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Noninvasive Evaluation of Cardiomyopathy by Measuring
Thickness Change in Local Myocardium
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Abstract

In order to diagnose heart disease, we have developed a method for transcutaneously measuring and analyzing small velocity
signals of the heart wall using ultrasound and conducted experiments in vivo clearly showing differences between results obtained
from healthy human subjects and those obtained from patients with serious cases of doxorubicin cardiomyopathy. It is necessary
to investigate the relationship between the above results obtained by noninvasive measurement and the pathological findings from
actual myocardial tissue. Because it is highly invasive and imposes a high load, however, repeated biopsy in human patients is
difficult. In this study, therefore, small velocity signals on both sides of the interventricular septum (IVS) were measured
noninvasively, and change in thickness of the IVS during one cardiac cycle was evaluated for healthy rabbits (controls) (n=5)
and rabbits with drug-induced cardiomyopathy after administration of anthracycline carcinostatic for periods of about 5 (n=3)
and 10 weeks (n=2). The experimental results confirmed that average ratio of maximum change in thickness of the IVS during
one cardiac cycle to thickness at the time of R-wave (ECG) decreased from 1/4 for controls to 1/8 for those medicated for about
10-weeks as total dose of anthracycline carcinostatic was increased. On the other hand, average percent damage of myocardial
tissue in the IVS increased from 0. 19 in the controls to 38.7% for the 10-week group. We therefore conclude that there is clear
a relationship between measurement results obtained using ultrasound and the pathological findings.

Key Words
Doxorubicin cardiomyopathy, Heart wall vibration, Local myocardial thickening,

Phased tracking, Ultrasonic transcutaneous measurement

1. FC&®HIC

WA, EMEEE T B bk [ TREE Y TS M %
F, EnicBUERIOIEEICHEEICHVORA XS
£ o7, BT, T¥ b 3442 v (anthracycline) %

EHD—>THDH7 F)T7<4 ¥ (adriamycin, :
ADM (F# v JWE ¥ v, doxorubicin)) IZEEIZN L
TS MERiRER L, 2EaME, ik vy
B 7S &R O O 3 h i, FE, BikE, THILdE,
BRME, BRI SRR LTS AVwShT

RO AR TEMER B5 - BETHEHE, SR ERAE TERES LR, R F AR AR AR, PR
F—NEL CESAIEREBERDAE  ('Department of Electrical Engineering Graduate School of Engineering, Tohoku University 05
Ararmaki-aza-Aoba, Aoba-ku,Sendai 980-8579, Japan, Department of Electrical Engineering Faculty of Engineering, Tohoku Gakuin
University 1-13-1 Chuo, Tagajo-shi, Miyagi 985-0873, Japan, ‘Graduate School of Information Sciences Tohoku University, 2-1-1
Katahira, Aoba-ku, Sendai 980-8577, Japan, ‘First Department of Internal Medicine Tohoku University School of Medicine, 2-1
Seiryou-machi, Aoba-ku, Sendai 980-8575, Japan, *Department of Pathology Sendai National Hospital Medical Research Division, 2-8-8

Miyagino, Miyagino—ku, Sendai 983-0045, Japan)
(Received Feb 18, 1998 ; Accepted in final form Apr 13,1988)

J Med Ultrasonics Vol. 25 No.5 (1998)

(625) 23



W3, &ZAM, ADMIEIAEHLZVIIDETH-T
bEficb-TtRE s kiR 59, ZofIEIfE
HELT, BERSRICKE L 0 LI ESA U
5EVHER oA EHEEEATWS, 2hiE, &
ShG®R PR co—RH LB oL s, ®E
BB T DA IOIIET S 5. LHHE 3 HIET,
I o MELAE~EERT 5. FRIC> VLT3 DNA
DOAKEE LB LELIC & 2B EEL &0
HEBLINTWAY, 20 ADM oxtd 2 HE%) 14
HRIVF0LIAHFMAET, FhHicEAEZE QIR
SV, ZOk®, —BicHBERPEDERLTVT
b, ERAFEMRL TZORSEOMED 3 W I3HR
o2 RBR &3 EHBEWDY, Lizhis
T, ZOXIDLBERBOES, WK FEHE L
toREOFREP WO £ T S i, (LT
£ 0 RFT DR EALIC S W T IS B A B DR L
BWETO) CLBMBETH D, S OICBRERHEREIC
B 2atRISHHEER LR L T, X5 RERDBH
SNADLTHRDMELEH B,

