 0.53 9.87% 3.42% 37.45% 5.63*  33.44% 9.62%
A3 180 63.32+ 6.24%  71.24% 14.75*%" 2498+ 8.64 2.58+ 0.63 10.89+ 3.41*  39.02+ 5.21** 38.82+ 9.42**
A4 180 59.87+ 6.27%%* 0905 25.50+ 9.63* 249+ 0.59*  11.69+ 4.53*%% 3997+ 5.56*% Az
15.53%# 11.02%*
F 3.029 1.235 3.331 1.235 3.182 3.261 7.724
P <0.001 0.073 0.084 0.172 <<0.001 <<0.001 <<0.001

Note: "*" indicated that compared with A1, *P<<0.05. "#" indicated that compared with A2, "P<<0.05. "&" indicated that compared with A3, “P<<0.05.
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Table 3 Comparison of GMPI and echocardiography in detecting myocardial damage after chemotherapy for breast cancer

Groups n Number of detected cases(n) Proportion( % )
Conventional group 180 49 27.22
Study group 180 76 42.22
x 8.934
P 0.003
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Table 4 Comparison of GMPI and echocardiography in early diagnosis of myocardial damage

Inspection method 95%CI P Sensitivity( % ) Specificity( % ) Area under curve Cut-off value
GMPI 0.764~0.925 0.034 89.40 83.20 0.855
Echocardiography 0.629~0.834 0.035 78.30 76.60 0.732
‘ ROC 2.5 GMPI S HERM I RBLTEHIOCIREN RS
—am B4 L L e
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Fig.1 Comparison of GMPI and echocardiography in the diagnosis of

myocardial damage after postoperative chemotherapy for breast cancer
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Table 5 Comparison of GMPI parameters in early diagnosis of myocardial damage after chemotherapy for breast cancer

Indexes 95%CI P Sensitivity( % ) Specificity( %) Area under curve Cut-off value
Joint detection 0.764~0.925 0.034 88.50 82.70 0.878
LVEF 0.598~0.816 0.036 76.50 78.30 0.707 56.63%
SD 0.579~0.784 0.041 63.20 57.20 0.681 11.13°
BW 0.629~0.834 0.035 78.30 76.60 0.732 39.44°
Entropy 0.538~0.705 0.034 63.30 61.10 0.622 39.04%
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Fig.2 Comparison of early diagnostic value of LVEF, SD, BW and entropy
parameters combined with single detection in GMPI for myocardial

damage after chemotherapy in breast cancer

THEFECBIE, GMPL Ht BW SD B B W28k, 48Tl
BW {220 F 95%M AN 4310, SD A ERAH AL B 4311
BORRUEZE | TR ] 48R 2.0 SRR TR L AR B, XY = &
AN AR WA R AP PR A o, 2 SR 20 W4 )
s SR O I RERT RE & 2E 7 o B Zhang LPA 48 H &
W50 NEREYE  AEIRYTE 4 J8 GMPI rh LVEF 28R 1]
Y, Zhang PPSSEWLIPAN{ PR 225 2 AR 4 JH ), DY)
AEL IR A AL B (R W2 00284k, &7 sk DI RES B0 W & 1%
1%, (A 55 235 3 BV AE R A0 T 5 A 47 sk Th RES B AR
A, TTEASTIFSE 7R 7E A7 4 0T R AT Ao 0 3] R 2 2545 [l
F O EREIR , 5 EIRF AR SRR T 2 —3, S
FEAR ARSI DG —E K R
IAMAWFFEE 3 22 1] ROC {2 XS o A .0 31 5 GMPT
X 7L AT S B0 UL 0 RS W, 25 R R
GMPI fiefif 5 A | 52 85000 26 BRI 0 WL 3 e R, 43 A
AT R SR R AR O E D RESZ 40 B0, R 28U 1.0 U T
I AR, PR G 7 0 B B e BN 8. 38, A 0 LA i 2 3] ™
BERFNA LRI B EAOEIS8RE ,H GMPIL il
SRR A W . EF SR RS X O B A T R A TR
WHAZ W 0 2 5 Tl D sl B ¥, sk S — ROC 4k
/N, A LG GMPIL B —ZH0R0 , 156G S 80 x 7 fa 0 L
P HE AT S IZWEE, M RES7E LI B e B AT
I, X F A T A TR YT 0 R 3 AT SEI M, A L P
O UL 3 B IR A B AT DR T 0, BRI 4 v AR
F TG B AR AT T
Z5 BTk , GMPL n] /5 P ZLAE (32 R J5 10T fa
ONEFEPE I TCEIPE Y s, AR T i S 8 3 0 O s
SRS G TR e L N N O =R L7y €S Ik =S Inp [E1
BB — DY KA i SOMERT T] DL i — 2D A58 i VA T
W2 WL e A O E M E.
& # 3L #k(References )
(1] #A%L, A, FF X, 5. UPF1 £ 3LIR8 m e o 09 R 34 5 48 R o9 1
R0 E A DA &, 2022, 42(1): 58-71

