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[(HZE] B/ NS MR ERE (vector flow mapping, VFM ) AR
I T HEBE TR EE S E N AR AR (layer-specific two-dimensional speckle tracking
imaging, LS2D-STI) P4k 7L AR i 2 SO 20T 5 220 = Th g i o
Fik: BBUEHT201741 H—20174E6 H 82 F0U)1148 N REBHEZTEC %

( ZV5l3E75 mg/m®, FFILAE0 mg/m’. FREEREHS00 mg/m®) byl &
H I H O AT 250, VEMAILS2D-STIZH, R A Bxt ki, Tran
KAFRACTT 548 X R ST RS L Eh Bk A (L7, 4l TO. T1.
T2, T3, T4, T5, T6) , WHEH MBS LAESE; OB 0NN AESE:
FE B O RAH A (endocardial myocardial global longitudinal
strain, GLSendo) . /2.0 AR ] 4ZE ( mid-myocardial global longitudinal
strain, GLSmid) . ODAME T .ONUEEIEIN N A (epicardial myocardial global
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longitudinal strain, GLSepi) ; ZE.0FAEIARERIIFE (energy loss, EL) ,
FEEF IR LW RE B 31FE (early diastolic energy loss, EDC_EL) . &FikiGiHae R
#i#E (late diastolic energy loss, LDC_EL) . 47 ikIfEE#1#E (isovolumic
contraction energy loss, IVC EL) . Pt aemi#E (rapid ejection period
energy loss, REP_EL) FIZE.LE BRI (circulation, CIR) , f3iEE
TR IHAEIRAGE JE (early diastolic circulation, EDC_CIR ) . ik aEE ke
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(late diastolic circulation, LDC_CIR ) . Z£Z&&FKIIHEFREE (isovolumic contraction circulation, IVC_CIR ) . ‘RS ifil
WIMEFRIESE (rapid ejection period circulation, REP_CIR ) %, W47 H S5 BHCSEMT. ER: O Mbyr kB
o, T1~TeZe.rZE W1l 53%% (left ventricular ejection fraction, LVEF ) 3 T022 3 LG T4 X (P>0.05) ; — AR &FKE
U R T 3 S/ R AT ok I S (Ee’ ) WTUTFIAB T H2E S Siit# 2 3L (TO: 5.64; T6: 8.76,
P<0.05) ; @ GLSendo. GLSmid. GLSepifEAHI A HALTOZE RIS ¢ X (P>0.05) , {HE{REE FIHE PR,
TOM R A FE I YA IR, B A IFHIELE R R TRE#H, CIRE LIHEH, Hr, T2~T6MLDC_ELEELTTO, ifi
T2. T4. T6AYLDC CIRfE FT0; EDC EL, IVC EL7ETS. T #K#IL, REP_EL{ETS. T6W &k T4k (P<<0.05) .
LDCHIAHTR AL T HALE A . EL. CIRZMULMFE/e’ . £5i: M VFMKLS2D-STIA Bl BRIy T FLIME B O
WEBEMER A IPAL, JErfEe’ S5GELFICIRYS TIPS A2 O & &7 sk D g 28 (b ] B BLA SE s ZE A9 I RAMA
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[ Abstract ] Objective: To assess the injuries of left ventricular function in breast cancer patients following anthracycline-based
chemotherapy using ultrasonic vector flow mapping (VFM) combined with layer-specific two-dimensional speckle tracking imaging
(LS2D-STI). Methods: A retrospective analysis was conducted on breast cancer patients who underwent chemotherapy with the TEC
regimen (docetaxel 75 mg/m’, epirubicin 90 mg/m’, and cyclophosphamide 500 mg/m®) for the injuries of left ventricular function in
Sichuan Provincial People’s Hospital from January to June 2017. A self-controlled study design was employed, with transthoracic
echocardiography (TTE) performed before chemotherapy and at 48 h after each chemotherapy cycle, for a total of seven assessments
(denoted as TO, T1, T2, T3, T4, TS5, and T6) for parameters of intra-ventricular hemodynamic and transmural strain. Conventional
echocardiographic parameters were collected, along with myocardial layer-specific global longitudinal strain, including endocardial
global longitudinal strain (GLSendo), mid-myocardial global longitudinal strain (GLSmid), and epicardial global longitudinal
strain (GLSepi). Additionally, left intra-ventricular hemodynamic parameters were measured, including global energy loss (EL) ,
comprising early diastolic energy loss (EDC EL), late diastolic energy loss (LDC_EL), isovolumic contraction energy loss (IVC
EL), and rapid ejection period energy loss (REP_EL). Left ventricular global circulation intensity (CIR) was also analyzed, including
early diastolic circulation (EDC_CIR), late diastolic circulation (LDC_CIR), isovolumic contraction circulation (IVC_CIR), and
rapid ejection period circulation (REP_CIR). The collected data were analyzed to assess changes in left ventricular function over
the course of chemotherapy. Results: (D There were no significant differences in left ventricular ejection fraction (LVEF) between
T1-T6 and TO (P>>0.05). The mitral inflow early diastolic peak velocity to mitral annular early diastolic peak velocity ratio (E/e’ )
gradually increased from T1 onward, with statistically significant differences observed (T0: 5.64 to T6: 8.76, P<<0.05). @ There
were no significant differences in GLSendo, GLSmid, or GLSepi at any time point compared to baseline (P>0.05). However, these
parameters showed a trend of initially increasing and then decreasing, with strains at T6 being lower than baseline values. @) EL
showed an overall downward trend, while CIR exhibited an upward trend. Specifically, LDC EL at T2-T6 was significantly lower
than T0O, whereas LDC_CIR at T2, T4, and T6 was higher than T0. EDC_EL and IVC_EL were significantly lower at T5 and T6, and
REP_EL at TS5 and T6 was significantly lower than baseline (P<<0.05). Changes in LDC-phase parameters occurred earlier than those
in other phases. EL and CIR changes occurred later than changes in E/e’ . Conclusion: Ultrasonic VFM and LS2D-STI contribute
to comprehensive assessment of cardiotoxicity in breast cancer patients undergoing anthracycline-based chemotherapy. Among these,
the combination of £/e’  with EL and CIR may have more significant clinical value in evaluating changes in left ventricular diastolic

