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Summary

To evaluate left ventricular function in patients (pts) with right ventricular overload, exercise
echocardiographic studies using a bicycle ergometer were performed for seven pts with pulmonary hy-
pertension (PH), two with cor pulmonale (CP) and 16 with atrial septal defects (ASD), and the results
were compared with those of 10 (control I) and 27 (control II) normal persons. These subjects were
categorized in two study groups; study I consisting of PH, CP and control group I with an exercise
workload of 25 watts for 3 min ; and study II consisting of ASD and control group II with an exercise
workload of 50 watts for 3 min.

The results were as follows:

1. M-mode echocardiography revealed that :

1) During exercise, the stroke volume (SV) was increased with a significant decrease of left ven-
tricular end-systolic dimension (LVDs), but without a change in left ventricular end-diastolic dimension
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(LVDd) in control groups I and II, with a marked increase of LVDd and a slight decrease of LVDs in
the ASD group. By contrast, the SV in the PH group tended to decrease during exercise with a slight
decrease of LVDd, but without a significant change in LVDs.

2) Right ventricular dimension (RVD) was significantly increased during exercise in the PH group,
but was decreased in the ASD group. In control groups I and II, RVD did not change during exercise.

3) In ASD, and control groups I and II, the peak velocity of circumferential fiber shortening
(VcF) was increased during exercise, and the peak negative VCF was significantly decreased. However,
these parameters exhibited impaired responses during exercise in the PH group.

4) Abnormal interventricular septal (IVS) motion at rest tended to become normal during ex-
ercise in 12 of 16 pts with ASD. In all pts with PH, however, IVS motion did not change substantially
during exercise.

5) There were similar parameter responses between the PH and CP groups.

2. Two-dimensional echocardiography showed that:

1) The left ventricular short-axis view demonstrated a diastolic left ventricular configuration
which changed from oblique to relatively circular orientation during exercise in the ASD group.

2) In four of five pts with PH, the diastolic configuration of the left ventricle was oblique because
of a loss of the normal curvature of the IVS at rest and during exercise. The diastolic left ventricular
configuration improved during exercise in only one pt with PH, with slightly elevated pulmonary arte-
rial systolic pressure as in the ASD group.

It was concluded that 1) in the ASD group cardiac output is increased during exercise by dimi-
nishing a left to right shunt at the atrial level and by increasing the left ventricular filling rate, with
resulting improvement in diastolic left ventricular configuration, but 2) in the PH group, the left ven-
tricular pump function and contractile reserve were impaired, and the decreased SV is probably due to
diminished left ventricular inflow as a result of right ventricular pump dysfunction during exercise.
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Table 1. Subjects

AEAFRBOEHAF LT 2—X

Cor pulmonale (CP)
Control-1
Study II Atrial septal defect (ASD)

Control-11

In study I an exercise by workload for 25 watts, 3 min, and study II for 50 watts, 3 min.

SD =standard deviation.

DFHEEOBEEZ AT 5 HlII R BRI LIk

EBAR S HEIERE L BRE 0L = [ i &
L, Monark $Ip\ff=p T2 —5%— % FH v T,
study I {3 25 watts, study II i3 50 watts D% %
3AMOB—KEATLLEL. M E—F Lz 2
—HOLERR - EERBEa-SF54, LE
H, LERE, ZHER IOCESGARKT 15 B
X VT 344 % T, strip chart recorder (ECO-
1258) iz 50 mm/#p D% Y FHEE T A IC &
Lic. 7ed, HMECEBERIZELELZWHITIE,
AWPILLER» K THR I ETEEOFETE
Ll EloBEEREWERKEEHAYv, PH #54
& ASD B 12 flic k1) 3 ¥l X ONESEO
FLEARS L~V CoEEEE R 2 BE L, ILERY,
IRERH, MREHIOKMMEICB Y 28 LETR %
RIvmA K74 VAICEEE L. FALERBIX
Aloka #1 SSD-110B 1 L O HZEMEFEEER
ERWEREE SSH-11A ©¢b 3.

BohliEkL v, LUTOHKERIZ>WTHE
L.

