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Abstract

Objective: To apply the fully automatic three-dimensional right ventricular quantification
(3D-Auto-RV) combined with vector flow mapping (VFM) technology to synchronously quantitatively
evaluate the changes in right ventricular (RV) myocardial mechanical properties and intraventricular blood
flow energy loss (EL) in patients with human epidermal growth factor receptor 2 (HER2)-positive breast
cancer (HER2+BC) during chemotherapy combined with targeted therapy, and to comprehensively evaluate
the value of myocardial mechanical and EL parameters in assessing RV function in HER2+BC patients.

Methods: Fifty-five patients with HER2+BC who were clinically and pathologically diagnosed at the
First Affiliated Hospital of Shihezi University from July 2023 to December 2025 were included
(HER2+BC group). All patients received anthracycline-based chemotherapy combined with trastuzumab
monotherapy or trastuzumab plus pertuzumab dual-target therapy. Fifty healthy individuals matched for
gender and age were included as the control group. Echocardiography was performed before the first
treatment (T0), after the second treatment cycle (T2), and after the fourth treatment cycle (T4). A Philips
EPIC 7C color Doppler ultrasound diagnostic instrument was used to determine the left ventricular ejection
fraction (LVEF) by the Simpson biplane method. The peak velocity of early diastolic flow (E) and the peak
velocity of late diastolic flow (A) at the tricuspid valve orifice were measured by pulsed Doppler. The peak
velocity of systolic contraction (S”) and the peak velocity of early diastolic contraction (e”) of the tricuspid
annulus were measured by tissue Doppler mode. The 3D-Auto-RV software was used to measure
three-dimensional right ventricular (RV) volume and myocardial mechanics parameters: right ventricular
end-diastolic volume (RVEDYV), right ventricular end-systolic volume (RVESV), right ventricular stroke
volume (RVSV), and right ventricular ejection fraction (RVEF). At the same time, two-dimensional right
ventricular function and strain parameters were obtained: tricuspid annular systolic excursion (TAPSE),
right ventricular fractional area change (RVFAC), longitudinal strain of the right ventricular free wall
(RVFWLS), and longitudinal strain of the interventricular septum (SLS). A Hitachi Aloka Lisendo 880
color Doppler ultrasound diagnostic instrument was used to calculate the total energy loss (SEL) and
average energy loss (AEL) of the RV as a whole and each segment of the RV [basal segment (BS), middle
segment (MS), and apical segment (AS)] in the rapid filling phase (RF), atrial contraction phase (AC),
isovolumic contraction phase (IVC), and rapid ejection phase (RE) by the VFM mode. The differences in
the measured values of the above parameters between the groups at different treatment cycles were
compared. The ROC curve was used to evaluate the diagnostic efficacy of some parameters at different

treatment cycles and determine the optimal diagnostic cutoff value.



Results: (O Compared with the control group, there were no significant differences in all parameters
of HER2+BC patients at TO (all P > 0.05); @ Conventional two-dimensional echocardiography and
3D-Auto-RV two-dimensional parameters showed that compared with TO, RVFWLS significantly
decreased at T2 and T4, and the change at T4 was more significant than that at T2, showing a decreasing
trend (P < 0.05). Compared with TO and T2, TAPSE, RVFAC and SLS significantly decreased at T4 (all P
< 0.05), while the other parameters showed no significant differences (all P > 0.05); & 3D-Auto-RV
three-dimensional parameters showed that compared with TO, RVEF significantly decreased at T2 and T4,
and the change at T4 was more significant than that at T2, showing a decreasing trend (P < 0.05), while the
other parameters showed no significant differences (all P > 0.05); @ VFM parameters showed that
compared with TO, AC-AEL and AC-SEL of HER2+BC patients significantly increased at T2 and T4, and
the change at T4 was more significant than that at T2, showing an increasing trend (all P < 0.05). RF-AEL,
RF-SEL, IVC-AEL, IVC-SEL, RE-AEL and RE-SEL significantly increased at T4 (all P < 0.05). Among
the EL of different segments of the RV, AC-AEL-AS and AC-SEL-AS significantly increased at T2 and T4,
and the change at T4 was more significant than that at T2, showing an increasing trend (all P < 0.05).
AC-AEL-BS, AC-SEL-BS, AC-AEL-MS and AC-SEL-MS increased at T2 and T4 (all P < 0.05). The AEL
and SEL of all segments at RF, IVC and RE phases significantly increased at T4 (all P < 0.05); & ROC
curve showed that at T2, the AUC of RVEF (0.760) was the largest among myocardial mechanics
parameters, and the specificity of RVEF and RVFAC (85.50%) was the highest, while the sensitivity of SLS
was the highest (70.90%). Among hemodynamic parameters, the AUC (0.740), specificity (98.90%) and
sensitivity (43.60%) of AC-AEL were the highest. At T4, the AUC (0.911), specificity (85.50%) and
sensitivity (85.50%) of RVEF were the highest among myocardial mechanics parameters, and the AUC
(0.860) of AC-AEL was the largest among hemodynamic parameters. The specificity of AC-AEL,
IVC-AEL and RE-AEL (96.40%) was the highest, and the sensitivity of RF-AEL (83.60%) was the highest.