function.
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1—6 A iz T 01148 A R EE B FLIR S MR- 20
KA TSN FLIE B E . WA O i
=188 W&tk ; @ L BL2E A A UE S FL AR I
H AR Z M 697, @ (P ATLVEFLE T
IEFVERE (50%~80% ) ; @ fbyrin A2 H
oy M iR TT s & AT IR A A O AR
25 (CUNBAZARBH AR . IS 5 7k 2255 Ak B il
F) 5 © WFF AR IR T REAE IR RiE %, FiAT
BE T O HZE D2 O T BB 9 AH DG 2L
Ko HEBRPRE: O GIF ™ORN
Pgi MR O . SR B GO kR L
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1.2 HREFRARTE
1.2.1 —#&EARFTHHOE

R 4 KB T UORE 75 0 3 B R A T I PR E
Sk, WEBEMEAGL, BiElksa. Tk, 5
f L RE L R R AT O R S AR
o TERR I R GE 2 B 10 ) R A A DG LT 22 K
UoE (=LA
122 MEXE

K H H A< Hitachi/ZA 7] ) Aloka Prosound F75%
A2 A2 (R UST-52105,
P 1.5~5.0 MHz ) , BC£&DAS-RSI#H
VFMEMG G A BE T ARG . R H 58 F GE 2 W
[JHealthcare Vivid E9#F1iZ2Wi{Y ( M5Sc-D0r ik
Bk, MiF1.4~4.6 MHz) , BifsEchoPaclkl{f)5
A TAERY (version 204 ) .
123 A FRGEABIERE

ARG R A BT JE xR Tk, ERYT
A M B RART T 45 W5 48 hINREE OB = KIS,
W7 IR RS (2 5liE A To, T,
T2, T3, T4, T5, T6) . KA M L7 Mk
7, R =RBOOHEE, JREImE ., R
R AL A5 & sk A 2 [ fRJEE (interventricular
septal thickness at end-diastole, 1VSd) . &7ik
RO EJFREIREE (left ventricular posterior
wall thickness at end-diastole, LVPWd ) . &7k
AR/ ENTE (left ventricular end-diastolic
diameter, LVDd) ; MIE&FKE . B I N
WA (E. 4) , HHRE/AE; 105%% [H R
TR ET SR B B e’ e O I EE A
MG R R s s Ee , JFITEE
I 700 28 O WU $5 2 (tensin’ s index,
Tei) ; KHXCE R Simpson: it B LVEF, %%k
FKEIN ORI A0 FE ORI . . —
WL AAEE, BEAAE A TAER #1724
VaKii
124 BB