O BERMPERO—D LY, FEHXLDF
= 7 TIIEE A W 7 DBEEE O My EE) 0 FE (258
FIETHI & fgdric & b, BRI - AiERE O R &
T-TERO. 20E, £ OBl TRES
ERBICEIFOOHERF B VT, DEEE O/ ES)
WO RICHBERZRSB O EERL
fo. COEEBICXZ0LHOH L VEiEicsVLTE
WiEsEL{ED, # L WIHREBRZHEE LT 5
fobicid, KRR O EERT R & OXIBRRE < S
CEDBNETH B,

REERZM 2T AL LTR), DA TF—F
B &[RRI R IM R 1 B TR R AL LA AR R Y DS T W
5ha. LL, TOFkEH7F— 7RI
L DLAHEFLFEERIG 3 2o EEEREL, BE
~NOFEHBRES, BORLGITI S EPRETH
5.

ZIT, ARFFETIEE P EEEIL OB ORI % R
b, POWMYFPVOESFLBHEREMVT, RELSEE
(control) (n=5) &, ADM O#:5HERIAH 5 MR D
B (0=3) 38X UM 10 BROES (h=2) ZXRE
LT, DAREERE L EZEZONAFERIIOVT,

24 (626)

AR DT AT & 3 RO EENEIE O
fEfTV, B L 700E 0 RE A 2 b 5.0 O IY
fi - BRI o W TR AT - 1o,

EOICRERERE ADM 25 LEEROLH
REHAEAR I DL HERIE & A TT - 7o, RERH
MEAOHEOHIIZ, HMEFH, MlaFrafEEg
DF R & DREOHRPLIHMNEZHSPICTHILET
bV, FlrpEEORY - KAtk L TEEEN
Wi L, NS oB# A EIcT Al Lich D, K
B Tl ARHRR 2 A B 1 2T OZ AT 2L
T, THHSHRERR, BXOERMNZmEELRICoOL
T %17 - 72.

C D & 5L ORI S Z b & EBR O LN
B AR HE L, mFEOMEREFRIC-VTH
B 21T - T, AIHRWHIEHRIEASRKICHATRET S
5T E%ERT.

2. LREBOREAEEFLORE

2.1 (DR O /MR ENE BT D& A
AFETRIHBTAE CEHV TV 2.0EEEDIYL
- R A RS A 2w, £ TOEHEREAOD
HLEMD STOLEMH T TERIFRIC N Hoxg
KEAERET S, BESH S VAEEERE o - 7%
H W THIEE LA o DEBEIC D » TEF L, £ ORE
S5 A—0/EKR 7o - 7EHWTZET 5. ZE
55 DRI OHRIE - A OMIE & W TEHRX
SHEIC BT BB 5 DEE S HRIONLEERN x: (),
(=1, ,N) #5REIc 7 v+ v 7L, SRS
Az 5y MEBEREHE v (s o) ZRIFRCEHRIT
5., ZTOEERICEAMED in vivo FHAIO KBS D
BEIC >V T F iR~ 3,
PERDIMFEHED F 7 F5Hc B VLTI, MEREDS
BEAEEA LI WIY, BEN 70— 7H o MmERE
T TOHRESERINIC—E T d 545, DEEEDORUN
BHEFATROBSIEENCE - TRELSEET B4
W, 7o—7 &0 COEBESER S i KX <
Zibd 5. & T TOMBEENICERE U ot R HA DAL
BOBRELBNS v F v IBHELNLE, TDLE,
MRS FHED & OB y (s 0 et LT, ATH
BITIRRD, 6 BB LI ET S L, RS

