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Summary

For the assessment of cardiac performance, the changes of ECG, PCG, heart rate (HR), blood
pressure (BP) and oxygen consumption (VO,) during exercise have been widely examined. In pa-
tients who are prone to congestive heart failure, it is preferable to estimate safely myocardial contrac-
tility or left ventricular dimensional changes with lesser load, if it could be available. This paper pre-
sents a control study in healthy subjects at 50 watt-6 minutes load, which seems tolerable safely for
the patients with NYHA grade III.

Forty-three healthy men (ranging from 20 to 30 years old) were studied by a single-level load
exercise (50 wattx 6 minutes) in supine position using a bicycle ergometer. The ECGs (precordial
bipolar leads and limb lead II) were monitored telemetrically. The blood pressure was measured aus-
cultatorily by the Manchette method. Echocardiograms were taken using a Toshiba O1A echograph
and Aerotech 2.25 MHz ultrasonic tranducer. The expired air collected in Douglas bag was analyzed
by a Fukuda Respilyzer BM-10 and body oxygen consumption (VO,) was calculated.

In 15 cases with a measurable clear echo, the following were examined in the course of the exercise:
the minute to minute changes of HR, BP, left ventricular end-diastolic diameter (LVDd), left ven-
tricular end-systolic diameter (LVDs), stroke volume (SV), ejection fraction (EF), cardiac output (CO),
VO,, pressure-rate-product (PRP: systolic BPx HR) and Katz’s index (mean BPxXHR). As for left
ventricular diameter, the value of 5 consecutive heart beats were averaged in order to avoid the error
in respiratory changes. LV volume was calculated by the method of Pombo. HR and BP responded
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rapidly to the exercise and reached steady state within one or two minutes, as a reflection of sympathetic
stimulation. On the other hand, SV and VO, reached steady state rather slowly, requiring five or six
minutes. Therefore, a steady state of HR does not always mean a steady state of LV hemodynamics.

In the initial phase of exercise, diast. BP increased rapidly and LVDd increased by 98 per cent
of maximal change, and LVDs began to reduce. After 3 minutes of exercise, however, diast. BP began
to fall, although LVDd remained almost constant and LVDs continued to reduce linearly. Since PRP
and Katz’s index, which are considered to have a close relation to myocardial oxygen consumption,
reached a plateau in this phase, we supposed that LVDs decreased due to reduced peripheral vascular
resistance resulting in the increase of SV and CO. The echocardiographic method is likely to be one
of useful noninvasive methods to examine the responses and adaptations of cardiovascular systems to

exercise.
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DERE, FUEFEOM, Frr—s—ick
B MG 2 i A ek L. RERENREOR
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SIFICB LTk 7 7 ¥ EEM Respilyzer BM-10
PRV EZ<ry =y PERTIAEICH
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ARl - P - BE2BELTHO UCGEEGIEZH
OIA iz Tfr\v, 225 MHz 0 iFfihF% v, #HE
YEEE X S0mmy/fsec & L. LEHELEER
BEL BRI S h, BIERATRT 2 -0
IRV DOBRERBE—LDOFAT, 1 4412 1037
PUE#@m&L, sHUIRMREEH2EER IC v h,
BT 5 SHOFHMEL LTEH Uiz, Rk 43
BT, HbeFBE2ELCRFREGEY
B 15 flic> &, % (HR), mE (BP), &=
FIREHIER (LVDd), E=IEE#IR (LVDs),
EEHE (SV), EEHisE (EF), SRLHAHE
(CO), FkEeEHER (VO,), pressure-rate-pro-
duct (PRP : IRHEHAME X 0oi3%), Katz’s index
(EHME X DAE) R L.

Fig. 1 i1, 2B %@L TRIFRTEIE L
Teb O OERHEILERDT = 2T dH 5 25,
CokIIGEFRIZBVTY, ErTEEEZ
¥rreEtaicftoziicky, HAlKZZBR
iR FRETH o /.

Fig.2 3, EHP SHHOEEa2—-KTH 5
2, Eicir+ &<, LVDd iz ECG o RED
T8, LVDs iz PCG Lo I FABIRARS (TA)
BRARS ORBATHRAIL. 2k, EERHIC
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Fig. 1. Left ventricular echograms during exercise.
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1. HR & VO,

¥R Z L AR HR, VO, oRIEH#R
#4035k, Fig. 3 o = & { Ze#i: 68.6+10.1/min
o HR (LESHHicasEicgmL, 2 4%zl
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3. CO ¢ HR, PRP, Katz’s index
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BELIFEFFTLTELLTS L vbh 5 Katz’s
index, PRP 7 &, HR % BP 02 04+ 5 faik
NENEEHRTHBE, Fig. 5 i bh 3 2L R
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4. HR & SV
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Fig. 2. Left ventricular echogram after five minutes’ exercise.
IVS: interventricular septum, AML: anterior mitral leaflet, PML: posterior mitral leaflet, Dd:

left ventricular end-diastolic dimension Ds: left ventricular end-systolic dimension, LVPW: left ven-
tricular posterior wall.
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Fig. 3. Heart rate (HR) and oxygen consumption (VO,) during and after exercise.
HR reaches steady state after one or two minites’ exercise. VO, reaches steady state rather slowly
requiring five or six minutes.
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Fig. 4. Cardiac output (CO) and oxygen consumption (VO,) during and after exercise.
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Fig. 5. Cardiac output (CO), pressure-rate-prod-
uct (PRP), heart rate (HR) and Katz’s index
(Katz’s index) during and after exercise.
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Thd Lz 5.

5. LVDd, LVDs ¢ diast. BP, SV

Zni% LVDd, LVDs o@h&»b S 5ici
MLTHB L, LVDd oZ bR s/~ <
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Fig. 6. Left ventricular end-diastolic diameter
(Dd), left ventricular end-systolic diameter
(Ds), diastolic blood pressure (diast. BP) and
stroke volume (SV) during and after exercise.

In the initial phase of exercise, diast. BP increases
rapidly and Dd increases by 98 per cent of maximal
change, and Ds begins to reduce. After three minutes
of exercise, however, diast. BP begins to fall although
Dd remains almost constant and Ds continues to
reduce linearly.
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LR OEEN A 7z v isometric exercise {2 X
BB REEROEBHIZOVTE, TTIRVL
SPDOWERL B B A5, dynamic exercise {Z
B 50T a—ReFA LIERAY O HEESEME
~ORHBIFV VLD THB. BHxiz NYHA
DEgEMECIIESEO DA 2 AT 36T
4, AJEEL Bbh 3 EBAFRE L 50 watt, 6 47
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% 60% DHERICHYT3) LREL, SEE
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Katz’s index #fREL 7.
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