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To detect abnormal interventricular septal (IVS) motion during exercise-induced ischemia, ergo-
meter exercise echocardiography was performed using a specially deviced transducer in 12 patients
(pts) with effort angina (left anterior descending artery disease) and 10 normal subjects (N) at rest,

and during exercise and recovery.

During exercise, percent systolic IVS thickening (%4T) and IVS excursion (Ex) increased from
52+13% at rest to 73+19% and from 7.0+1.3 mm at rest to 10.6+1.9 mm, respectively, in N, and
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also from 52+23% to 67+36% and from 7.3+1.9 mm to 9.74+2.1 mm in all of 3 pts with distal left
anterior descending artery disease. On the other hand, in 9 pts with proximal left anterior descending
artery disease, %4T and Ex during exercise decreased from 41+179% at rest to 26+25% and from
7.7+1.2mm to 5.1+4.6 mm.

The late systolic wall thickening of IVS was observed during peak exercise in 2 of the 9 pts, one
of whom exhibited systolic IVS thinning and a decrease in diastolic thickness (from 6 mm to 4.5 mm).
In 5 pts with IVS asynergy during exercise diastolic IVS thickness increased maximally from 10.2+
3.3 mm at rest to 11.4+3.5 mm during recovery (reactive hyperemia).

Exercise echocardiography is useful to predict the location of left anterior descending artery disease

and to evaluate IVS performance during exercise-induced ischemia.
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523 ultrasonic micro-crystal % vy, FEMLE
SLDOR/PLLFE® dimension L BEE % 447 L,
Kerber %33 echocardiography EBIRMER
RED RFTLME OBEBIE B L BEE LR IR & DB
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1. Exercise echocardiography
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Table 1. Patients with angina pectoris (stenosis of proxymal LAD)

R IV3 Excursion % AThickness A Thickness  Thmax-2A Chest Pain
No Name Age 3¢x rest max.during rest max.during rest max.during (recovery ) rest max.during during CAG
exercise exercise exercise diastole exercise exercise
1 K.K. 43 M 5 150 7 -1 50 -11 1 30 -70 + LAD
2 K.M. 57 M 50 115 8 -2 20 13 1 80 -100 : + LAD
3 T.A. ST M 69 120 9 2 63 13 1 30 10 + LAD
4 c.s. 46 F 68 143 8 4 33 6 1 50 0 + LAD
5 M.S. 65 M 86 16 5 ] 31 15 2 50 30 + LAD Cx
6 T.F. 54 M 69 98 7 9 36 45 0 4o 4o + LAD Cx RCA
7 s.0. 63 F 66 88 9 10 22 75 0 + ILAD Cx RCA
8 T.F. 4 M 51 122 8 10 31 38 0 60 20 - LAD
9 S.H. 54 F 68 122 8 10 33 4y 1 4o 20 - LAD Cx RCA
MeantSD 53+8 67110 123#20  7.7#1.2 5.1#k.6 U1#17 2625 0.840.6 148116 6147

Abbreviations: HR = heart rate; IVS = interventricular septum; CAG = coronary angiography; LAD = left anterior descending coro-
nary artery; Cx = left circumflex coronary artery; RCA = right coronary artery; max. = maximum; Thmax-2A = interval from maximal
thickness to 2A.

Table 2. Patients with angina pectoris (stenosis of distal LAD)

HR IVS Excursion % AThickness AThickness  Thmax-2A Chest Pain
No Name Age Sex rest max.during rest max.during rest max.during (recovery) rest max.during during CAG
exercise exercise exercise diastole exercise exercise
1 S.A. 60 F A1 107 6 10 43 43 0 50 20 + LAD Cx
2 M.F. 47 M 77 125 6 7 30 40 0 30 20 + LAD
3 T.K. 30 M 70 118 10 12 83 117 0 70 30 + LAD RCA
Mean#SD 46112 7645 11747 7.3#1.9 9.7#2.1 52#23  €7+36 50£16  23#5

Abbreviations same as table 1.

110 #fvy, transducer (% BEES o [l &5 EM» R oEACORROMEL D, LFX
probe % {EF L, strip chart (ZHE% v 50 o IIA FCOEKRRAME L. HEERITREEE

mmy/sec ¢, LERM (I HFE £ Vs FEH), O
ERERBICEF L. D= a—FiE, AR
BikEEkL, -WT, A, AmELbic 30
B LTy, AWBEDRCLEL 60 ETIT-
Iz.
BT 3 EI B4 IR EER L v #E
KDLERE - EERESRTHERELICTT-
7z.

