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Evaluation of early monitoring of cardiotoxicity induced by anthracyclines
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Abstract: Objective Anthracyclines (ANT) are effective for leukemia and solid tumors. However the long-term life
quality of patients is seriously affected by ANT-related cardiotoxicity. The aim of this study was to evaluate the value of two
dimension echocardiography (2DE) and serum biochemical indicators in monitoring ANT-related cardiotoxicity. Methods
Seventy children who received ANT chemotherapy ( ANT dose: 124 =73 mg/m’) and were followed up for 22 + 13 months
were enrolled. 2DE with aspects of conventional indexes (left ventricular diameter and wall thickness, ejection fraction,
E/A), myocardial performance index (MPI) and tissue Doppler imaging ( TDI) were performed. Serum levels of troponin
(CTnl) and brain natriuretic peptide ( BNP) were measured. Thirty-seven healthy children served as the control group.
Results There were no significant differences in conventional indexes of 2DE between the ANT and the control groups.
The MPI of left and right ventricular in the ANT group increased significantly compared with that in the control group
(0.237 £0.06 vs 0.203 £0.06, 0.171 £0.05 vs 0. 140 £0. 04 respectively; P <0.01). TDI showed the late diastolic
peak velocity in the basal and middle sections of left ventricular, interventricular septum and right ventricular in the ANT
group were significantly higher than the controls. There were significant differences in the ratio of early to late diastolic peak
velocity of the middle section of left ventricular and the basal and middle sections of the interventricular septum between the
two groups (P <0.05). The changes of MPI and TDI became more obvious with the increased dose of ANT. There were no
significant differences in serum Ctnl and BNP levels between the two groups. Conclusions The heart function of patients
who received ANT chemotherapy needs to be monitored for a long term. MPI and TDI can be used as early indexes for
monitoring the heart function. [ Chin J Contemp Pediatr, 2011, 13 (6) :490 —494 |

Key words: Anthracycline; Cardiotoxicity ; Echocardiography; Troponin; Brain natriuretic peptide; Child

BEIRZE25Y) (anthracycline , ANT ) HL A & 30T 1L (anthracycline-related cardiotoxicity, AC) , % K 5
TR G 9 S SRR VR R ARG 5L A0 0k B M) 1 AR G LB B A e B AR 0 i . 96 [ SR
[ ks H #112010 - 11 =255 [ & [nl H #2011 - 01 - 08

[AEE A TR, Lo, it AR B BRI
[ fE 1R ) B, TARBEIN .

- 490 -



55 13 B 6 1)
2011 4£ 6

W E % &L &

Chin J Contemp Pediatr

Vol. 13 No. 6
Jun. 2011

B 1974 ~ 1990 4F 1t 50% YW s 8 ) L2
TANTIRYT, H S R4 S O A DG FE TR 1Y
IR 2 TE 3 ABERY 8 45 o JRAF AR SR B T 257k
JIE AR ANT fff {150 &5 2%, DLl AC, BN
A 25 5 B AC B RR S R, RVEARAIR Y 22
R 2 3 R o B O L2 10 7 g A
FHOLWUR o DRI W0 R 9% 9915
D ACEXER, ZHEZE AL (2DE) K&
O WUEATE bR & B AT Z T IO W RE R o)
PRI T 12 , 0 HE 3 A 7 T e e s 0 s o LT
PEFE % (MPL) | 41 40 % 3% 8y ('TDI) K Jigi A1) 44 ik
(BNP) S54RI 4 1 b Rl Jr 32 () Uk (1
WA T E IR AR AR IR B s R AC 14 (B
AR . AFFE B e 2DE K155 8 F (CT-
nl) BNP S548 r 6 3 B i i e B ] ANT &
JLIY G IEDIRE , AVPAN 25 36 b5 I AC 138 LKA
Bl
1 BRSHE
1.1 FFRMK

