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Serial radionuclide ventriculography was performed using a newly developed * real-time *’ system,
and left ventricular ejection fraction (LVEF), right ventricular ejection fraction (RVEF), stroke volume
(SV), and cardiac output (CO) were measured during graded supine exercise in five patients with mitral
stenosis (MS), in five patients with chronic obstructive pulmonary disease (COPD) and in five healthy
subjects. Simultaneous pulmonary gas exchange analysis permitted determining the anaerobic threshold,
which is the point during incremental exercise when lactate begins to accumulate in the blood.

LVEF at the anaerobic threshold was not significantly changed in any patient groups and in healthy
subjects, but RVEF at the anaerobic threshold was lower in COPD and MS patients as compared with
healthy subjects. In MS, SV during exercise was reduced at the anaerobic threshold, but not in COPD

or in healthy subjects.

In conclusion, reduced working capacity is related to decreased RVEF in both COPD and MS,
but the inhibited increase in CO during exercise is also important for the working capacity in MS.
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MEUE - fEER AR BB OEBIR S RIESIRES
%, EBHHIRET O hER - ERAOFMbE & L
T, EBARRORKBREERRE (VO max) ®
BSMEASIE{E (anaerobic threshold: AT) #
ERFIHEhTwaIY.

—ikic, BvEpAEMNE S (COPD) BF Ti,
BB OWKE OHIFIRAH Y, [EIEFREE
(MS) Tl - MEROHIRAEHZHZ LI & -
T, W#H L b ICESHEREHEIET B L
hadrahs. gL, X 9EEERESR
REFORMBLEL ShTW3E.

FRIL T, e BWE L FEERD RI 7
VAL X BERMERH®RE = ¥ — £ (real-time
EF monitor method)? &, BREFIER Y 2 HHr8s
LOEESL 27 L TH D “radionuclide cardio-
respiratory analyzing system ” iz X v, COPD
RO MS B & xtguc sRHERHBRE L 26
DBEEN T A — 2 — 2 BEL, EHRIREFIC
WTRE LR ERET 5.

x4 E

COPD s ixfifitdaeiRa < BINAMI RE X
TR 21T - 12 5 (5B 4 4, & 1 ), MS &3
Dl 7 — 7 VRE & ffT L7 AFagEo S #l (B
24, %36 ThH. BEMNBERELLLSH(E4
B, & L) i, 22 A or0BEETOEY 7 —F v
REZBEITLEY, REE2RDRP-TLDOTH
%. COPDiz13 5 1 pROEH X 54.8+27.3%
T oo T Table 1 iR+ < TH
A.

bzl %
ESHEBMMARE LT A -2 - L D,

Table 1. Subjects

Male/

No. ferale Age (yrs.)

Chronic obstructive
pulmonary disease* 5 411 56.2+4.5
Mitral stenosis 5 2/3 33.7+2.5
Control 5 411 37.3+3.2

* o VC=84.4+37.7%; FEV,=1.32+0.73 L;
FEV,% =54.8+27.3%. (mean*SD).

3RTLOXBHEBHEEGHANE o . £TO
end-point ¥ symptom limited & L 7=

Fig. 1 wRLkX Oz, EATLDEED &3
FA—F—RPET BT, ®=Te-in vivo-1Hik
ek 20mCi %5 L, modified LAO 40 g
T, wAFF— MEIC L BR300 .08 04
Bl 7 — L ERfTF L. F01%, EABLEREL
FOBLERE v =27 VERE L.

AFE TRV BRIy L F Ry 7-T0A OF
v /A, ERRIBOUETORIESL TV
YUFHASKREBNRF A—F—%, ERFETH
ENORTTEILDOTHD. SERIGEFHAFRHFO
50 DT LD L= R E Y, EBROELAT
=EH= (LVEF, RVEF), L& (CO), kiR
i (EDV), ItES s (ESV), —En
HE (SV) % “real-time” EF ==%—%#%#H
WEH L.

BB, Av 27 Ak 5EHKEO CO RUR
#ig LVEF oER, BH 0 2 L <, EHiE
Fick < r=0.82 (n=72), BIRE=ZERICX S
LVEF < r=090 (n=33) T& 5.

EBAT R OMER S 2T ICiE, BREIFTEE
LEEMTEH E A A Db Y 2 3 FERER
RM-200 #Mwv7=®. JIEFE T 55 FkIE
(VE), A WEEFERE (VOy), 15 X U I uf %h R
(VOo/VE=0, removal) <, HEEEHIZHRIE L.
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lﬁll RM200 }——{ S-70A ]———Llnterfacel

Pyrophosphate 10 mg, i.v.