Conclusion: The 3D-Auto-RV combined with VFM technology can detect and quantitatively evaluate
the subclinical myocardial damage of RV in HER2+BC patients caused by chemotherapy combined with
targeted therapy at an early stage. The results of the ROC curve suggest that RVEF and AC-AEL show
unique advantages in evaluating the cardiac damage caused by the combined treatment. For the subclinical
RV dysfunction that occurs after the combined treatment, the quantitative evaluation of 3D-Auto-RV

combined with VFM can provide better reference for clinical practice.

Key words: HER2+ breast cancer; right ventricular function; three-dimensional fully automatic right

ventricular quantification technology; vector flow mapping technology; energy loss
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245 W17 AR 34K
RF Rapid filling period PRI 78 A
AC Atrial contraction period WL
IvC Isovolumetric systolic period e
RE Rapid ejection period BRI SR 1fiL
BS Basal segment R B
MS Middle segment Hh ) B
AS Apical segment DAREL
ICC Interclass correlation coefficient HNAHK R
LOA Limits of agreement —EUH SR
ROC Receiver operating characteristic curve ZARE TAERHIE H 25
AUC Area under curve th 26 N T AR
3DE Three-dimensional echocardiography =B O
2DE Two-dimensional echocardiography YRS 0B
ECG Electrocardiogram O
TDI Tissue doppler imaging HIR 2L HRUR
BSA Body surface area (EIEA
BMI Body mass index (ENEEE 1
ASE American Society of Echocardiography % E AL E
EACVI European Association of Cardiovascular Imaging i O L 52 i 2
2D-STI Two-dimensional speckle tracking imaging BT RIBEE G EAR
3D-STI Three-dimensional speckle tracking technique =HAEDE RUB R AR HOR
PSL Pressure-strain loops & 77 BiAEFA
PIV Particle imaging velocimetry R R IR
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FLIR e E 4 BR Lo M A R Hh R ZE A SE R 35 i Y, A B L Al Y
B . AR E BRI ERT 7L 2022 SEG0TTH s B, FUBEIE T R 224 ETHE
P, MogR T iE EEEE,  HAaZm R mEEamaERi, MmEBH AR
PEAg R o BEAE 0 P 7 1 A )k — 2B it oT, N3 B AR KK 3244 2 (Human epidermal
growth factor receptor 2, HER2) {F Jy L e B S XA R R, i B 2 e 2B K e
PIoRERER R, AR HER2 BHEFLRME (HER2-positive breast cancer, HER2+BC)
29 IR IE IR 1) 15%-30%, 5 HER2 B4 RIS AH LE, 33000 A 5 ek Jo s 42 47
i (Disease-free survival, DFS) . ¥ In#&H8 X 4656 S4B A H (Overall survival, OS)
45051

RO K25 5 88 [m) 25 W) Bk & B FH DLk 20 38 o i 38 T 7% d 09968 97 SR G 18 2
HER2+BC —ZiG7 AR TT 58, R Rl e i A KL, IF s B i Tiate 7,
{HIXPIFIGEST HER2+BC [ Z5WBR-E 5 I, JHCo B 14 1) R A8 IRV DR 22 BL ) 28 n R
T2 25 T8, TR S 2 W AR [ 24547 IR o B T 5 B R E VR T A D% 0 D e FRAS

(Cancer treatment-related cardiac dysfunction, CTRCD) L e & #16Y7 JEIE T
HEJFH, X TEERR, WEPWEE WG KAEEL, Fit, XEZBaiE
J7 1) HER2+BC & 5T e O Dy RE M I I Ay 0, 3 BT F0B O I B 1tk AR i A A
(10T, 38 A MW PR Co LA 40 e i R ) S vy gt g, AT T HER2+BC S EE2 k&R )T
Ja A A D,