[2] AL, FLM, i, F. B BT EHRRS AT L E BT
s SRR B F R A EREA T EARENNR
)], IAR A B S 3EE, 2021, 21(13): 2543-2546, 2502

3] W%, AW, R4, F. EARLBGHRINEEF SO IEFHR
K ABH AR EGERERL I ¥ B %45 E, 2017,52(12):
1089-1092

—
N
[l

Fitzsimons S, Doughty RN. Role of transthoracic echocardiogram in

acute heart failure[J]. Rev Cardiovasc Med, 2021, 22(3): 741-754

[5] Santana S, Gidding SS, Xie S, et al. Correlation of Echocardiogram
and Exercise Test Data in Children with Aortic Stenosis [J]. Pediatr
Cardiol, 2019, 40(7): 1516-1522

[6] ZEE, RA, A —, 5. 45 =48 F .o 3h B s b ik B AS

M SRR BER K 2 o0 P Atk 0y TTAT AR R [J]. IURAT B B &,

2022, 30(5): 829-834

[7]1 Venkataraman R, Heo J, Hendel RC, et al. The role of first-pass

—

radionuclide angiography in the era of gated SPECT myocardial per-
fusion imaging[J]. J Nucl Cardiol, 2008, 15(6): 838-840

[8] %)%, BWR4L, #4752, F. 11420 U 2 2R TN % 4 DTC &%
TSH #7474 77 6 5 A f6 5 1], F B B %4844 K, 2020, 36(11):
1633-1636

[9] Mackin ML. Gated Myocardial Perfusion Imaging[J]. Nucl Med Tech-
nol, 2020, 48(2): 139-140

[10] &L, BRXBRF, F —ACHEHLEER S @

7 B Simpson's M F A F 4yt AF R [J) PEAEE

F e &, 2010, 26(7): 615-618

Zamorano JL, Lancellotti P, Rodriguez Munoz D, et al. 2016 ESCPo-

sition Paper on cancer treatments and cardiovascular toxicity

[11

—

de-veloped under the auspices of the ESC Committee for Prac-
ticeGuidelines: the Task Force for cancer treatments and cardiovascu-
lartoxicity of the European Society of Cardiology ( ESC)[J]. EurHeart
J1,2016, 37(36): 2768-2801

[12] Bergler-Klein J. Myocardial damage in anthracyclines and breast can-

—

cer: take a look at the bull's eye [J]. Eur Heart J Cardiovasc Imaging,
2021, 22(4): 416-417

[13] Zito C, Manganaro R, Cusma Piccione M, et al. Anthracyclines and
regional myocardial damage in breast cancer patients. A multicentre
study from the Working Group on Drug Cardiotoxicity and Cardio-
protection, Italian Society of Cardiology (SIC)[J]. Eur Heart J Cardio-
vasc Imaging, 2021, 22(4): 406-415

[14] Livi L, Barletta G, Martella F, et al. Cardioprotective Strategy for
Patients With Nonmetastatic Breast Cancer Who Are Receiving an
Anthracycline-Based Chemotherapy: A Randomized Clinical Trial[J].
JAMA Oncol, 2021, 7(10): 1544-1549

[15] Imamura S, Hirata K, Takemoto K, et al. Assessment of myocardial
damage after acute myocardial infarction by diastolic de celeration
time of coronary flow velocity using echocardiography and con-
trast-enhanced magnetic resonance imaging [J]. Echocardiography,
2020, 37(12): 1981-1988

[16] Houbois CP, Nolan M, Somerset E, et al. Serial Cardiovascular Mag-
netic Resonance Strain Measurements to Identify Cardiotoxicity in
Breast Cancer: Comparison With Echocardiography[J]. JACC Cardio-
vasc Imaging, 2021, 14(5): 962-974

[17] Lang JK, Karthikeyan B, Quifiones-Lombraiia A, et al. CBR3 V244M



PREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.18 SEP.2022

- 3533 -

is associated with LVEF reduction in breast cancer patients treated
with doxorubicin[J]. Cardiooncology, 2021, 7(1): 17

[18] Bouwer NI, Liesting C, Kofflard MJM, et al. NT-proBNP correlates
with LVEF decline in HER2-positive breast cancer patients treated
with trastuzumab[J]. Cardiooncology, 2019, 28(5): 4