2. Parameter

A 7THT, AfTh, AMgLbic Fig. 1l o2k
EEB, HEE2To. DEPRIRE Ex) 3l

(Thd) FLERO R FEOHATORERL L, X
fEmEEE (Ths) OERO Qi k v .LFR
» A FCORKERL L. %7, IHEHHT
EHEELT, PREEXLEREZDELY, O
EFH o IIA = o (Th max-1TA) #EHAIL
7o, IMEHIBEE L v IRHIREE 2 5 &, $ERH
BEE G L72fE% % £R L7 (%4 Thickness=
Ths—Thd/Thd x100). Ay I L+ % AfF
BIGEHIPIREEE X v, TR SRR &
Blv T, reactive hyperemia D g L L T o
4 Thickness #3R®7z.
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Table 3. Normal subjects

HR IVS Excursion %AThickness AThickness  Thmax-2A
No Name Age Sex rest max.during rest max.during rest mex.during (recovery) rest max.during

exercise exercise exercise diastole exercise
1 KO. 5 F T2 125 7 12 56 78 0 50 20
2 RU. 23 M 50 15 8 13 63 100 0 50 30
3 S.U. 24 M 79 136 6 10 50 75 0 80 20
4 TU. 3W M 60 130 8 11 63 75 0 20 20
5 MK. 26 M 63 146 7 10 33 56 0 ko 30
6 S.U. 24 M T3 176 7 11 63 88 0 4o 20
7 K.I. 23 M 67 133 10 13 71 100 0 4o 20
8 UI. 25 M 62 125 6 7 43 43 0 4o 30
9 T.S. 30 M 59 128 5 8 33 56 0 90 ko
10 T.I. 23 M 51 125 6 1 43 57 0 60 20
MeantSD 2819 649 137415  7.041.3 10.611.9 52413 73#19 51420 2517

Abbreviations same as table 1.

Fig. 1. Normal left ventricular echogram showing measurements of parameters about
interventricular septal motion and thickness.

Ex=interventricular septal excursion; Thd=end-diastolic wall thickness of the interventricular
septum; Ths=maximal systolic wall thickness of the interventricular septum; Thmax=the point of
maximal wall thickness of interventricular septum; IIA=aortic component of the second sound;
Thmax-ITA=time interval from Thmax to IIA.
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Y 73+19% iz, wFh bl . 4 Thickness
0 Thy, ARHRO IERYITRREEE OB
Do holz, £0AH &8 ChIREEE 3 &
Ke Rk v0EFR A £ coprsf (Thmax-
ITA m%R) X 51+20 msec (20~80 msec) L v
25+ 7 msec (20~40 msec) IZ5EHE L7228, 1IA %
X THRARBEE & 72 BIEFIZR S Wi hro T,
Fig. 2 3{gH& 0ARRI, AfP, AWK
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Fig. 2. Echocardiogram in a normal subject before, during and after ergometer exercise

(S. U., 24-y-o0, male).
HR =heart rate.
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EOEL

DFEEOBEENR , ERiTITRIC 75% LA
b o¥sE & B+ BIME 12 fip, ergometer £
FICL VOB EFR L 20, EMEKRE 7
#11(58%), TROCEIRE 3 61 (25%) TH -7, &
D 2451 (17%) 3B & 4 U7 > - 7z (Tables 1,
2).

1)  HEiRE

BLME 12 41 & b RREFFHIRIRIEIX EX T b
Tz, ERTTFTROEMERE TRTFHRLEEZEL
727l S B, AR I RRiRIE i L

R, TOHBIL, 5b2HlicHED dyski-
LVS Ex vs HR
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£
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[
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O x : control
O e : proximal LAD disease
4 4 : distal LAD disease
OO0 a rest
= e o ! exercise
1 1 Il
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IVS % A Thickness

nesis #3Bw7c. L LBAEIRZE 3 #ilix, EH
ERERICARTIC X V.0, PRERIE & b
L7z (Fig. 3).