VFMENS 53 Hi{f FHDAS-RST VFM {45 2%
SHT TAESE , XROEEXT G 75 O Bl O AR A0 %
KA U UG T WO EE AT, A4 1 37 28

)ik, REEEFE MR, JFIC AR R o

¥ 1% 5 AEchoPAC 204174 TAF3, BEH
FERR SO DU IR . T B = s O R, i
AQAr T IE, BB YRR AR, K C S E
T RPN IR S AR AL, B A B
B ER O NUE B 0 A2 UG X, T i 2 1 B
WING RS H A SO A0 OHEET O
WL AR YA 18] 2 ( endocardial myocardial global
longitudinal strain, GLSendo ) . H)Z.0 U A
Z\1a) A8 ( mid-myocardial global longitudinal
strain, GLSmid) . /CFME O WU AR 1) i AR
( epicardial myocardial global longitudinal strain,
GLSepi ) o HEARN B Hh R GEARE A7 35 Be g0
[ ASE F BT, A B, WARA
T B3 B AR AR, B AR AR A
TitH.
1.3 GritFAbE

RJUSPSS 27HATHE 40T, P<0.0542%
FAGI PR A RS HJr 225510 1%E
SRR DX RN, pRAR U (%) R, &
A 220 FHEAKEL . CIRRFFSIER 04, ¥
KM (P,s, Prs) EKono BTG
K HEE M & 5224381 (analysis of variance,
ANOVA ) N/Nik 2 22 579 (least significant
difference, LSD ) FHjgk ittt b, RH
Mauchly$kJE 2G50 FLHOAH D S8 700) = 85Ui 1Y)
[ 2E 5

2 4 R

2.1 MRINFELKFFE

[l o 4 A FURIRE BB 441, HERRIEMG BT &
Z B 8 (HERRR M Ay e — ] [ 450 P i
RPN H LA B IC BB B . R LR
BURRAE ARG 22D B s ) |, HEBRR IR ES
B, HEARPITAAIGIEE (K1) .

AN REY LE, Fili29~68%, FH
WY (50.19+9.62) % % (heart rate,
HR) (79.26+10.66) {K/min; B & FIARE K]
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SRR T, ERBUN; BE TR S O
K BRLVEFH =50%, F¥{E N57.32%,
Ele’ {H}5.64 +1.60, RAITRIEE LZOE
W4 U fig S & K DI RE IE % o ARIT T AR (E
(5.90+1.73) x 10°/L, HAwH B IE=FEhREY
AU S8 (£1) .
22 EDLEWHEINEE. FRINESHULTE
b3

BETT45 R R, TO~T64 4 [EHR L% 2% H
TG #m L (P<0.05) ; BEME WNTUT
R E, 5L (T0) MILESFHWHEAS%
TR X (P<0.05) ; 2% Teifs B[Rl FF 22 2 8T
FrEkadh, HiTa~Tedl b & m TR, 2540
GiiteaE L (P<0.05) ; TI~T6MJLVEF. E/AFI
e/afi 54LITHT (TO) ML ZEF TG 245 L
(P>0.05, %£2) .

ZH AR AIE S AT TEC T /ALY
LR B 4440

[ HEBRS B8 }7

v

[ e oy ]

