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Summary

The influence of exercise training on left ventricular performance was investigated by exercise two-
dimensional echocardiography in 12 top-ranking Japanese volleyball players and 10 untrained subjects.

Left ventricular wall thickness and dimension were greater in the athletes than in the nonathletes.
The left ventricular wall thickness-internal radius ratio, however, was nearly the same in both groups.

At rest, heart rate, the stroke area index, 9, fractional area and the cardiac index were significantly
lower in the athletes than in the nonathletes. During exercise, heart rate was slower in the athletes at
every exercise stress stage. The stroke area index, 9, fractional area and the cardiac index increased
linearly in the athletes, although these indices of the nonathletes reached a plateau at the moderate
exercise stage. The double product at the last stage was greater in the athletes than in the nonathletes.
Both groups did not differ as to segmental fractional area change of left ventricular contraction at rest
and during exercise.

Serum norepinephrine concentration was significantly lower in the athletes than in the nonathletes
at rest. After exercise, however, the difference between the two groups was not apparent.

It is suspected that exercise training increased the exercise capacity due to an increase in the left
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ventricular systolic function reserve, the increment of cardiac VO, max, and the change of blood flow
distribution, and generalized aerobic metabolism in various organs.

Key words

Exercise training Multistage exercise stress

Two-dimensional echocardiography

X C®IC

EH P —= Sk BEEFEEIT, stat-
ic EBTIREICBEENEAT 3oL, dy-
namic REB) TEEIANBEIERL, Th O
FRoBEOBEELZME) LS h T w319,
Lil, 2aE—YoREEICLY, HESLOHER
B BEIC Z0REICERE LU LHESH
3. koT, SEFE LI, K25 —RAKR—
YTRDIBINETREDDRVAL—FK—
BEZARLL, FEBL= =AYV, Z0O%
B AEEFERLICNZ CEBOLEEEEL L
BEL, EHHrrv—=v s oRErRMLEL. &
izl norepinephrine EEFRIEL, HEHEAL
HBHRE L 7.

XMREFE

g FEM 1 Y —7 0 Nv—K—-LHER
15 44h, BiFR.Dxa—RH EHTE LB 12
% (GBFH; VHFER23%) &, BIESHRR
A LRWEEBHE 10 4 HBE; FHER 26
) T, BFHE FHIFOSV—F-LiERE
AL, ToEEEHIT 201+0.08m? T, %EEE
ofEFEE 1.74£007m? 2L, HBEICKTH
-7z (p<0.05).

SEENARTIE Siemens R HEHE T L T2 —F —
FHEALUBMICT BT L. BFEHTE 100W
Xy, MNBEETIE SOW Xy, 35EIc25W §
SHEL, THREBSESHERET T, 8940
L 12 AT Lic. BEEEEER & 12
SSH-11A #{FEFL, Fig. 1 o=k <, E=&EH
Wit O FLEER L v T, FARKT 30 i, P
MREEILETIZTETAT = IR I& L, R
Honeywell $! strip chart recorder izt M & —

Foa—[ b @& L. BRL=a—K o @i
3, ETAT—TRERET IV VELETERA
ViR W T # & L, digitizer % personal
computer {Z AL TIT»-7z.

F I ATBRLAERT L THEZ O R il L,
Ifii# norepinephrine (NE) B # E#EikEk s v
< b7 7HICTRIEL 2.

¥ S

1. ZEREBEERES LUVEZENE

M E®— Rz a—XX YL AR,
BERCIBEEE (IVST): 0.94+0.14cm, 4%
E2E (PWT):0.98+0.15cm <, xtfaE» IVST:
0.79+0.10cm, PWT:0.84+0.11cm il LA E
KKkThole (p<0.05). FEZENRLEFH
TRIEERDE (EDD): 53+04cm, IgiERY
& (ESD): 3.7+04cm <, xtf# o EDD: 4.6
+02cm, ESD: 3.0+02cm it LERICKT
bole (p<0.05). zhb X VRDIEE - NE
W it, SBFE# < IVST/EDD: 0.19+0.02,
PWT/EDD:0.194+0.03 » % b, {BETIRBO
B0 0.17+0.02, 0.19+0.01 <, REEZEZBH L
holz.