[19] Gayed IW, Liu HH, Yusuf SW, et al. The prevalence of myocardial
ischemia after concurrent chemoradiation therapy as detected by gated
myocardial perfusion imaging in patients with esophageal cancer[J]. J
Nucl Med, 2006, 47(11): 1756-1762

[20] #kA4kBE, &S+, % &, %. 18F-FDG #» 99mTc-MIBI 84 %
PR/ FE & RARR T 3205 U i AR AR A o s LR & -
B e A1) 5% R B F 4 &, 2016, 32(20): 3303-3306

21] R4, W72, 5, 5. 38 114580 PUE E BT B BAR MRS )
R BTG MLFAE(T]. B FHR A IR, 2016, 29(3): 276-279

[22] Hardenbergh PH, Munley MT, Bentel GC, et al. Cardiac perfusion
changes in patients treated for breast cancer with radiation therapy
and doxorubicin: preliminary results[J]. Int J Radiat Oncol Biol Phys,
2001, 49(4): 1023-1028

[23] Tzonevska A, Tzvetkov K, Atanasova M, et al. Myocardial scintigra-
phy, echocardiography and proBNP for early detection of myocardial
cardiotoxicity in breast cancer patients after chemo-radiotherapy [J].
Hell J Nucl Med, 2011, 14(3): 269-273

[24] 6, TR, BB, 5. 1140 UL 2 AR A b LR
e s EAFIR AR T AL Hra W F o FRARI]. T REEE

F 5 50 FHiE A &, 2022, 42(3): 154-159

[25] Omrani A, Rahimzadeh P, Aba A, et al. Evaluation of myocar dial
perfusion and function in patients with asymptomatic beta-thalassemi-
a major using myocardial gated single-photon-emission computed to-
mography[J]. World J Nucl Med, 2020, 20(2): 145-149

[26] Fu P, Wei LG, Hu J, et al. Clinical value of 99Tcm-MIBI gated my-
ocardial perfusion imaging in evaluating sarcoglycanopathy [J]. Neu-
rol Neurochir Pol, 2019, 53(4): 265-270

[27] Zhang L, Liu Z, Hu KY, et al. Early myocardial damage assessment
in dystrophinopathies using (99)Tc(m)-MIBI gated myocardial perfu-
sion imaging[J]. Ther Clin Risk Manag, 2015, 10(11): 1819-1827

[28] Zhang P, Hu X, Yue J, et al. Early detection of radiation-induced
heart disease using (99m)Tc-MIBI SPECT gated myocardial perfu-
sion imaging in patients with oesophageal cancer during radiotherapy
[J]. Radiother Oncol, 2015, 115(2): 171-178

[29] Sobic-Saranovic DP, Pavlovic SV, Artiko VM, et al. The diagnostic
role of gated myocardial perfusion imaging and radionuclide ventricu-
lography in severe congenital heart disease[J]. Hell J Nucl Med, 2011,
14(3): 284-290

[30] Graner FP, Fischer M, Ilhan H, et al. Assessment of left ventricular
function with gated myocardial perfusion SPECT and gated myocar-
dial FDG PET in patients with left ventricular mechanical dyssyn-
chrony[J]. Q J Nucl Med Mol Imaging, 2021, 9(1): 1628-1630

(E#EE 3462 )

[24] F8, % &, k5.8 AARE ST LM e B 512505 K% R
W RSB B e A R rall] 4k F A, 2013, 33(12): 65-70

[25] K&, ™ &, 3] 4, . 8 JA A AiE 3 BCE OS50 MLAF efbit 42
P4 BT E, A8k B F 2 s sk ey AT]. F B4R TR, 2021,
25(17): 2650-2656

[26] #H5, IR, Bk, . A P 558 A LB RERF T
JERE 2k R ek L s At % [J]. P B4R 7 A3,
2020, 56(11): 55-64

[27] 363676, BT AR5 2 45 4 F TR IE BEIU 33k 4o 35 58 69 R ALY
o) : IH-MRS B F 448 % BALHF 5 6948 & [J]. T Bk H A4k, 2015,
51(4): 79-85

[28] k&%, Wrakak, Kk, . A REH G S #5T RN KR KoY feflg
P B FAE AT, IR E R, 2016, 35(2): 86-91

[29] Zok. REAA RAE Syt MRk & S bl o fig & AR E 09 @ ()], A
FHARL T4, 2017, 17(4): 154-157, 162

[30] #F¥L. A RBF A ESACMHILE KRB F. Ml EIRRA A K
ety Hrall] P M E S5 R E & E, 2020, 42(3): 193-197