D3 (HR): O BRI R-R R X vk /-

EZIRFRE (LVDd): LHER R EoEA
THRIZEL 7=

EZEIFERYE (LVDs): LER I HFRBIR
o DBRAE R TRIE L.

AHZEE RVD): LVDd L FE#EOFETRIE L
7z.

—EHAHE (SV): Teichholz #¥ iz X v,

Pulmonary hypertension (PH)

No. of Age
cases Mean+SD (range)
7 45+12 (23-58)
2 56+ 2 (54-58)
10 44+11 (29-65)
16 36+13 (16-57)

27 30+10 (19-53)

LVDd 5 X0t LVDs & FivTHH L - EEAH
X YR 7.

EOHEHE (CO): HR 12 SV # R U Tk 7=.

EREA M EEREE (peak VCF) : (LEHE -
EE#ETa—5 00 ELONEREZ FL—x
L, Good Man # medical graphics analyzer %
AwtEohiz Ver o B RKiEE KD .

EZEBRAMEILEHRE (peak negative VcF):
peak Vcr RO HEZAWT, 2oR/MES
Kb 7z

FERARH S L OUUHEERINIC 381 5 A =4 dh i
7% (CSAed ¥ X vt CSAls): ik > analyzer % f§
WT, ZOEZREMBOLAKESY Fv—2F3
Ltk Rl

B (EF): kX AW THEH L 7%2.

EF =(CSAed — CSAls)/CSAed
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E L.
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Fig. 1. Sequential changes of systolic and diastolic blood pressures at rest, during exercise
and recovery in the control, PH, CP and ASD groups.
PH = pulmonary hypertension; CP=cor pulmonale; ASD =atrial septal defect.
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aPH ve p<0.01

. p<0.05

oCcP

Heart Rate

50 b

AEATRBOEFHAMLT 2 -

Study 1t

uControl-1lvs Rest
vASD  °°p<0.0l
o p<0.05

Ll
e

P

Rest Exercise Recovery 1 min 2 min 3 min

Rest Exercise Recovery 1 min 2 min 3 min

Fig. 2. Sequential changes of heart rate at rest, during exercise and recovery in the control,

PH, CP and ASD groups.
Abbreviations are the same as in Fig. 1.

7= (Fig. 3, AX).

L2 L, PH HoLZEHRESHIARICI - T
BeAEBILERD R h o7 (Fig. 3, EX).

2) EZFRERRB X OUWHERDE (LVDd
Xt LVDs) (Fig. 4)

Control-1 g LVDd i, AfPicsVTd
TR LERYBID RN o2 L L, ARKT
20 Bt ic—i@ttic LVDd osnfEm s sh iz
2, FOBRIFOREHOMEICE L. LVDs i
REFIC LT, Afd, AERBYERLE
B, AT THEI Y Ra ICKRHBEOMEICE L 2.

—%, PH g0 LVDd 1z, A%, HELR
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(Table 2)

Bk oA£EEH» > Teichholz B HWTHD
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Fig. 3. M-mode echocardiogram
Left panel (PH: 44-year-old woman): There is no substantial change in the interventricular septal
motion between at rest and during exercise.
Right panel (ASD: 33-year-old woman): Paradoxical motion of the interventricular septum is
evident at rest. During exercise, the abnormal septal motion returns to a relatively normal motion.
Abbreviations are the same as in Fig. 1.

Table 2. Effects of exercise on stroke volume and cardiac ouptut in the control, PH and

ASD groups
Stroke volume (ml) Cardiac output (//min)

Subjects

Rest Exercise p value Rest Exercise p value
PH 40+11 35+16 ns 3.0+0.8 3.8+1.0 p<0.05
Control-I 68+10 78 +10 p<0.01 45+1.0 7.4+1.6 p<0.01
ASD 39+10 52412 p<0.01 2.7+0.9 5.8+1.1 p<0.01
Control-II 65+12 75+15 p<0.01 4.1+0.8 7:2+1.3 p<0.01

All values are mean+ SD. ns=not significant.
Abbreviations are the same as in Fig. 1.
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Fig. 4. Sequential changes in left ventricular end-diastolic and end-systolic dimensions
(LVDd and LVDs) at rest, during exercise and recovery in the control, PH, CP and ASD groups.
Abbreviations are the same as in Fig. 1.
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sControl-| vs Rest =Control-lvs Rest
oPH o p<0,05 vASD e p<0.01
oCP o p<0.05
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Fig. 5. Sequential changes in right ventricular dimension (RVD) at rest, during exercise
and recovery in the control, PH, CP and ASD groups.
Abbreviations are the same as in Fig. 1.
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Fig. 6. Changes in peak VCF measured by echocardiographic method by exercise in the

control, PH and ASD groups.