2) rhfgo %4 Thickness

BeiliE 12 il b, REBFICEHIEO %4
Thickness (32 (FIEH TH » 728, EHI TR
MERECHRLEEE L 7 fih 5 flizARD
HmE &b M L, JIRIRE, %4
Thickness & &2 L7z, BACEBIRZ 3 B3 &
B X 2B oM E L bic, PREIREOHEM
L %4 Thickness D22 L AL % Bz
(Figs. 3, 4).

3) Thmax-IIA BRS

SEOME 12 Bl AT L 3 Do #ine & b
iz, Thmax-ITIA ERIOEREE», ERIFITEE

IVS %4 Th vs HR

3
=)
?

o
S
T

50 100
Heart Rate

150
beat/min

Fig. 3. Changes in excursion (left panel) and in percent systolic wall thickening (right panel)
of the interventricular septum versus heart rate during exercise.

The bars represent mean=+1 standard deviation in the control group. IVS=interventricular sep-
tum; LAD=Ileft anterior descending artery; %4Thickness=percent systolic wall thickening. Each

symbol is described in the figure.
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IVS %4 Th vs IVS Ex
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Fig. 4. Relation between percent systolic wall thickening and excursion of the interventri-

cular septum.

The bars represent mean+1 standard deviation in the control group. In the control group, the
percent systolic wall thickening of the IVS increases with an increase of the excursion of the IVS
during exercise. However, in 5 of 9 patients with proximal LAD disease both the percent systolic wall
thickening and excursion of the IVS increase in the early stage of exercise, but thereafter dramati-

cally decrease in the late stage of exercise.

PHFEETHRLBEELCRL 7 HH S5 Flig,
Thmax-1IA BRIOBWA & & b i RIS O R
&, %4 Thickness DIET 2Bz, SbicED
SHIF 2Hlic AR O #EITL & bic, Thmax-IIA
RN A LA B, 2 0LERD ITA 28z T
hIREBEE A Fr K L7 B late systolic thickening,
B UHFED dyskinesis RFEbhiz. EATLRR
% 34iiz, Thmax-IIA BRIOMREL & bic,
fRIRIE DM E %4 Thickness #8172 v LA
T xEw i (Figs. 5, 6).

4) 4 Thickness

Fig. 7 3 ARRER 1 2163 5 IIELITHE
BEE %, WHRILIRE PIREEE & st L e 4
Thickness #RxbDThs. AR asynergy
2 LIGEMERE S, ARWERX Y ILE

HrRREEE XN L, AR 5~6 HCREEED
fHICE L7z, L LA asynergy 3Bz s
ST THITix, 14 &k & LR Th RRERE o Hhn
2R ol (Tables 1, 2).

Fig. 8 i1 E@BhARTIC X v ZHA asynergy %
Blic 1fiths. ARHLS 20T LEFRIIR
hypokinesis (FfF#FEIEIZ 7mm X v 2 mm |2{§
F) #RL, HFED percent systolic wall thick-
ening DJF> (%4 Thickness i1 50% X v 209%
) # 2 L%k ¥ 7 Thmax-ITIA BRI
—70msec L7y, IIA %% CHIFEEENEK
L72 % late systolic thickening 28w bh, *
Dtk PlFEEE L. AR ISTLERRT
dyskinesis (FRE#RIEX —1 mm i€ F) 2RL,
systolic wall thinning (%4 Thickness {3 —119%
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Fig. 5. Changes in Thmax-IIa versus those in
heart rate during exercise.

The bars represent mean+1 standard deviation in
the control group. In the normal subjects the values
of Thmax-IIA decrease as the heart rate increases,
and the point of the maximal systolic wall thickness
of the IVS occurs before IIA. In 2 of 8 patients with
proximal LAD disease, on the other hand, the point
of the maximal wall thickness of the IVS appears
beyond IIA during peak exercise (cf. Fig. 8), result-
ing in the negative value of Thmax-IIA intervals in
these patients.

i) #2 L. %7 end-diastolic thickness
oA (Thd 13 6 mm X v 4.5mm iZED) &
28y, Thmax-1IA Bz —70 msec THAR 2
45 L A4, late systolic thickening 3R, &iv7c.
A 2 cEPEo asynergy (IiHK L,
EHPEEEE R HEC L Imm #iIL, A&
W42 ETHEE, DBRTHROMEICELL.

