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Summary

With the use of bidirectional echocardiography, isometric contraction (ICT) and relaxation times
(IRT) of the right (RV) and left ventricles (LV) were measured in 9 normal subjects (N) (age: 14-23
years), 5 cases with atrial septal defect of ostium secundum type (ASD) (age: 34-59 years) and 8 cases
with pulmonary hypertension (PH) (age: 34-60 years) (Table 1). The cases with PH consisted of ASD
associated with PH (6 cases), primary PH (1 case) and cor pulmonale (1 case). Systolic pulmonary pres-
sures ranged 22-34 mmHg in ASD and 56-101 mmHg in PH. The echoes of the atrioventricular and
semilunal valves of the isolateral side were simultaneously recorded, and the ICTs and IRT's were mea-
sured from the closure of the former to the opening of the later, and the closure of the later to the
opening of the former, respectively (Fig. 1 and 2). The ICT and IRT of the LV were significantly
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greater in ASD (58.0+9.5 and 80.3+14.4 msec) and PH (67.6+13.1 and 114.3+16.2 msec) than in
N (43.9£6.2 and 60.0-6.8 msec) (Table 1 and 2; Fig. 3). The ICT of RV showed no significant dif-
ference between N (27.6+4.5 msec) and ASD (30.4+4.7 msec). But the value for PH (42.8+12.5 msec)
was significantly greater compared with the values for N and ASD (Table 1 and 2; Fig. 3). The IRT
of RV could be measured in 2 cases in N (42 msec) and 1 case with ASD (48 msec). Compared with
those values, the IRT of RV in PH was markedly increased (84.1+9.6 msec) (Table 1 and 2; Fig. 3).
The ICT and IRT of either the LV or RV revealed a tendency of positive correlation (Fig. 4A, B).
Several cases with ASD or PH were noted to have the ICT of normal range, but the abnormally in-
creased IRT. Either ICT or IRT in the LV and RV were observed to show a tendency of positive
correlation (Fig. 4C, D). These results indicate that the RV overloading induces the impairement
of cardiac function not only in the RV, but also in the LV.

In a case with cor pulmonale, the systolic and diastolic time intervals were observed to show a
marked respiratiory changes (Fig. 5-7). The expiration induced a marked delay in tricuspid opening,
a slightly earlier occurrence of pulmonic closure, and almost no change in the timings of tricuspid clo-
sure and pulmonic opening, thus resulting in the marked increase in IRT, a slight increase in ejection pe-
riod and no change in ICT of the RV. In experium, the decrease in the DE slope and the increase in
AJE ratio of tricuspid valve echo were also noted (Fig. 5 and 6). In the simultaneous recording of
tricuspid and mitral valve echoes, the respiratory changes in the timings of opening and closure of the
later occured with a delay of several seconds to those of the former (Fig. 7). It was considered that
the respiratory change in the venous return may markedly affect the systolic and diastolic time intervals
of the RV, resulting in the secondary alterations in the time intervals of the LV.

Key words
Bidirectional UCG Isometric contraction and relaxation times Atrial septal defect Pulmonary
hypertension Cor pulmonale Left ventricular function in right ventricular overload
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Table 1. Age, R-R interval, and isometric contraction and relaxation time in each
group
Age R-R LV RV
(year) (sec) ICT (msec) IRT (msec) ICT (msec) IRT (msec)
n 9 9 8 7 9 2
Normal range 14 — 23 0.75-1.06 35 — 50 54 — 68 23 — 34 42
mean+SD  17.2+ 4.0 0.92+0.10 43.9+ 6.2 60.0+ 6.8 27.6+ 4.5 42
n 5 5 4 4 5 1
ASD range 34 — 59 0.75-1.07 48 — 68 67 — 99 27 — 36 48
mean+SD  45.2+ 9.5 0.94+0.13 58.0+ 9.5 80.3+14.4 30.4+ 4.7 48
n 8 8 7 8 8 7
PH range 34 — 60 0.70—1.59 53 — 84 94 — 145 24 — 57 68 — 94
mean+SD  46.0+10.4 0.97+0.28 67.6+13.1 114.3+16.2 42.8+12.5 84.1+ 9.6

n: number of observations, LV and RV: left and right ventricles, ICT and IRT: isometric con-
traction and relaxation times, ASD: atrial septal defect of ostium secundum type, PH: pulmonary

hypertension.
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Table 2. Statistical tests for differences of
various parameters between different groups

LV RV
Age R-R
ICT IRT ICT IRT
Normal vs ASD ** ns * *k ns —
Normal vs PH  ** ns * *k * —
ASD vs PH ns ns ns ** * —

**: p<0.01, *: 0.05>p>0.01 ns: not significant
(p>0.05), —: not tested.
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Fig. 1. Bidirectional echocardiograms of mitral (MV) and aortic valves (AV) from a healthy
control (upper figure) and a patient with pulmonary hypertension (lower figure).

ICT is measured from the closure of MV to the opening of AV, and IRT from the closure of AV

to the opening of TV. Note the prolongation of both the ICT and IRT in the patient with pulmonary
hypertension compared with the normal subject.
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Fig. 2. Bidirectional echocardiograms of tricuspid (TV) and pulmonic valves (PV) recorded
from a normal subject (upper figure) and a patient with pulmonary hypertension (lower fig-
ure).

