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Summary

Using real-time cross-sectional echocardiography, ‘‘ diastolic paradoxical motion of the inter-
ventricular septum ’ was found in 3 patients with primary pulmonary hypertension, 2 patients with
atrial septal defect complicating secondary pulmonary hypertension, 1 patient with cor pulmonale and
1 patient with Ebstein’s anomaly. The interventricular septum (IVS) showed a smooth configura-
tion during systole, whereas the upper portion of the IVS bulged toward the left ventricle during di-
astole resulting in contact with the anterior leaflet of the mitral valve. The M-mode echogram showed
that the IVS moved posteriorly to form two dips in both early- and end-diastole. After the end-di-
astolic dip, the IVS rapidly moved anteriorly and then slowly posteriorly during systole.

In dogs, such echocardiographic findings of the IVS could be produced by the constriction of
the pulmonary artery. To investigate the mechanism responsible for this particular motion, relation
between the echocardiograms of the IVS and the left-to-right interventricular pressure gradient was
studied in both clinical and experimental studies. The results of analysis showed that the pressure
gradient curve and the M-mode echograms of the IVS were very similar to each other in timing and
direction during diastole. And also, the LV-RV pressure gradient was negative during diastole when
the upper portion of the IVS bulged toward the left ventricle in the cross-sectional echocardiogram.

In conclusion, the diastolic paradoxical motion of the IVS seen in this study was thought to be
resulted from the reversal of the left-to-right interventricular pressure gradient during diastole.
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Table 1. Materials (Clinical study)

Case Age (yrs) Sex Diagnosis
number

1 49 F PPH

2 34 F PPH

3 20 M PPH

4 38 F ASD (post ope.)+PH

5 20 F ASD+PH+SLE

6 30 F  Ebstein’s anomaly

7 45 M Cor pulmonale

8 41 F VSD (Eisenmenger syn.)

9 19 M VSD (Eisenmenger syn.)
10 1 M VSD (Eisenmenger syn.)
11 2 M VSD (Eisenmenger syn.)
12 14 F PDA (Eisenmenger syn.)
13 15 F PDA (Eisenmenger syn.)
14 26 M PDA (Eisenmenger syn.)
15 50 F PDA (Eisenmenger syn.)
16 M6

| mean 24 Normal
25 F4

F=female; M=male; PPH=primary pulmonary
hypertension; ASD=atrial septal defect; PH=pul-
monary hypertension; SLE=systemic lupus erythe-
matosus; VSD=ventricular septal defect; PDA=
patent ductus arteriosus.
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Fig. 1. Long axis cross-sectional echocardiograms from a 49-year-old female with pri-

mary pulmonary hypertension.

During systole, the interventricular septum (IVS) shows a smooth configuration. On the other
hand, the upper portion of the IVS bulges toward the left ventricular outflow tract (arrow) during

diastole, and contacts with the anterior leaflet of the mitral valve.
RV =right ventricle; MV =mitral valve; PW=posterior wall of the left ventricle; LA=Ileft atri-

um.
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Fig. 2. Short axis cross-sectional echocardiograms from the same patient as in Fig. 1.
The shape of the interventricular septum (IVS) is flat and smooth during systole. During di-
astole, the IVS bulges toward the left ventricle (arrow). The right ventricle is markedly enlarged

while the left ventricle is very narrowed.

RV =right ventricle; LV =left ventricle; RA=right atrium; LA =left atrium; TV =tricuspid valve.
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Fig. 3. M-mode echocardiograms of the same patient as in Figs. 1 and 2.

Upper panel shows the M-mode scan echocardiogram from the aorta to the apex. Note the di-
astolic posterior motion of the interventricular septum (IVS), especially in the upper portion of the
IVS. Lower panel shows an M-mode echocardiogram of the upper portion of the IVS. The IVS
shows two dips in early and late diastoles (arrows). Abrupt and brief anterior motion of the IVS
follows the end-diastolic dip. The beginning of the anterior motion almost coincides with the peak
of the R wave of the electrocardiogram, and the end of the motion coincides with the onset of the
first heart sound. During systole, the IVS moves gradually toward the left ventricle.

RV =right ventricle; LV=left ventricle; Ao=aorta; LA=left atrium; MV =mitral valve; PW=
posterior wall.
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Fig. 4. Simultaneous recording of the right ventricular (RV) and left ventricular (LV)
pressures, and the left-to-right interventricular (LV-RV) pressure gradient in the same

patient as in Figs. 1, 2 and 3.

Two dips (arrows) are shown in the LV-RV pressure gradient curve. The first dip appears in
early diastole because the RV pressure crosses over the left ventricular one at their descending
limbs. The second dip results from the end-diastolic elevation of the RV pressure due to atrial kick.
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Fig. 5. Cross-sectional echocardiograms from a 34-year-old female with primary pul-

monary hypertension.

In both long and short axis cross-sectional echocardiograms, the shape of the interventricular sep-
tum (IVS) is smooth at end systole. At end diastole, however, the upper portion of the IVS bulges

toward the left ventricle (arrows).