EHE 2003 4E 8 J %2009 4 3 HAEAE bt L
B MR RHE 2 ANT 3697, A0 7y F R 4l
S5, IRIm RS 2GR I WA DT Y I SR b
T iE L 70 AR I 2H 55 39 i, 2 31 i AR 1 ~
16 % SF-X4E 0 7.3 £3.8 5 (FP 4R :6 £5 %),
RIS A2 14 % (P ALAER 4 £5 %) 0 Frfy
PIROP S o257t Y40 E YA} s

HEBRARE : O A7 HT T A O WU I 45845 58 0
HEIRE SRR MO G O U B0 355 @A I 4
PRI e L Hs AT LB EhRE A2 45 ( ALT (AST | i 37 LT
IR TFIEH ERRAE 2 £%) A8 4 B PSR 3% 1ML
(MM ER <28% ) ;B AIF 2 MEERGL:; @ 1myEH
il o7 ROV ZE L Oy R O R B BE AR R 12
HEBRC M4 R GE0 RO FRARAS 25 37 91 ) I 4
F21 ), 2 16 i, AR 1 ~15 2 P RAERY 6.7 +
3.5 %,
1.2 FEFik

B EILPT IR 28 ANT 2597, 4% HoAs A 200 Ik
TSRO R AL R B (R 1) i T8k F 8L
Pkt )E ANT B3R5 h 3 41 <80 mg/m*,80 ~
150 mg/m* % >150 mg/m’,
1.3 FEMHFRE

HA KA I Accuson Sequoia C512 % 8, £ 3%
B2 B e PE 8V3 Sk, KA 3 ~ 8 Hy;

CTnl . Jwj F 3¢ [E Beckman Coulter 22 1) Access 4 H
SITORL T~ A 27 S G ASURS W) 5 22 58 2AS s fi 1) 4 JORC T £
( NT-pro-BNP) : ¥ FH #ij + Hoffmann-La Roche 73 ]
[) cobase411 4= H gl FLAb 2 & BRI

F1 ANT Ky 5

iy HALRE B5% AC KA FFIHE (mg/m?)
F%5 2 (DOX) 1 450
FL1 %% (DAU) 0.5 900
52 (EPI) 0.5 935
EHAZOEEK(IDA) 2 225
AT (MTX) 2.2 200
1.4 #®NImE
1.4.1 2DE AR AT R R A i R B A

WA S BEJR T, TH3 70 2 mass (%45 b X AR 3R
T ARbRAL) e 3 5 i 0 B (LVER ) |75 3 45 5 73 45
(LVES) 55 = =T o L S0 (i (I )
E W s n] ] (DT) | &F 5K Mo 300 04 B0 3 ( A 08 ) | JF
THHE E/A,

T AT YT (R 3 Jik e b U T ) K Jik v 22
W BIBE A BUE T 32 il sl DR 1RSI MPT, AR A5
WA KL A S, 00 =t 2l K S i B ) b, S0
TR A WL TR — BTG (R] 4 s (] ] B
a, TR ZE A% MPL (MPT = a-b/b) .

Jei sl bk g (PW-) TDI, 002 DU Js ) T4 B
BIVE T A 2 BEIL G B ( ZAMER K ) v ] B
‘5 [A] A REIE B L i 1E) B, A 38 BE LIS B ( = RAER K
) HRTRLBE 6 A B, 1 RSk T 1), R g b i
FEARE Oz 3 5 m Ry ( <20°) , 9475 38k
arHEER S 5 RS B 15, DUIR U (3 TDI
AT W A5 1T B AR B 4 258 Bl W B R (Sm) |
EF K P 2UE S U (Em) (&7 7KK 208
S E (Am) , FFH5E Em/Am,

DL FEbR IR 3 ~ 5 0 al I, IE IO
BME.