Vcr=velocity of circumferential fiber shortening; circ/sec=circumference/sec; ns=not significant.
Open circles with bars indicate mean+SD. Other abbreviations are the same as in Fig. 1.

T BIcH_RTHLPIIKETH o .

—7, ASD gt SV 2Z&#E 39+10 ml, &
e 52+12ml LA I VEERBKERLR
(p<0.01). Control-II #n SV % 65+
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L7z (p<0.01). ZofssE, ASD #on CO
s 27409 /min, ESHKE 5.8+1.1//min
(p<0.01), control-II g Zhix Tk 4.1k
0.8 //min, EBFF 7.2+1.3//min (p<0.01) TH
v, WEEE bICERAREMERLE.

4) A= (RVD) (Fig. 5)

Control-1, IT g nAfH R LU0 EHES» RVD
BEBEE bICBLERED R o —F, PH #
» RVD @AM X v KL, ASD oz
nEFFeBPERLI.

5) EEFKMEEEMHEEE (peak Vcr) (Fig. 6)

Control-1 g peak VcF i3, s 2.3+£0.5
circ/sec, EBIIE 2.9+0.5 circ/sec Th Y, ARIC
I VEERERER LKL PH o 2.8
+0.6 circ/sec, ;E@hEE 3.0+0.5 circ/sec L FHE A
Winz@ZBb ik ol

—75, control-11 # ¢ peak VCF |3 %550 2.4+
0.5 circ/sec, EBEF 2.71+0.5 circ/sec, ASD #ix
SeEny 2.840.7 circ/sec, 3EBHF 3.34+0.6 circ/sec
ThH, MEELLICARICLY, BOBD peak
VerF 0B EZERKER L. Afitho peak Vcr
i ASD g% control-1I BRIz LR TS MK
Tdb o7z (p<0.05).

6) Z KA M EILFRHEE (peak negative VCF)
(Fig. 7)
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Fig. 7. Changes in peak negative VCF measured by echocardiographic method by exercise

in the control, PH and ASD groups.
Abbreviations are the same as in Fig. 6.

Control-1 #£ peak negative VcrF 1%, ZiE:
—3.5+1.0circ/sec, EBKE —5.2+1.8 circ/sec &
HERTERLER, PH B —45+
1.2 circ/sec, EENFF —5.2+1.0circ/sec TH D,
control-1 BHCHRTIERETH - 7=,

—%, control-II o peak negative VcF (3%
#ms —3.2+1.0circ/sec, EBF —4.2+1.2 circ/
sec, ASD BECliZetshy —4.6+1.4 circ/sec, JEH)
B —7.3+2.1circ/sec TH Y, WMEEL bICARIK
X v peak negative VcF 0B BRIV ERL
2, ASD BETRMBHCHSTERABDLED
7.

5. HiBERICkDEZEREMEOKE

1) E=zE#ROE(L (Figs. 8, 9, 10)

ZiEFic: PH #, ASD BowFh L EZF
KORTALE R L. PH B2 5 6% 4 plics

WCTHEBIARIZE > TL2OBROELEZRD R
rotehs (Fig. 8), 14TIRRARIC X Y EZENE
DRFERLRHEL - (Fig. 9).

—%, ASD BT RILERB X UHERIIC
Eib L O PR, AR X Y AEAI R
(convex) » & — Bk L, ZORER, EEF
RoMEFLE R - (Fig. 10).

2) PLERRH B X O UNFER A = A A
(CSAed 3 X1t CSAls) o%{L (Fig. 11)

PH # o CSAed i3 2#rs 10.8£3.4 cm?, EH)
F89+25em?’ ThH Y, AMICIVEERBIE
R e, ASD BT L2FERF 12.0+£2.0 cm?, SEB)
B 13.24+23cm? L, #iic CSAed mEERKERL
Iz.