% ES

B A DR, & SO REZE OBEE O Wil
RIS EMREIC B W T, BEROLHO
BEE 35 X O BEEIREIE ERMEANT 52 8%
W L LEBRICERE2BIBEET S, O
BREB LTI O RRET TR, TakEi
BRELAR W IENOREIEL, RETD
BEESN HIRT 2450, Lk T, critical
level CEAEDEE LB NRILATNSE X 572,
EFME D coronary blood flow reserve % it
F 3oz, AbPDOAFICEL > TRMZFHERE
SHBZLBAMNELR D, AT, WEDCE
A K, ERTTIRIC 75% ULoREERT
B EMNER TR T 5 0EFREIRE, LV
94 Thickness (FZHICIILH TIZIFIEE TH
-7z,

BEEREIC DR DBER & BEBNEOBIRICIE, Al
hF—F Nk BEEEY, Rl &R, Lza-
i EBRFAVLRTWS. Re3ERE~DAHE
PR, ERE»SEFMICRYVIELRETESD
za—FEAVEk. LTa-RCk AT —
DEgE, L L ICLEHIE L EEKEE L ZRIRICH
BRICEHET B Liddie Y REETH B0, DEF
BEIEERBEDLELLNMCRFR T a— 25
Bz LiBAESTHY, FFETEITR £
EREEL IR TERVWEFTIIRROS R
$ 7. %7, transducer IHL 5 Y DHEE LI
MuBEE R BEs: probe E W 7cs, AFICL 3
BEELY ERT AW a—DRFEITAT.

WlEErSREsE s AMICE, Xl LB
pacing 7 ¥ ®ig2, hand grip iCk 2HRER
%0, treadmill, bicycle 7 & DBIIAT D 5
2, +oakARENELh, HRE~OREND
e, Lhd, DT a—Foieeg Lo WML
ergometer BT K@ EEZ X LN B!, KFFET
FARZBBERODESFR SN B0, TRIEY
e KT X Y ATRTAS AFREL 72 B % TITV,
PlVER O AR RO, 121118 Lak
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Fig. 6. Relation between Thmax-ITA and IVS excursion (left panel) and IVS percent systolic

thickening (right panel) during exercise.

The bars represent mean+1 standard deviation in the control group. In 2 patients with proximal
LAD disease, paradoxical IVS motion (IVS excursion<0) appears and the wall thickness of the IVS

becomes maximal after IIA (Thmax-IIA<0).

= control
* patient

diastole

A Thickness mm

0 30sec 1min 2min 3min 4min 5min 6min
Recovery

Fig.7. Changes in end-diastolic IVS thickness
during recovery period in patients with excer-
cise-induced asynergy.

AThickness indicates the difference of end-diastolic
IVS thickness before and after exercise. In all of the
patients with asynergy, end-diastolic IVS thickness
becomes significantly greater than control, which may
reflect reactive hyperemia.

D D& R

HE 1 D JR BT O D BEE & BEBHREICBE 3 5 25k
HIBFER B L KR sh TR Y, Ak XEEHR
DFERRIT X Y MM Bl OEEST & & bic, BET
D DRERE DL LEEE DB HEITL, Thi
& bz systolic wall thickening ¥/ L T{7 &,
SERIC B 8B 5 &, holosystolic elonga-
tion & holosystolic wall thinning 382 & H T
[ ,52,3,12-—19). E‘Eﬁeﬁﬁm%-@‘i’ Mason 5)10) ‘CJ:
D BEREBIRSZE D B 50T, EBARIC
X v systolic wall thickening 3%+ 5% = & a8
BRI TWE., RFRICBNT, BOEEHR
T & ILERT FATRAEALERIRZ 7 49 5 flic.iasg e
f@o> systolic thickening g/ L IEIE DR %
R, 20 54Id 2 )iz dyskinesis (late systolic
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chest pain(+) .

Fig. 8. Representative exercise echocardiograms of a patient with proximal LAD dis-
ease (Angina pectoris (K. K., 43-y-0, male)).
The late systolic wall thickening and systolic thinning of IVS are seen during peak exercise (3 min

of exercise).

or early diastolic shortening) & late systolic
thickening (early diastolic thickening) #F¥,
X< biczo 24 1]z end-diastolic thickness
D L systolic thinning #3w, FEERAIHISE
LRBEOBIR EREB L2,

Il B x, EEBRAFFZEIC R W TSR DM
OFLpEE L e, wall thickening DFREE &L
CIEOHE 2R . AHFFETIE, PoLER],
af| b b P lEiRlE & %4 Thickness o
CEEOMGE 2, EIEL L b systolic wall
thickening & JHATLAHERE R W L T % &b

nas.