1.4.2  @FspuALigAzn 2 7E1T 2DE ki
HH LR T INEFRICR M 2 mL, RS 7 B e
O, B ILTEFRAS , — 80°PRAF s 73 S 4G CTnl (pg/L)
F NT-pro-BNP( pg/mL) , CTnl I NT-pro-BNP A9
HWAEST M 0.01 ~0.04 we/L Fl <285 pg/mL,

L5 SHitZESH

IH] SPSS 1.5 GEitH it A5 geit oot , vt ot
BHEZS M R + bR 22 (v £ 5) 2R, 21 ]2
PR o« K36 A5 28 23 B, AR IR 2S00 A R AL +
PO o3 KR ] BE 2R 2H ] LR FHAE S HR AR 56

. 491 -



55 13 B 6 1)
2011 4£ 6

W E % &L &

Chin J Contemp Pediatr

Vol. 13 No. 6
Jun. 2011

AR (8] A 556 28 HTBUAE 8AH 156 R o B i 56
P <0.05 25 A Gt o

2 #R

2.1 ImARFER

S I ZH L ANT J7 2 23R 45 oK 2 AR BE DT (R
R 2DE JAAGER) BRI FE R 1 ~49 Sk Vs
ISR 22 £ 13 F (Hiifa]:20 £23 7 ), ANT RF]
F4:50 ~699 mg/m’ , SFIFH 4R 187 + 134 mg/m’ ;3%
B2 ANT B0 I BEPE SF 200 = W e Ak R B LS
ANT 2 H] 5. 25 ~ 350 mg/m”, 34 5] 5. 124 +
73 mg/m’, HHr ANT S5+ <80 mg/m’ 25 14,80 ~
150 mg/m” 24 f5i], >150 mg/m” 21 il g4l Fixt i
RIS IARR IR % N 22 R TEs R R
X

22 BERE
2.2.1 EHAN I 19 2H R L & AR 3% T FR bR AL

WA A BE IR K /%8 mass 5550 B4 HUER
ZES G B 3 L ZE % W 4R B e (LVEF,
LVFS) B /e A7 &P K NBE(E 6 A 1§ (E/A DT) 5

Xt BEZH LR 22 SR OR BG4 L IR B0 I fe s
TEIEH TR,
2.2.2 MPI e A% MPL B i F X BR A, 22

FSEAGIFEL(P<0.01) (£2), #nimhld
LA WHR ET IR RERON BRZH 2%
2.2.3 TDI 95 191 41 5 %) RE A EE 32 4515 B Sm,
Em 228 gt 7 5 Lo 55X R4 8, 9 )
ZHAE Z A LR B, b R B Am B IR G S, b (A] B
Em/Am B FEG, Z R A SHITFE X (P <0.05);
o 9] 2 2 1] oy 000 366 G B v [RD B A 137 ] 08 14
Em/Am P8 B BEAG, S0 L2 S A git2e &
S(FR2) o [RIE 5 9 4 A4 25 M LI B (] BE Am
P Aont HRAT W Wl 3 55 (P < 0. 05) , H ] B R 56 JIC Bt
(1) Em/Am 5555 A TLHR 22 S o Ge it 27 Lo 427
B B EPIK DI RE S o
2.3 MmMFOCAMENRIEHENER

37 %t BREH L H 20 1145 32 0 LA AR IC )
RO, oA AR ITE IR WS N . A 1H 70 41 58
JLH 59 47 CTnl £ ,44 34T NT-BNP #:0, &
P ANT SR > 150 mg/m’ [ 4 I, CTnl B 5 5
TRHRZH . <80 mg/m” Fl 80 ~ 150 mg/m’ & JL; 1
54 [E] NT-BNP 22 ¥ Josiit2gm Lo WK 3,