R BERHBEHE

Tab.1 Characteristics of baseline data

FHE B B#E (n=31)
AFi % 50.19 +9.62
N % 100.0

B ii/em 158.35 +5.64
1A EE kg 58.35 + 7.68
Wi e/ mmHg 129.57 +17.01
&7k /mmHg 76.00 = 12.84
HR/ ( {%/min ) 79.26 + 10.66
LVPW/mm 7.77+0.28
IVS/mm 10.81 +1.67
LV (D) /mm 39.87 £3.59
RV (D) /mm 23.35+3.05
LA/mm 30.29 +2.95
LVEF/% 57.32 +8.59
E/A 1.19+0.31
ela 1.43 £0.54
Ele’ 5.64+1.60
e % Tei 0.38+0.13
A0 E Tei 0.35+0.12
48 x 1071 5.90+1.73
LT x 107/L 430035
MLr&EA/ (gL") 12622 +14.2
T/ x 1071 194.59 + 98.46
1 HE (mmol-L™) 5.38+0.58
FHEEAE (gL 2.94 +0.66
U5 1L A [ /s 16.47 £3.55

mRsplEm |,
Wik
\4
[ A il J

Bl #SRLHREER
Fig.1 Research design flow chart

HR: 0%; LVPW: 0GR TVS: E[RIF; LV (D) « &
D EEFRRIIFGFS; RV (D)« AL EERABINTGE; LA:
e IR NS s LVEF: ZDESH0%: Ed. — 43k
AT oI A (L 1M 378 328 B 5 O 11 T I BT A 1R afn 3 3 LUAE
ela: ZHIWAET TR E T 5 T ARTRIAET 5K M S e (15 3
P m b g S (R Y A 727 N ) L

{H; Ele’
DA 32 LUAT

®2 WITAIEECEWNBINGE. SFKINRESHILE

Tab.2 Comparison of left ventricular systolic and diastolic function parameters before and after chemotherapy

28 TO Tl T2 T3 T4 T5 T6
LVEF/% 57.32+8.59 59.52+9.17 58.26 + 7.04 56.84 + 6.47 55.71+5.75 56.30 + 5.66 58.92 +6.22
ElA 1.19+0.31 1.24 +0.20 1.20 +0.29 1.20 +0.34 1.16 £ 0.33 1.18 +0.31 1.14+0.35
ela 143 +0.54 1.54 +0.67 136 +0.52 1.50 + 0.68 1.40 +0.80 1.46 +0.71 1.35+0.69
Ele’ 5.64 £1.60 6.13 147 6.55+1.54° 7.04 £1.59° 7.78 £1.70° 8.12+1.59" 8.76 + 1.75"
e Teit 4L 0.38+0.13 0.40 £ 0.11 0.43+0.14 0.41 £0.15 0.51£0.17° 0.57£0.16" 0.61£0.18"
HR/ ( %/min ) 79.26 +10.66  80.23 +5.21 80.00 + 5.62 80.39 + 5.88 78.48 +5.57 80.81 +5.50 80.42 + 6.07

* H5TOMLL

, P<<0.05.
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2.3 ZIELS2D-STISHFE T SAHEGEE Y (P<0.05) ; &4 GLSepiZ

W BT SRR IR BT MR S BIZEREZIFFE XL (P>0.05, £3) . M
AEchoPac TAEu #4704, 45HER, T1~T6  TO~T6HIGLSendo. GLSmidFIGLSepiZs ik i
[)GLSendo., GLSmidMIGLSepi 5TOM L 2R Lnl i, =FHAfaHIEA—5, (HEAILE
PGB (P>0.05) ; H2, -2  FEARARE. BMOkE, £Z0FELS2D-STIA S
P LLE R B : T1GLSendo STOFHLLZE R AT ZETORIT I TOA T FFE, HES TG ITHE X
it E X (P<0.05) ; T35TSMGLSmid2 (K2) .

®3 ELELNSENERTEN

Tab.3 Changes in myocardial layer-specific strain of the left ventricle during follow-up

ZH TO T1 T2 T3 T4 TS5 T6
GLSendo/% -21.23 +3.82 -22.44 +3.82 -23.12+3.76 -20.69 + 3.79 -21.35+3.28 -24.50 +3.99 -19.86 + 2.84
GLSmid/% -18.43 +3.38 -18.20 +3.92 -19.63 +2.87 -18.58 +3.31 -19.10 +2.52 -20.99 +3.97 -17.99 +2.46
GLSep/% -16.42 +2.98 -17.21 +3.01 -16.87 +3.02 -16.25+3.14 -16.59 +2.18 -17.61 +3.72 -1591 +2.69
N0 1K I S P W R
TIME (fLs7J:1307) TIME (47 J351)
0 TO T1 T2 T3 T4 T5 T6 0 TO T1 T2 T3 T4 T5 T6
_5 -10
=20 —_ I I - ‘}_\_}/—1
_15 40 W
20 =50 T : =
60 r\{\_[_,./—*i-‘g\f/x
=30 B -80
*GLSendo  * GLSmid = GLSepi = GLSendo = GLSmid — GLSepi