IHES, SEIEH 20 U CLERREEE S K &
BBMEY, LERO A £corf (Thmax-
1A i) »fen s, »Eb, HA &z Tk
BEHIIC A Y HIREEE S ek L7 5 (late systolic
thickening or early diastolic thickening) 2 {5
i, AR, g0 A dyskinesis #AE LU,
5 b 1 i IUHEIC hRREEE 25 i < %2 2 BIR
(systolic wall thinning) #3#®7-. Late systolic
thickening O FAMFITIIAHAZR L LL W, FK
FROMFIC & 0 iR BRI 34 U 7R, IO P
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B0nb Lk, ¥k, BILLEHO electro-
mechanical interval & E& M7 BEOFFICBE L
Th, SBOBRFEFELLY. UEART2—IC
X v Ao bERFRIE, PREEEE, Thmax-
ITA BRI IR 0 R BT O B RE AT A i B Rl s 48
BLEZbNS.

RHRBICIZFEROLEFIREERE L EFEROE
b %R LICEALERRE 9 #is 7 f)ic, ergometer
AfFRICROEEEL, 74P 5 FlichREEE &
BEBNEE OB LIC B 25880, BAERE 3 AT
RCHBBE RO bolc. ZOZLIVA
fih, DEPROBEER X CBEBIEO RE O HHE
X, ERTTITBEMEREDTFEE TR TS L0
ThDHH. EMEHHRE TR E £ T HiF,
Y 0 2HIARH, PRORFE ERDRroTk
2, ZhE2HE b IBIRETHY, mORTL
sl EMR £ L bahi v, Ei,
0 2 FloATRRALHEE, 98, 88 LiEED
Wz ¥Eore.

ERTEIRE O Bl LR 2 E L B2 2272 24
1%, LIAffo> master two-step test [T, Bl
WHLEL Tz, LaL, 4ED ergometer £
ficix, +oLBbhs AFMRCLLLDLT,
BN ELEholcz by, BRI UE
LD FeAE I X BRER e MUETRZE 1210 T £, Ak
MERSCREIMTARESEEL TN EEXD
ns.

AWPOEPREEL L OEGRICEEEZEL
TRIENLERIRE S Bilic, ATREEEDOHEMMSFED b
Niz. Gaasch 5203, RFFEETFRICEW TREBIAR
EBAL ORI LR IIBEE 1T control (T H~3
45z &80, ORRIIHFEREORMTE
BB & % reactive hyperemia {2 & % & LT
W3, EEERMFIIZI VW T reactive hyperemia ¥
plid e W3, AT ORBEE ORI reactive
hyperemia # 74 bDe&ExH6h3%. LaL, A

EFHAFLT 2K

B BRI EE T T reactive hyperemia
DREBFEITHTH Y, SRORFTEET 3.
¥ i
DEFRROBETE O, OHEEORE
»ig <, ERTTFITRICBED HEr H3 555
BIFTEMERIE 12 4] L e 10 filic, {PEAAL
ergometer AT 1T\, ARTH], ARP, AW

DLEPRTa—ZE&HLE.

1) BOERIZ, REMFICIEEORILBIV
BEHEIIZEER Tholk.

2) ERTTFITHGEAERE S flic, ARPEEE
BIUBBEORLCREES, 20 54ih 24
iz late systolic thickening #3587z,

3) AMPEERIUVEHECEEEZELE S
Bz, ATFHREEED Nz & » iz (reactive hy-
peremia).

4) EBAF T = — (MR O D PR O HRE
FHECERTh -T2,

B #

EHBAMICL VY BER SRR RE 2 DE
HIREEBIE X R T 2o ic, ERITFITRICEE
DPFEEFL, L bOHEEDBEE DR VIR
Byl SRR E 1240, B OB E LTER
10 iz, {MEAGL ergometer AFFZ1TV, MEEE
BRI transducer i Xk v, AR, AWH, AR
BOLEHET 2 —2EHE L. EXF 10434
BRI ER R BRI 3, ZfeRs D 52:£13%
(P iRRERE) X v, 73+19% gL, #
fEiRiEx 7.0£13 mm x v 10.6+1.9 mm i
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