1 (30 min)
9mTcO,- 20 mCi, i.v.

Modified LAO 40° at rest

Multiple gated equilibrium cardiac
blood pool scintigram

J’ 300 beats
Sampling time 50 msec
Register the ROI

!

Incremental supine ergometer exercise
(Radionuclide cardiorespiratory analyzing
system)
- EF, CO, SV, EDV, ESV
- Wall motion analysis
« VO,, VO,/VE, etc.

Fig. 1. Schema illustrating supine ergometer
exercise and the protocol of examination.

BEKMEASIREY 12, VE L VO, oyt
mAREEE L, VE BE8cEnT 2580048 +
bt VOo/VE (O, removal) 2SHiHI &R B
Z—ENPARMET, EF~MDERE L TkK®
7.
Fig. 2 e iz & % BEKMERBIBE & O, pulse
BT, RED (AT) BBRGHERBINEE RbT
#», COPD i, 58 OMPIRREED Iz, &
227 % 3 F L Ao AT 2Rk Hid
MS, COPD Tiffjo> O, pulse #%& % ICfKfl %=
L, EHEOKT T 2 REY 2R LTS,

& ES

Table 2 3EBRIc 517 5 AT A co
LVEF, £ » EDV X v ESV £{b#, D
BD 7%, 15%, 15% UUEEHEEL LT, FEH

O« BB OEBH A RE

BCRLELDTHS. “hbokid, EFEK
YNz LbdoT, —ENHERERI BN
7z.

Table 2. Comparison of responses of left
ventricular ejection fraction (LVEF),
left ventricular end-diastolic and end-
systolic dimensions (LVEDV and LVE-
SV) with supine ergometer exercise
in the three groups

Control COPD MS

o 1 1
LVEF f 3
(27%) ~ 2 3 2
=t ! 0 1 2
0 3
LV-%EDV f g s )
> 0,
(215%) 1 5 0 1
0 1 1
LV-%ESV f ) 3 3
=159
(215%) | 3 X

No differences are observed among the three groups.
1 =increased more than 7%, in LVEF and 15% in
EDV and ESV; ~ =unchanged; | =decreased.

Table 3. Comparison of responses of RVEF,
RVEDV, and RVESV with supine
ergometer exercise in the three

groups
Control COPD MS
RVEF ! > 0 0
. 0 1 1
=79
(27%) ! 0 4x 4%
2 3 1
RV-%EDV f ; ) .
>159 ~
(215%) l 0 0 0
0
RV-%ESV 1 1 ; ;
=159
(215%) l 4 2 1

Decrease in right ventricular ejection fraction is
observed in 4 of 5 patients of both COPD and MS.
Symbols: see Table 2,
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Fig. 2. VOZ/\"E, heart rate (HR), and O, pulse-VO, correlation during exercise in a control
subject, a COPD patient and an MS patient.

Exercise level is expressed in watts.

Abbreviations: O, pulse=VO,/HR (O, uptake/heart rate); AT =anaerobic threshold.

Change in SV Control COPD MS

% (h=5) % (n=5) % (n=5)
307 304 304
201 20 21 ®---Anaerabic Threshold (AT)
x x/}
10 /N \ * 104
X, /l/*/x
0 ! * 0 x\z"/" |
X X N = x K’ x ;\' T !
22 x
X, X
0] | P NN
%\*/-x"
-20- ‘20- -20 ~—x’
REST 2 3 4 5 6 7 8 9 "REST 2 3 4 5 6 7 8 9  REST2 3 4 5 6 7 8 9
min min min

Fig. 3. Comparison of change in stroke volume (SV) during exercise in the three groups.
Note that SV in the MS group decreases at the point of anaerobic threshold (AT).
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Fig. 4. Comparison of change in cardiac output (CO) during exercise in the three groups.
Note an inhibited increase in CO in the MS group.

Table 3 3F#kic, RVEF, %o EDV &
W ESV ko %, EEiAMH 0 AT BERETo
Blbx, BOBD 7%, 15%, 15% LLEEHEL
LT, ZEABKCRLELDTHSB. COPD K
U MS cixzhEh SHd 44 RVEF 2{&
Tx&wiz. zht £ 4 flcix, COPD Tix
43+5.7% » & 35+5.4% ~, MS i 43+8.6%
1o 34+£8.1% ~DETTholk.