OV FRE AR 1% (Cardiac magnetic resonance imaging, CMR) # A A AL O T fE
A “EhRiE” , {H CMR B AR Z 2 RIE, AN EJE &5 2 R
SE BB AT IL IR &, H CMR St & &, 350 & Ja A BRI B K2, 03
KIFEAE LB, AT E MR o K RES 8 B VP O IE S5 M S5 DhRE I ARE 50, BN i R e U
CTRCD WHIEFZ G FE. HEl, WKL OABROIEER A 5 £ E
V) S L B S HEARAT VAL o SR, EIR TV E R GG RS i v, B2 TR R AN A2
BRI B A B 51, 7E CTRCD [ A I S w33 A7 AE — € JRy BR 03T

BEAF ¢ T CTRCD WM 5K 5CE T 200 = (Left Ventricle, LV) Zhgg )il & A19F
i, BEWNAMERS BT R A O Z S 530 (Left ventricular ejection fraction, LVEF)
SR HER2+BC AT 2590 AR R 2506 O DI e S5 AR R . SR A O3l e

( American Society of Echocardiography, ASE) ¥ CTRCD & X N LVEF #3428 T [F =
10%, H LVEF [#2 53%LA N, 3 I R 3 R 94 ) CTRCD by Toie 2 5 A 0
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JiaEvER, LVEF BURYTHT FFE=10% H. LVEF F# % 50%LA RS, Haf, M A4S &
4 Simpson %2 Im PRI E LVEF 1% #7775, (HIXF772356 & 3 R RR: M 8
P E LVEF B, H25 R s RO T U m b #AbiR E L B EH &8, mTHEEMWRE, A
[E R T2 R ik, 4EE A (Simpson) 2: 0 75566} 2200 &= J LA T &S HEAT HE AR
B, MELLELSE I B R KO Z A5, PITERAS ISR I BUE R YE 2 PR . DRI L —
S0 a) K (Two-dimensional echocardiography, 2DE) %€ [t) LVEF #USE 545 7+ 5
PSRRI A R, A AE LR IR AT 245400 S 0] 2590 B SR 0 s R Co LA A, 22 T0UAE
57~ LVEF £ 22 00 IE7 5 Hoxt O UL s R 405 B SNy s, AN REAE IR YT BHRAER IR
O I Dy Rl e-18],

REAEAEFi$E7s, £ 0= (Right ventricle, RV) Jif S EEONLEFEEGE . LR 41485
FEIRTEAR, AR 1% XS0 U AT T 2454 S8 0] 25 S5 Ak 25 1 DR 7 BE N i
JE&IT, Rossetto 55 N A 783 B LR AT B8 LV DhRe A tH B4R Bk 75 e bn 7 W I
RV Thfg Bl R I0H B B 1) F RREa iR, b, REMEIEIESE R, RV 454 B4 50
DIReRErG A S B Co IEHE AR 52 AR RE, B O ML 78 s S 3 AN R 10 [ S Fa il pe] 51210,
BRI, 7R FIOGHE LV ThRem FIRy, RSP RV Dhie BA RS REEMIRRE . H
RV M0 a5 MR, TEAS AR, 5 60— 4 7 R DA 7 Al 2 17 5 240 RV DI g
AR,

— 403K (Three-dimensional echocardiography, 3DE) il bR W i 35 52
T RV E RS 25, AT LR ) 2DE, 3DE JG& Mk RV JEA
B, ATEEETAERBEE T 20 EE, ML A O =& K AR AEM (Right
ventricular end-diastolic volume, RVEDV) | U4 K 7R (Right ventricular end-systolic
volume, RVESV) . f.OZEAHE % & (Right ventricular stroke volume, RVSV) KA
O FE S M50 %0 (Right ventricular ejection fraction, RVEF) 2 uERfIl & . {5477}
H 2 3DE 7 M A R VE IR AR B R 2% . U AL BB G, MR 45 R Rt 5P E
P v B ARG T- B AL P 2 0E RV = R i) 245 440 1 72 (8] 52 8 ) B AR+ R ) BASR AR T 26

4 H 3 = 48 4 0 F F & ( Three-dimensional fully automated right ventricular
quantification, 3D-Auto-RV) #fF:, WRKITHL# 7 > EIEM @ N TR ek 3h M B& R n 5
S EEEAL, GRE MK =4E RV B AHUR TSR, 456 =48 RV BHI45FHE, 7T H
BRI E N A FAMME RV FIJERZE SR, BRA RV LIS OERA R, 7RV %
A R 25 B Bhas o3 #1145 RV AR RV AN I ) figd 510 712 285 T e DAVRE A U 271