xr2 %t BB 48 & 5% 5 22 MPI % TDI-Em,Em/Am Lt
B (vis)
popiizEs I 4 3 )
(3:37ﬂ) f@i Hi P
MPI
I 0.20 £0.06 0.24£0.06 2.707 0.008
e 0.14+£0.04 0.17£0.05 3.146 0.002
TDI (m/s)
A LB Am 0.11£0.02 0.12£0.03 2.403 0.018
e a B Am 0.07 £0.01 0.08 £0.02 3.018 0.003
ZeE B Em/Am 2.88 £0.58 2.62+0.62 2.052 0.043
ER KB Am 0.09£0.02 0.10£0.02 2.674 0.009
HAEAEE: Em/Am 2.01 £0.44  1.75+0.36 —3.298 0.001
ZRIFEHEIBL Am 0.07 +0.01 0.08 +0.01 2.889 0.005
FEEFEEE Em/Am  2.22 £0.46  2.00 £0.45 —2.329 0.022
IR Am 0.13£0.02 0.15+0.03 2.697 0.008
FEHKE  Em/Am 1,61 20.31 1.50+0.34 —1.626 0.107
A a B Am 0.11£0.02 0.12+0.03 2.641 0.010
AEPEEE Em/Am 1.53£0.33  1.39+0.34 —1.943 0.055

%3 £ CTnl #01 NT-BNP /K F b5

(x%5)

el % CTnl(RkK)  #I1%C  NT-BNP(pg/mL)
XJ R 20 37 +21 20 92 +82
A 59 44122 44 133 +89
<80 mg/m’ 21 38 £22 11 123 +88
80 ~ 150 mg/m> 18 37 +20 15 119 +118
>150 mg/m> 20 56 £ 19 18 151 +59
FAH 4.205 1.459
Pl 0.008 0.235

a: GATIRYL L, P <0.01; b: 5 <80 mg/m® 41 4%, P <0.01;
c: 580 ~ 150 mg/m? 4 L4, P <0.01

2.4 FERBFIEXHCAEIIBER R0

L ANT B 5 % W PR LR BL A B ALK
Eeiy Am Jz CTnl K-SR IEARSE, 5 LVEF /2 5 B IR
B, g n] PR AL R B | ) BORI A 28 3 I B L ] BEAY
Em/Am B (£ 4) {2 ANT RHERF &5 MPI
Jt pro-BNP JCH A KA

x4 EBEFRFESEZSEWBXIT
r{H PE

LVEF -0.294 0.013
CTnl 0.382 0.003
Am(m/s)

=5[] P BRI B 0.290 0.016

HEILRE 0.262 0.03
Em/Am

JE A B -0.240 0.049

% ) PR R B -0.278 0.021

% 1) B r ) B -0.271 0.025

Va-£-9/id=13 -0.409 <0.001

FE B -0.351 0.003

. 492 -



55 13 B 6 1)
2011 4£ 6

W E % &L &

Chin J Contemp Pediatr

Vol. 13 No. 6
Jun. 2011

B ANT SRR &0 e, 4L ULE
%5 MPI B W38 w5, 0 JULA% 35 B Am SR 7 8
Em/Am EARZHTHAR . Hrb 2R > 150 mg/m’
L A7 aE MPL R H50) IR 20 W] 14 5, BAR R
12 80 ~ 150 mg/m” ZH LA AT % MPT W 5 F 4
B, BRI <80 mg/m® 4L A E MPL 5
X BB HAey TO W S 2 S T EL I BRI
Jin, TDT s .0 U BEZ Wi &2, SRR &

<80 mg/m* ZH FB LAY 72 % K 5 ) B v ) B Am 45
Xit B4 4 15 5 BB R 80 ~ 150 mg/m® 41 LA %
HBL Am 1 5, = I FE G B Em/Am A% BRI
T+ > 150 mg/m” 2 TDI 54 A LYY Bt 22, 404
FRFEMAEMIERE PR B4 1B Am B H] R
W, Em/ Am B ARG, 550 BRZE A 1L 22 5 A 456