—7, PH #f» CSAls 3%##KF 5.2+1.9 cm?,
EHF 49+ 1l4cem? L FEARELERD b o1
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Fig. 8. Left ventricular short-axis views at end-diastole, late systole and early diastole in
resting state and during exercise in a patient with PH (49-year-old woman).

Diastolic and systolic configurations of the left ventricle are oblique because of a loss of the normal
curvature of the interventricular septum at rest (upper panels), and the abnormal shapes of the ven-

tricle persist during exercise (lower panels).
Abbreviations are the same as in Fig. 1.
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DRAED 6, ZOEOEREKTORKE LT, £

<L
T

HOEENEELTwE 2 La@RELTWS.
ARWFE T IHES AR O = 2 —XEE v PH
DELHEBE R L, RIE L RRICEELE 2 &
e D EPIEKEAE (ASD) LxttbLzn3 e, i
B IC I 1T 2 EB AR RO LLEIE, LUz
TSI DFEIC O TEEEIMA T2

PH 3 Ll e o SEB AT & 5 W id B A
HCBWT L, MERELFA 30122 VEES
L, ZoEBAfRRE 25 watts, 3 5o H—
A (study I) & U722, 7 il 2 i gads 14
0 PRt IC I T, MR PR 8 o 7 o B A TR L
B4 { Shiz. Loke® 13 PH (2313 % #H)
FEA OHIRAT L LT, DEF XY KT oS
NEETH B L MELTWS. AKWFgeo PH gt
W IEBR L, AR AE OB o R A
BEZDE, REHEOELMEEYRTS 9 2 TH5H
RIEFRTH 5 Z L AL S hie.
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Fig. 9. Left ventricular short-axis views at end-diastole, late systole and early diastole in
resting state and during exercise in a patient with PH (44-year-old woman).

Diastolic and systolic configurations of the left ventricle are oblique because of a loss of the normal

curvature of the interventricular septum at rest (upper panels). During exercise (lower panels), however,

the abnormal shapes of the ventricle return to relatively circular configurations.

Abbreviations are the same as in Fig. 1
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pnH KRR ER L. ZOFT RO &
LTix, ARBICHRTHEEROMDEED 5 Z
L, JEEICER T A0E L0k - A
MO NEETH S LEX L.

PH ptofe=sixiE@iyic LVDd ojfib # 8o
7275, LVDs 3£ B{bxr&$, SV iEdhc
v LAY T AEMICH T £, FERIC
B LASRLANICIVERLEZ. Zhbo
ﬁ%MPHﬁwﬁﬁﬁmﬁﬂﬂ@“WAfid
ASD jf L 7 L RoRIET AL JLAE A O
b a $¢MM%L¢ PH #cik, JEBEATRIC
I D AOERER LIRS L, & 07z o FHH i
ROV & &4 %X bhi. Schrijen 59
FTEFEAEE AW T, B2 A
(2313 % B RFAES ARG MLy i oo KT & $RfE L,
Khaja 530 » 5 —F 2 HwT, PH o
FEFN ARSI 1T 5 AR v ZHREIR T & 2%
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Rest
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Fig. 10. Left ventricular short-axis views at end-diastole, late systole and early diastole
in resting state and during exercise in a patient with ASD (35-year-old man).
Diastolic configurations of the left ventricle are oblique because of a loss of the normal curvature of

the interventricular septum at rest (upper panels).

During exercise (lower panels), however, the

abnormal shapes of the ventricle return to relatively circular configurations.

Abbreviations are the same as in Fig. 1.
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Fig. 11. Effects of exercise on CSAed, CSAls
and EF in the PH and ASD groups.

CSAed =cross-sectional short-axis area of left
ventricular cavity at the papillary muscle level in
end-diastole; CSAls=cross-sectional short-axis area
of left ventricular cavity at the papillary muscle level
in late systole; EF =ejection fraction.

All values are mean+SD. Abbreviations are the
same as in Fig. 1.
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