E2 ZOEOCISERERIGEL

Fig.2 Changes in myocardial layer-specific strain of the left ventricle during follow-up

2.4 FEILEBEVFMSHLITEIGLE T6MILDC CIR¥E FTOHERA ST #E X

TI%BAHEL . CIRSTOM L, 5B L% (P<0.05) ; T5. TO6HYEDC CIR#TO W Z sk
eEE X (P>0.05) ;3 T2~T6fJLDC_EL#:TO (P<<0.05) ; T6HIVC CIR#:TOF =, HER
WA%; T4, TS. TORWEDC_ELFMIVC_ELIKTOR  AHIF¥EN; BAKE, SHHELE FREE
EWL; TS, TORJREP_EL¥IMLTTO, HZERY)  #, WMCIREMRAK LAY, HLDCH AR
A2 X (P<0.05, &4, 5) . T2, T4, R R T H AR AR (B3, 4) .

®4 ELEBRVFMSHELLLER
Tab.4 Comparison of left ventricular VFM parameters for EL

S8 TO T1 T2 T3 T4 T5 T6
EDC_EL/ 27.53 23.38 27.95 22.00 10.25 9.08 7.88
[J- (m*s) '] (1851, 40.22) (7.08, 39.68) (19.08, 60.12) (11.44, 29.75) (8.00, 15.72) " (6.90, 17.00) ~ (4.97, 10.00) "
LDC_EL/ 8.43 7.22 7.09 6.00 3.58 423 242
[J-(m*s) '] (524, 1928) (3.76, 11.05) (372, 835) " (3.50, 8.00) "~ (1.95, 6.00) " (3.00, 6.27) " (1.96, 4.55)"
IVC_EL/ 5.46 4.05 5.00 3.44 3.75 4.18 5.03
[J-(m’s) "] (282, 1033) (1.78, 6.28) (3.14, 764) (167, 539) (1.60, 7.01) " (3.17, 636) " (4.01, 587) "
REP_EL/ 2.96 3.08 3.94 2.95 2.62 233 1.49

[J-(m’s) '] (197, 428) (188, 5.12) (276, 597) (234, 395) (187, 332) (087, 291)" (1.8, 1.92)"

EDC EL: #F Eﬁiﬂ;ﬁﬁ_;bﬁﬁﬁﬁbﬂﬁ; LDC _EL: %F5kBaize 02 GERike; IVC_EL: SR z2 0 EfeEi#E; REP_EL. Pudilf
M2 O e RS s *: STOMIEL, P<0.05.
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Tab.5 Comparison of left ventricular VFM parameters for CIR

25 TO Tl T2 T3 T4 TS T6
EDC_CIR/ 0.009 4 0.0210 0.0115 0.016 6 0.010 7 0.043 6 0.072 3
(m*s™") (00013, 00285) (00099, 00330) (00018, 00314) (00086, 00258) (00000, 00235) (00183, 00539) " (00400, 0.1203) "
LDC_CIR/ 0.011 6 0.0111 0.016 8 0.0153 0.024 6 0.0255 0.0395
(m*s™") (00038, 00180) (00038, 00267) (00071, 00264) " (00054, 00274) (00124, 00319) " (00076, 00365) = (00225, 0.0606)
IVC_CIR/ 0.016 8 0.015 6 0.020 7 0.020 1 0.020 3 0.024 2 0.036 0
(m*s') (00094, 00224) (00081, 00211) (00091, 00256) (00127, 00335) (00140, 00258) (00153, 00321) (00160, 0.0500) "
REP_CIR/ 0.005 5 0.0116 0.007 8 0.007 3 0.004 7 0.008 8 0.005 6
(m*s') (00016, 00132) (00000, 00271) (00002, 00194) (00008, 00151) (00000, 00100) (00024, 00164) (00000, 00159)

EDC_CIR: #FikFWIAOEERSE; LDC_CIR: #FokMul L0 E 0G50 ; IVC_CIR: SFAFF MO =AM E ; REP_CIR: DUl
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