EE N &S,

®S5 BA-MHALEFMPLTDI BIEL B

Xof IR ZH <80 mg/m* 2 80 ~ 150 mg/m” 41 > 150 mg/m?* 4 F Pl

(n=37) (n=25) (n=24) (n=21)
R () 6.9+3.5 6.3£2.9 7.6+3.9 8.0+4.4 1.126 0.342
L FE (Y min) 92 +17 97 13 92 +12 96 17 0.905 0.441
PRI (m?) 0.91 +0.29 0.89 +0.23 0.99 +0.32 1.06 +0.34 1.635 0.186
LVEF 70 £4 70 £4 69 =5 66 + 6" 3.009 0.034
722 MPI 0.20 +0.06 0.23 +0.07 0.23 £0.06 0.25 +0.06" 2.961 0.036
42 MPI 0.14 £0.04 0.16 +0.05 0.18 £0.06" 0.17 +0.04* 4.264 0.007
TDI
e E B Am 0.07 +0.01 0.08 +0.02° 0.09 +0.02" 0.08 +0.02 3.432 0.02
() R E B Am 0.09 +0.02 0.10 £0.01 0.10 £0.02 0.11 £0.03" 3.692 0.014
25 )R AL GE: Em/ Am 2.0+0.4 1.8+0.3 1.8 +0.4° 1.6 £0.4" 4.538 0.005
2 ] Hh ) B Am 0.07 +0.01 0.08 +0.01° 0.07 £0.01 0.08 +0.02" 4.390 0.006
T E Em/Am 2.2+0.5 2.1+0.3 2.1+0.5 1.8+0.5° 3.836 0.012
FrEREE: Am 0.13 £0.02 0.14 £0.02 0.14 +0.03 0.16 +0.05" 3.032 0.033
F BB Em/Am 1.6 £0.3 1.6 £0.4 1.5+0.3 1.4 £0.3° 3.676 0.015
FiE A Bt Am 0.11 £0.02 1.12 +0.02 0.12 £0.02 0.13 +0.04" 3.026 0.033
A B Em/Am 1.5+0.3 1.5+0.3 1.4+0.3 1.3+0.3"° 3.482 0.019

a: G HRYLLHR, P <0.05; by 5XTHRAL LA, P <0.01; ¢: 5 <80 mg/m® 41 FLik, P <0.05; d: 5 80 ~ 150 mg/m? 4 Hb4%, P <0.05

AV

3 1t

5
HAETA K, ANT =205 1 80 Ak by 45405 7 A= —
ZIOMERE R, 16455 (reactive oxygen spe-
cies, ROS) AL WSRO WLAH M, ) Bsf 369 3 o) 22
T GE R B R A W, 51 R 4B R DNA
(mtDNA ) (65 5k 1 5 A5 S5 T BR 48 AL IR 08 e , DA 32
— BN ROS A B, 90 26 b A 19 26 0 A iR, T R
ROS—mtDNA—ROS FRSEEIRFR , MM PR 1E 45
1R B2 22 G AP a7 , & ANT 3B &8 M0 iE
B R BRI R B i R ANT 2
TR B L AT 2o P 00 % R 00 e A 0 g 56385 ( CHF) |
ORI % 2% (L ANT (85 7R FH AR BE 58 41
Fro EELOMEHr /%2 (AHA/ACC) $5 RN N #
% ANT 3597 UL B B AT AR IR, d Ak F
CHF {9 A 5 B BB, B CHF 95 o ARED X
BRIGETEALI TS5 R G 15 ~ 25 AR IR E A &40
WU RIATRE™ o EIRGE R AR, 4o 3] 9 2 43 i