J Med Ultrasonics Vol. 25 No.5 (1998)



BEEIEy i t) &yt t+AT) LT, BE
o & BBARIT 510, RIBRIE(LEFAHOA
B5, AG(S) ZBEA LD ETNIE, 2 >DHERM
OREE L -0 L EOEEEE a (A0 (6, ;6,) B
THAZ oM 5,

a(A8(5,);6,) =

x () —Ax

z Mly(x+61;r+AT)—e’“(‘*”y<x;z>|2
x=x; ( 1 )

x () +Ax

W —{\y(x+6 t+AT) P+ | y(x; ) [*}

x=x(t)— ax 2

(1) RoELADHF T 1 DHiOW R TORR IS
(RDOALEEN x; 1) DEH D O 28x DHEPHICBL T,
2ODWEMOEO _FEMEHEL TS, Fh, %
n%E (1) XonRcRbik 2 >OHEOEY T —
THAZ ik BHERELERELLTVWS, TC
T, ZOREESa (M6 ;06,) ER/MNCT S 6, %
ROLMENHE, HB6ICHLT, a(Ad@E);6)
ZIR/NTT S AG(6,) ZRD DD, a(AF(5)) ;6:)
%, AO(6,) TRIMALAEREZFLBLEILKST,
a (A6 (6,) ; 6, EHIMNC T BT A (5,) 3,

exp(jA0(S,)) =exp(j £C(3.)) (2)

LEONE ZCT, CG) BKATEAONhAHER
MHEMHMETH 5.
(1) +Ax
C@,)= = (X):i y¥(x; ) y(x+6, t+AT)  (3)

Eh, £C(8) BHEEEC6) DA%, *REHL
BERT.

S5 FiloitEE, »3HEANTS, 2ETLT
ZO5ERD, ZONTRINOEEELLE 5,7
DEEDANG) 2B 5. = OBRE >N AD
6 V3 &, 0K AT TOFEEED (t+
AT/2) RREI & - TEINTE 3,

(t+ﬁ B AG(& x50
O AT

(4)
T, AT BEFE SV AXERMRE, w=2rf 3%

{5 L7cliFi v 2 O R, co 3BT O

Binods T, AEHNTRH 1540 m/s EBGEL TW

5,

2.2 LEHOBRREAZE(LELORE

iz, LFIORFEAZEAL Ak () ORHEE -

WTETFicb<3

J Med Ultrasonics Vol. 25 No.5 (1998)

ECG , :
ultrasonic diagnosis highass e
equipment ECG
(TOSHIBA SSH-160A )
() 5 A/D converter
Zi(y ,
sampling frequency
PRF=12.0kHz PCG =1.0MHz
ECGT PCG1 ultrasonic probe i
fo=5.0MHz 1
AN '
workstation
U

rabbit
Fig.l System used to measure small velocity signals on
the heart wall of rabbits.
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cular septum (IVS) in a healthy rabbit (control).
Direction of ultrasound beam was adjusted during

the measurement process.
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Table1 Calculation of Results of Local Change in
Thickness of the Interventricular Septum (IVS)
Using Ultrasound (right) and Average Ratio of
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Fig.5 Results of in vivo measurement of change in thick-
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Table2 Average Percent Damage for Each Local
Myocardial Tissue in the Interventricular
Septum (IVS), and the Pathological Findings.

Pathological Findings Percent Damage

Vacuolation Fibrosis All Layers LV Side Middle RV Side

Control - == 0.1% 0.1% 0.1% 0.1%
ADM 5 Weeks + — 5.8% 9.4% 4.5% 3.6%
ADMI0Weeks — ++ +++ 38.7% 57.4% 44.8% 13.8%
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