COPD Fut MS <, xHBHIIcHEELT, A
FiREE oBhc v Op pulse RO B & b h
¥, EBEOREBICE 7. Zo O, pulse i SV
LEBIRBRESEREOHL LTRDbEN, 20
7w EHEER I EBARREO SV oB(bE Hick
23 Fig. 3 KR+ Chote. THbbH, B
By 100 L +3E0% SV 0 % Blickw
<, xHHlL COPD HICiaERARETE2RDAR
o e, MS FlTiz, AREOKEMCHEY, SV
DIETERL, %ic AT ©o SV ET S REfkIC
Zwbh, COPD LizRofERTH o1

Fig. 4 3Rz 100 L33 EBHARMP 0
CO %Lz 3D EHICOWTHILL D TH
v, BEZAFRETHS VO, TEDLLTH
5. MS ©i3, fho 2@ sl T, CO o

KERE+3 L0000, 2ok VO, oI HH
bb¥, 75 r—P->TWni.

=B 2R

%6 1: 532, S, COPD

Fig. 5 0k X vV ELFR T #—4%— (LVEF,
CO, SV, HR, EDV, ESV), sk iziE&H 2 € =
& — (VO,, AVO, g, VO./VE, VCO,/VE),
EiehBDR AT 2 —%— (RVEF, RVEDY,
RVESV) o bz 4T LIZERLTWS.

Erx 0 FBE D LVEF (3EHic £ v 3 1
L, AR AHEED VOo/VE (FFEFR) i
FER 7 27 2137 LR ICERSERSREL D
D, HxnEBED RVEF oFBs@E@» bh
Tn5.

ER 2: 345, kit WMo MS

MR AL TR LA OBV EER
LTd»% (Fig. 6).

LVEF ESARREOBENC W53 ERER
Eiwa, SV OETHRSA FFA— (50 watt)
RO rs (70 watt) OB LRATEDLAT
5.
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Fig. 5. Monitor display of ‘‘ radionuclide cardiorespiratory analyzing system ” in a case
of chronic obstructive pulmonary disease (53-year-old man).
LV =left ventricle; RV=right ventricle.
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in a case

Fig. 6. Monitor display of * radionuclide cardiopulmonary analyzing system’
of mitral stenosis with sinus rhythm (34-year-old woman).
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Z DKM HEMEME (AT) &, Fig. 2 ©Rs&
haZ Ll, BEMABTIEABEERE (VO,
max) O 56% Thv, MS Ti3# 38% LK
{, COPD T4, BB DOFEKEHDI:DHIER~
27 BT LIEESA AT 25F3) CELRLT
bote. XFEKEIZ, MS ¢ COPD iz O, pulse
SV LHIRBERE S EBEORK) EMEERLT
W5, LehoTEBF o SV o bx R+
ZLREETHY, ZRICEFRTHOBESS
#—4%— (LVEF % RVEF) oZ¥fi b TR
REWLDELEDbRS. Ll ZhbdofEicid.
EEHP, —EBOFEMBIEHTEY, L
BRARAMRTOLRROBR Th o7 BKAE
FEE, dXTRRKAWMEMX ALENRL, X
) ZREBTEORFNEREEL T 58I, 20
BEEMN B LEZ LN,

Slutsky &1, fg¥E o AL KRR,
LVEF 3#8mL, LVEDV 3 4%, LVESV i3
W, SV Lz @MELTWS. LALAE

i « R E OEBHTFRE

METE T EERAMEK R - .

COPD ® MS ¢# bz RVEF @i, &
BYATTIC 3017 5 FHBIIRE K Ol L & $84L o _EF1Y
CHXRTALEZLNS.

E% SV i3, MS cEEHETL, o 28
TRIETET, ZoA2 EHC f£-T O pulse
PEZACEM L2 MS ¢ COPD nigE s
BoTwWa. Zhix MS ki3 EHFHBEF
», BIRBESEREL VI XV, SV Ln
IR TFICER T 572 TH B H .

CO wESHF o SV o Bk L Rk EHE
(BARBRERE VO, o L bic, B
%k COPD TixE#agic#m+5. LaL MS
Tix+4o7% SV 283z LB TcEhvnied, H
BRICLLAROBMTHRZIZ L B TE T
b, WIhEBREZLEL, CO DEMEIR1ERE
ft+sLBbhs.

U EofER» L, EBHART, SHKMEAHEE
DA T, COPD KUt MS CidstiEat & kL
T RVEF oETFTEA DY, Z0ALREIER
EEGEREFOl 2ick Y 95 bDEELZL
hiz. &bz MS < COPD LE#AY, ESH
AR OBMcHE> SV, CO o442
OY, Z OLBHERT SESHIR O T EARE
BoTwabnlELbhI.

FHLLEAF L “radionuclide cardiorespi-
ratory analyzing system ” ([ LEBIER RO L v ¥
MR RA & ERETRREEL L, BBEREBRALED
hie.

® #
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