HARFAAE . P, B IR L S AR AR
R R B LI I R AC, B0 9, B 1.0 3h g
20 Ak, X B v MR L AR A i T Ay
HE,

2DE H Tt etk HERE R R S v i) 2 T
Rl AC, RV Z 4GB IESE K 5 ANT 2 3808
HoD MR s ik DIRERH BN R, 22 % 5 B far B B 4
LT (AR I PR T 46 3 o R ANT 2R
Jo , AT A B L3R % AL 2DE 48 Fx W D0 4900 30 i R
AC FfUBE 3% T . 2010 4F Rathe 2510 475 24
BERIFE <300 mg/m” (F-3:250 mg/m?) i ,2 4FJ5
BEA L E RIFEARE,S FEA LA E NG
Ko MPLARSZLE SIS Bt W4 Ho R &F ik i
AR IR, AT [ B WO RN BT 5K DI RE 5 BifLCo JIE
s B K DI RE R [, MPT {38 K, Ishii 261 3 3H
ANT <200 mg/m’ I <400 mg/m” [} ,30% ~83% 1 &
JL MPT S35 fH LA 40 45 53 B (FS) Y4 1E &
S, ANT > 400 mg/m” i, 100% [ £ JL MPT 5%
HoEn T FS S H AN 45% . Eidem 25 % B bE

- 493 -



55 13 B 6 1)
2011 4£ 6

T E % KILA L E
Chin J Contemp Pediatr

Vol. 13 No. 6
Jun. 2011

ANT 50 5 34 55, MPL 3238 38 51, 28057 & 35 200 ~
400 mg/m* [}, MPL 45 FH 24 i S %t BE 4 34 b 35 4 344
15, 1M FS E/A AEAEASH S, S0\ Sy MPT i B S8,
S ANT (.00 BE 5 PEAE o TDI AN 32 25 5 171 £ 119
S, A (] A S IO L2241 B i 1 (Sm) i/ 5
9B (Em Am Em/Am) 414132 sh iRk ; 515450
2DE L, 760 IERE U4 1) R 5 5 i) gk ] & B R
WLEhBEST & o SCHRIRGE , XF B K L3 i F 5T 38 %
L TDI #:4% 558 2DE 4545 (FS E/A &%) REHE B & B
AC, BRI 0 &F K D aE 5% 5 B B AU =1 &
Em % @ FE, Am 3% %0 ¥ &, Em/Am & 7 %
21 ABIFSE % UG il 41 MPL,TDI 55 %} B 41 H
WZEFAG2FE S, M HBEE ANT 2R & 13
N2 SR s s {H 2R A 2DE $84R 10 EF (FS (E/A
AR i HL BT G B R AR AR 4
R YRR UL TDI A A8 4620 A Bif g v B
I <80 mg/m’ (i LA H 430 WL B TDI 57
LRSS Z AL, $E8 MPLTDI #4445 2DE g
LA R ANT X O TIRE M R M. X2
ANT 3597 & B TCAT AT O SO RE AR 42l R B B, IR 75
BRI YT, 2R > 150 mg/m® 8L N
WX 4 o

MLE IR PRE U 2DE R AC 1y
A ST S (R E AN I AT A 4
#R5r R BN~ ANT 397 J5 CTnl, NT-BNP 7253
1, AT RE R ULz i & B DR I fE R R R, 5
H™ T A T — S ST R R & B
ANT 3697 J5 5 .0 Y) 8 B B4 #H ¢ i CTnl, BNP 4%
1 AT I 3 AT ] BAR R R 4 L
I 3% NT-BNP F7E IE 5 {6 [, 50 A4 e 22 %
GiileE R XA ANT B2 > 150 mg/m® {1 L
CTnIZK P-4 %6 HRZH . <80 mg/m’ 2H & 80 ~ 150 mg/m’
ZH A S PR LT O A AR FE AR B R A RE R
2DE W5 AC FER

L5 L PTR  He 2 ANT 3897 LTI % VI b
i, o H R > 150 mg/m® 3% ; MPI TDI %% %; 2DE
e R R e ANT S £ 5O D RE A2 .

=4
5

(& % X #]

[1] Green DM, Grigoriev YA, Nan B, Takashima JR, Norkool PA,
D’Angio GJ, et al. Congestive heart failure after treatment for
Wilms' tumor: a report from the National Wilms’ Tumor Study
Group[ J]. J Clin Oncol, 2001, 19(7) :1926-1934.