ICT is measured from the closure of TV to the opening of PV, and IRT from the closure of PV
to the opening of TV. Note the prolongation of both the ICT and IRT in the patient with pulmonary

hypertension compared with the normal subject.
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Fig. 3. Comparisons of ICT and IRT in the different groups.
Horizontal and vertical bars represent mean+S.D. Symbols for patients with pulmonary hyper-
tension are as follows: O, ®: ASD with PH, ¢, &: primary PH, and A, A: cor pulmonale. See

Table 1, for other abbreviations.

RV ¢ LV o ICT (Fig. 4C), 3tk 0 RV &
LV o IRT (Fig. 4D) i, “Fh bivicE
DEEE R EAA A bRz, IRT 3 LV ¢4
RV w4 #ic ICT xvkchy (Fig. 4 A, B),
F72 ICT H23vix IRT o fEix LV oz 3
RV x v #icKk%i 5% ® L7 (Fig. 4 C, D).
%%, ASD 2 PH <, LV 53wt RV o
ICT & N rizERILEER DI, IRT 285
DITHERL T 3H0307% ) A bhlk.

2. FEOICH SRt RV 0 IRT OREGEEEH

Fig. 5 iz, it o 1T &5 hz RV o
IRT 0L MREEG DE % ~¥. Fig. 5
TIRAFRITHTEREZIT->THY, £18L06
DHERSME, F£3, 4.0 MERHEC Yi25.
FILDHEE 9 E40HI» T T IRT Bk IE
ELl, TV @ DE slope B gx e LTH Y,
> ¢, IRT ojF4d & DE slope o@jER» S
h, ThES~604EZ LAY E L.
zZof, R-R BRiZiEE—ETho .

Fig. 6 i, &JEHo B-echo ok 10 LA -
WwT, RV o&EfEE TV o pattern % i
L, IRTiegtL <7 ey rLE=bDTHY, IRT

& Q-TO EAMEE%, %72 Q-PC i2i¥tama %
RLTEY, KR#ED IRT ogHEir TO 0B
HHBEXB LR ZERT, chic PC oBhn
MboTwakdThaz LT BRI
IRT pE#HET 5L L biz, Q-PO L b¥FErin
BIEET 55, Q-PC DIEERRREHTHY,
KRt RVET RReRiEET 52 L #7577, L
»L, Q-TC & Q-PO oZ{kix, RIFHMIZH>
FUCREIZE{T 20T, ICT iZigL A L ER
WL ETRE ol k&AM IRT R4
+5%& &, TV o DE slope ok & AJE ratio
DR BH BT,

Fig. 8 iz, FUERD TV & MV oz a—
RRIRFCER L T, TOBAH, BMOBFER X L
EHI%RHEE (DDR) %, @&+ 5 12.048-
WTFuy b LebDT, WEFEE L 2B
BEIZRTA, MV 32 TV Xy 1~2 LHE8h
AR RTORA LRI,

% =

ftsk, RV o ICT = IRT o3e@imegiiE
By a@mizasohd, MEIF—Frikick 3

— 362 —



LV-IRT (msec)
=]
T

7w e 8 1w

LV-ICT (msec)
140 rc
120
100 |-
~ 0 %
S
§ Lo
< o
Lo
5 ¢
= qno a
40 |- %
20r
0 1 1 1 J
20 40 60 ]
RV-ICT (msec)

ABRERERR L CSEFIRYORE

B O NormaL .
oas
L OASD + PH
14 o
ACor puLn
120 b
o0 o
] o
£ ao
E® ©
z
6 [
o
w | °o
2
1 1 L J
0 20 W 60 8
RV-ICT (Msec)
160 FD
140 F °
120 - a2
50
< o0
g o ©
: ol
3 o
60 I ]
w
OJ,'L 1 1 (] J
W 60 8 100

RV-IRT (msec)

Fig. 4. Correlations between various time intervals in both vintricles.
PPH: primary pulmonary hypertension. For other abbreviations, see Table 1.
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Fig. 5. Bidirectional echocardiogram of PV and TV recorded from a patient with cor pul-
monale, showing the marked respiratory changes in the IRT and the DE slope of TV.

The 1st and 6th heart beats correspond to the inspiration phase, and the 3rd and 4th heart beats
to the expiration phase. Note the increase in the IRT and the decease in the DE slope of TV during
the expirium compared with those during the inspirium, with almost no change in the R-R intervals.
Calibrations are 400 mm and 500 msec. Abbreviations are same as in Table 1 and Fig. 2. See text
for further explanation.
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Fig. 6. Correlations of the IRT of RV with the other time intervals and the pattern of TV
in a patient with cor pulmonale.

Q-TO, Q-TC, Q-PC and Q-PO: intervals from the onset of QRS complex of ECG to the opening
of TV, the closure of TV, the closure of PV and the opening of PV, respectively. A/E ratio and DE
slope: ratio of amplitude of A wave to that of E wave, and DE slope of TV, respectively. For other
abbreviations, see Table 1 and Fig. 2. See text for further explanations.
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Q-MC and Q-MO: interval from the onset of QRS
complex of ECG to the closure and opening of MV,
respectively. DDR: diastolic descent rate. For other
abbreviations, see Table 1, and Fig. 2 and 6. Note
that the MV shows the cyclic changes similiar to
those in the TV with a delay of one to two heart
beats.
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