2. REEMIMAES & UOE% (Fig. 2)

TEpR QIR LR S FEERIcE» 2, EH)
bR ER L. —F, Dk REE»s
LAWERE L E L TEFHVIFRER/NT, SEO
BARAREIC I3 BRI 150/min T, BERH
13 142/min % TEIIIL 7z

3. HRKHIEBRE S L CIRERER R (Fig.
3)

PERARMERAAR I AERICERERZEIR D 2
Wi On, JBEETIE S0W AR ICEHRICH
LEEICALEZDICHL, BEHTHEEAREX

— 458 —



Rest

End-diastole

HEB) b v— = v 7 OFFRBE~ DO

End-systole

Fig. 1. Left ventricular short-axis views at the papillary muscle level at rest (top) and

during exercise (bottom).

ED =end-diastole (left), ES=end-systole (right).
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Fig. 2. Changes in heart rate (HR) and systolic
blood pressure (SBP) during exercise.

Heart rate is significantly lower in the athletes than
in the controls at every stress stage. Systolic blood pres-
sure shows nearly the same change in the two groups.
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Fig. 3. Changes in the end-diastole area index
(EDA) and end-systolic area index (ESA).

The EDA becomes significantly greater at the 50
watts stage in the controls, but the athletes do not
show significant enlargement at the 100 watts stage.
The ESA is greater in the athletes than in the con-
trols at every stress stage. Although the ESA does not
become smaller after the 75 watts stage in the controls,
this continues to decrease till the last stage in the
athletes.

Table 1. Reproducibility of measurements (%)

Rest Exercise
Interobserver
End-diastolic area 3.1+2.2 3.9+4.
End-systolic area 3.1+3.1 7.0+5.6
Intraobserver
End-diastolic area 3.2+3.5 4.1+2.3
End-systolic area 4.6+3.3 5.3+4.9

Mean +standard deviation

Values are mean difference (%): (A—B)/(A+B)/2
%100

A: Observer 1 or 1st measurement

B: Observer 2 or 2nd measurement
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Fig. 4. The stroke area index and 9%, fractional
area change (9% FA) during exercise.

At rest, the stroke area index and % FA are signifi-
cantly smaller in the athletes than in the controls.
During exercise, both indices do not increase after
the 100 watts stage in the controls, but these continue
to increase till the last stage in the athletes.
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Fig. 5. Change in the cardiac index.

The cardiac index is significantly smaller in the
athletes than in the controls at rest. It does not
increase after the 100 watts stage in the controls, but
in the athletes, it increases linearly till the last stage.

L, EBrr—=y7itk s 0B {LoJRRE
LLT, i RRBMAEROWHPBEZL LR T
5. BxoEiHBoh NE jBERER
THBHIVERCEETHY, ThEEMTS
—oDRITHS. ZoRIPBECBNTE, B
RBAER OTTHEY R BRMREOWEARVIZL D
BIREET 2 LDBEL Do
ERUEE(L T, TR IOCBRATRIC
BT, BFHTOLRESREICH LIEET
bBZLRAEBENE. ZhbEBFL—=27
W2 2 0BOMANEICEHR LEFES LS.
OBBOEEICE, PlrEbv—=v7ShiE
BiGICB sBBEFAZR R LS, FEiESF~0
MFEHA DL, 2 ofER L L THFKIBIRE
ROAT BEFIVPKRELHEETELDLE

__ 461 —



i, #ER, B, 32

% ARea CHANGE

801 controLs

70
60 1
50 1
40 1

301

201

ATHLETES

E-9'

ResT

S1S2 AL A2 L1 L2 P1P2

S1S2 AL A2 L1 12 P1 P2

Fig. 6. Segmental fractional area change during exercise.

To analyze left ventricular segmental wall motion, the left ventricular short-axis view at the papillary
muscle level is divided into 8 segments applying a fixed-axis system. These panels show left ventri-
cular contraction pattern at rest and at 9 minute exercise stage. There is no difference in segmental

fractional area change in the two groups.

S=septal wall, A=anterior wall, L. =lateral wall, P=posterior wall.
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Fig. 7. Serum norepinephrine concentration.

Serum norepinephrine concentration is significantly lower in the athletes than in the controls at rest,
but the difference between the two groups is not recognized at peak exercise.
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