[2] Guimaraes-Filho F, Tan D, Braga J, Rodrigues A, Waib P, Mat-

(7]

[9]

[10]

[11]

[12]

[13]

[16]

. 494 .

subara B. Ventricular systolic reserve in asymptomatic children
previously treated with low doses of anthracyclines[ J]. Am J Car-
diol, 2007, 100(8) : 1303-1306.

Keefe DL. Anthracycline-induced cardiomyopathy[ J]. Semin On-
col, 2001, 28(4 Suppl 12) : 2-7.

Berthiaume JM, Wallace KB. Adriamycin-induced oxidative mito-
chondrial cardiotoxicity[ J]. Cell Biol Toxicol, 2007, 23(1) ; 15-
25.

Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS,
Ganiats TG, et al. ACC/AHA 2005 Guideline Update for the Di-
agnosis and Management of Chronic Heart Failure in the Adult: a
report of the American College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines [ J ]. Circulation,
2005, 112(12) ; el54-€235.

Adams MJ, Lipshultz SE. Pathophysiology of anthracycline- and
radiation-associated cardiomyopathies: implications for screening
and prevention [ J]. Pediatr Blood Cancer, 2005, 44 (7) : 600-
606.

Santin JC, Deheinzelin D, Junior SP, Lopes LF, de Camargo B.
Late echocardiography assessment of systolic and diastolic function
of the left ventricle in pediatric cancer survivors after anthracycline
therapy[ J]. J Pediatr Hematol Oncol, 2007, 29(11) : 761-765.
Hudson MM, Rai SN, Nunez C, Merchant TE, Marina NM, Zal-
amea N, et al. Noninvasive evaluation of late anthracycline cardiac
toxicity in childhood cancer survivors[ J]. J Clin Oncol, 2007, 25
(24): 3635-3643.

Rathe M, Carlsen NL, Oxhgj H, Nielsen G. Long-term cardiac fol-
low-up of children treated with anthracycline doses of 300 mg/m? or
less for acute lymphoblastic leukemia[ J]. Pediatr Blood Cancer,
2010, 54(3) : 444-448.

Ishii M, Tsutsumi T, Himeno W, Eto G, Furui J, Hashino K, et
al. Sequential evaluation of left ventricular myocardial performance
in children after anthracycline therapy[ J]. Am J Cardiol, 2000,
86(11) . 1279-1281.

Eidem BW, Sapp BG, Suarez CR, Cetta F. Usefulness of the my-
ocardial performance index for early detection of anthracycline-in-
duced cardiotoxicity in children[ J]. Am J Cardiol, 2001, 87
(9): 1120-1122.

Nagy AC, Cserép Z, Tolnay E, Nagykalnai T, Forster T. Early
diagnosis of chemotherapy-induced cardiomyopathy: a prospective
tissue Doppler imaging study [ J]. Pathol Oncol Res, 2008, 14
(1) :69-77.

Stapleton GE, Stapleton SL, Martinez A, Ayres NA, Kovalchin
JP, Bezold LI, et al. Evaluation of longitudinal ventricular function
with tissue Doppler echocardiography in children treated with an-
thracyclines[ J . J Am Soc Echocardiogr, 2007, 20 (5): 492-
497.

Germanakis I, Anagnostatou N, Kalmanti M. Troponins and natri-
uretic peptides in the monitoring of anthracycline cardiotoxicity
[J]. Pediatr Blood Cancer, 2008, 51(3) ; 327-333.

Bryant J, Picot J, Baxter L, Levitt G, Sullivan I, Clegg A. Use of
cardiac markers to assess the toxic effects of anthracyclines given to
children with cancer; a systematic review [ J ]. Eur J Cancer,
2007, 43(13) : 1959-1966.

Dodos F, Halbsguth T, Erdmann E, Hoppe UC. Usefulness of
myocardial performance index and biochemical markers for early
detection of anthracycline-induced cardiotoxicity in adults [ J].

Clin Res Cardiol, 2008, 97(5) : 318-326.

(AL EIRLL)