RV =right ventricle; LV =left ventricle; RA=right atrium; LA=left atrium; MV =mitral valve;

TV =tricuspid valve.
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Fig. 6. M-mode echocardiogram of the same patient as in Fig. 5.

Diastolic paradoxical movement of the interventricular septum (IVS) is prominent and the IVS
contacts with the anterior leaflet of the mitral valve during diastole. Early and end diastolic dips
(arrows) of the IVS are clearly recorded. Abrupt and brief systolic anterior motion begins at the
peak of the R wave and ends with the onset of the first heart sound. After that, the IVS gradually

moves posteriorly during systole.

RV =right ventricle; LV =Ileft ventricle; TV =tricuspid valve; MV =mitral valve.
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« Fig. 7. LV-RV pressure gradient curve and M-mode echogram in a 20-year-old male with

primary pulmonary hypertension.

Upper panel in Fig. 7A shows that RV pressure curve crosses over the L'V pressure curve at their

descending limbs. Lower panel in Fig. 7A is magnified recording. Two dips are observed in LV-
RV pressure gradient curve. The RV pressure corsses over the LV pressure during early diastole
resulting in one dip on the pressure gradient curve. Another dip is produced by the increased right

atrial kick.

RV =right ventricular; LV =left ventricular; LV-RV =left-to-right interventricular.
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Fig. 8. Long axis cross-sectional echocardiogram from a 38-year-old female with ASD

(post-operation).

During systole the interventricular septum (IVS) shows smooth configuration, but the upper por-
tion of the IVS bulges toward the left ventricular outflow tract during diastole.
RV =right ventricle; IV=Ileft ventricle; LA=left atrium; TV =tricuspid valve; PW =posterior

wall.
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Fig. 9. Continuous and simultaneous recording of RV and LV pressures, and LV-RV pres-
sure gradient before and during an increasing and releasing constriction of the pulmonary

artery trunk in a dog.

The RV pressure is increased but the LV pressure is decreased by constriction of the pulmonary
artery. Note that the early diastolic dip appears by the constriction and that the end diastolic dip
also appears by more severe constriction. These changes are shown to be reversible by releas-

ing of the constriction.

RV =right ventricular; LV=left ventricular; LV-RV=left-to-right interventricular.
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Fig. 10. Magnified curve of the LV-RV pressure gradient, and the LV and RV pressure

of the same dog as in Fig. 9.

In the control state (upper panel), the LV-RV pressure gradient is positive throughout diastole.
During an increasing constriction of the pulmonary artery (lower panel), the LV-RV pressure gra-

dient curve shows two dips during diastole (arrows).

The first dip appears in the early diastole be-

cause the RV pressure crosses over the left ventricular one at their descending limbs. The second
dip results from the end-diastolic elevation of the RV pressure due to atrial kick.

R oM dip 3= atrial kick 23 <,
EEDZRABFH LItk TRESTS LEDR
5. LEei>T, 2oL HRmiTEELZ X+ Xk
5 g RN AT, LRl EEN~0 IVS %
HEWSIBERPET L LD LB LN S.

IVS oA =N 258w e, PPH, 2Kk
MEfEImTE 25 ASD, =72 %A %W, i
PEL T B X 5 2 REEAEEL TV 5 B %
bhs. —J5 VSD #4£5 Eisenmenger JEf
#¥, PDA zf£5 Eisenmenger JEHR T, 14

1, IVS oA sENEH TS bk o k.

ZOHHBLE L TR SEDLS5ARZLBEZLLNS.
¥4, VSD 2f5 Eisenmenger FEMEE TIE/K
BB D DIy v v FBREL, BENLLE
E~NENITTFB L, hqugﬁmﬁm®;ﬁ
72 & OLEEMITHE LR Lk o BERIC T
TEREEBS vz & BHERM S h 5. K
PDA izf£> Eisenmenger JEFER: CIIAZEED
WRRHLNDE bDOD, —HESAR b YA
LTRD, Lo TE-AMEREREL Ak
Y, ko2& <, IEEHoRMERETIZL
wWEEZILRS.

— 489 —



8, mp, L @

End VS

Fig. 11. Long axis cross-sectional echocardiograms before (upper panel) and during (lower
panel) pulmonary artery constriction in the same dog as in Figs. 9 and 10.

In control state, the interventricular septum (IVS) shows smooth and flat shape both in systole
and in diastole. By contrast, the IVS bulges toward the left ventricular outflow tract in end diastole

(arrow).

RV =right ventricle; LV =Ileft ventricle; LA=Ileft atrium; MV =mitral valve.
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Fig. 12. Short axis cross-sectional echocardiograms before and during pulmonary artery
constriction in the same dog as in Figs. 9, 10 and 11.

In control state, the interventricular septum (IVS) is convex toward the right ventricle in end-
diastole. But the IVS bulges toward the left ventricle in end-diastole during constriction of the pul-

monary artery.

RV =right ventricle; LV=left ventricle; MV =mitral valve; PW=posterior wall; PA=pulmo-

nary artery.
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