3D-Auto-RV BEvi e " —4EH A EAl RV DhEERT 2% T RV B, (XTI
WIHTIHHE, SEBONE S SRR s 2728, Wogth 172 H3) 3DE & ZF-3)4)
B0 WA S AT - RIAR, ATA PR IR IR R, R8s T =S,
KRBT N AR ZER RV B R DR 50 & 245 R a5z 230, H\i &A 2 Wi 7ok
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52 3D-Auto-RV AR ZEM & i A RVEDV. RVESV. RVSV } RVEF % =42 ¥J51 5
CMR X —VFAf RV R B8 1 S hm R 0 HH A8 4 1 — B 2300,

197 259 S B 1) 25 ) B0 LS MR IE 23 51O i W IR 30 71 = i e, laE g
CMRP7, i\ & % (Vector flow mapping, VFM) Flid 52k F A% M3 (Particle
imaging velocimetry, PIV) BSIZEAT AL PEAl . VM J&2& TRt 2 B f1 — 438 8
B PP OB N LR R R AR « BRI AME R AR s S,
WSS HISRAmAS, 5 H 2% s IR R e S KN B 3s sl ), A B2 a5 R I 37 1]
EAERE, AR IZHE R E S E A O AR RS, IR RIS IRTEAS .

W5 PIV BURLLEE, B VEM 321 1 i3t m) fE 0000 A P e sEB). B VEM
THEH M BEREIFE (Energy loss, BL) &M LA REVEAE A FEFa bR, EL KRN
Oy YIS P LI DR 1 B 25 e 9 AR T R HUE O B N AR &, %38 e P
A SCHRIRIEOL, o P I 0 H B S BRI B Re R R, PHAEATT I I RERSR, MR,
AR AR E BRI R EL BUK, AR T ReE4ERas. Garcia SE KB+
PE BT E KRR A S i A S KRR A A AR AT SR EL Bl & T IR A
T, Wk B0 B R 3 PN A B IR Y T 7 A ), R I YRR A B R 4 2K 1D e AT O PR A
HER2+BC BX& 697 B0 E D Re G52 (3 i 77 1%

AT FEEET 3D-Auto-RV F VEM PIFHHAR, MO ILI7 220 LR Bh 7722 1) £ BEVE A
HER2+BC HERKEIGITHI G I RV G Ijae32 L, 85T 3D-Auto-RV Z%1 ¢ EL 7£ 5
HIPEAS CTRCD H A . LA A I AR s 0 2 5 0 ST B G L 1l ¥ 977 O JUE P 25
VE R AL TE R To O AR AR
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BIE MRERE

1.1 RFIR

N 2023 4 7 H & 2025 4F 12 A T K255 — B IR B 40 1l DA 99 3LIE S5 1Y
HER2+BC 5 74 /£ 75 HER2+BC H;  [FIIEHL 50 44 14 75 AN AE A T e 1) 4 e 22 1k
HBEEENIEFE A, XL EEELENT AR S Sk, rE s g
K S U TR PR A B 25 IR e S, I XCF I Simpson U737 LVEF 3401 1E 5 Ju

3 AILE LR =AM ] g6 HER2+BC 3% RV DIRedHATR0 Ml : 1 RIGIT AR HT 2 R
W (TO) « BRAVAITEE 2 MRS G 2 RN (T2) FIBEEIATT S 4 AN A WSS R 5 1)
2 RN (T4

RGN SRR ARAE, HEBR 19 B CABFF 4G HER2+BC HILGIN 74 5, HIFETS
SR RV HERR 12 s BRI AN 2 4 FIAHERR 5 1 DI 25 0™ i, R 5 SR YT
29HERR 100 A IR 13D, &GN 5541,

AL OISR EEREAC B S A b, B A0 GAE S 5 U0 AR A 35 O 1% 1R &

1.1.1 PANIRE

O AL P22 R E R LS . QKR FLIE HER2 flllfa g (2019 fi) 12
[R5 W bn it 3 I S e 4 S A0 I 7R HER2 (3+) , B 4 44 2446 I 2. 7R HER2
(2+) , P R A 28 AR M S A7 A HER2 FER9 3 @F R/ T 18 & 65
Ji % 2 [i); @EATEYTHT LVEF 38>50%; G52 LR R AW N Bl i T i &
Pt HER2 $#E[a)yay7, AR a7 77 S 0046 ih 2 2R S i SR 8y 7 Bt 22 BR SR+ 1 22 2k
BPOBERIRIT, LA 21 RA—ANEH, BITrfE 2R 4 NI
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