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Summary

Echocardiographic studies were performed in two cases with pulsus paradoxus (Case 1: a 13-
year-old boy, acute viral pericarditis with massive pericardial effusion; Case 2: a 25-year-old woman,
status asthmaticus) and in a normal subject when his intra-airway pressure rapidly fell on a deep nega-
tive level, e.g., during Mueller maneuver.

During inspiration in both clinical cases, the anterior mitral leaflet showed a diminished diastolic
excursion, and the right ventricular dimension increased accompanied by a reciprocal decrease in
the left ventricular dimension. In Case 2, in addition, an abrupt downward motion of the ventricular
septum was present in early diastole during inspiration.

In experimental study of a normal subject, similar respiratory changes in mitral and septal mo-
tions and the similar respiratory interaction between the right and left ventricles were also observed
during Mueller maneuver.

Our observations suggest left ventricular filling and left ventricular end-diastolic volume de-
crease during inspiration in the presence of pulsus paradoxus. These are compatible with the pul-
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monary pooling hypothesis, and also support the hypothesis that pulsus paradoxus may be caused
by competition of the ventricles for filling within a relatively fixed pericardial space.
The mechanism of the abrupt downward septal motion in early diastole was also discussed.
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Fig. 1. Echocardiogram of the left ventricle from Case 1 (a 13-year-old boy with acute
viral pericarditis).

Massive pericardial effusion is present both anterior and posterior to the heart. During inspira-
tion the interventricular septum is shifted backward and the left ventricle shows a markedly dimin-
ished dimension.

APE=anterior pericardial effusion; RV=right ventricle; IVS=interventricular septum; LV=
left ventricle; LVPW=left ventricular posterior wall; PPE=posterior pericardial effusion; P=pa-
rietal pericardium.
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Fig. 2. Mitral valve echogram from Case 1.

Cyclic respiratory changes of the right ventricle are also recorded in this direction. During inspira-
tion the anterior mitral leaflet (AML) shows a markedly diminished excursion accompanied by an
increase in right ventricular dimension. The excursion of the right ventricular anterior wall also shows
respiratory phasic changes.
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Fig. 3. Graphic representation of anterior mitral excursions (AML-Ex), right ventricular
end-diastolic dimensions (RVDd), and left ventricular end-diastolic dimensions (LVDd)

in Case 1.

These findings suggest that during inspiration the right ventricle expands, the left ventricle de-
creases in size and left ventricular filling is reduced.
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Fig. 4. Aortic and left atrial echogram in Case 1.
During early inspiration a remarkable shortening of left ventricular ejection time (LVET) is
accompanied by a decrease in left atrial dimension (LAD).

RVOFT =right ventricular outflow tract.
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Fig.5. Echocardiogram of the left ventricle from Case 2 (a 25-year-old woman with
status asthmaticus).

During inspiration the right ventricle expands remarkably at the expense of the left ventricle. The
interventricular septum (IVS) shows an abrupt downward motion in diastole during inspiration.
Some respiratory physiologists® have criticized the pulmonary pooling hypothesis on the genesis of
pulsus paradoxus in airway obstruction. Their experimental studies revealed that transmural left
ventricular end-diastolic pressure (LVEDP) was elevated during inspiration. They thought that
this elevated LVEDP reflected increased left ventricular volume and it could not consist with re-
duced pulmonary venous return or the blood-pooling in the lungs. However as shown in Fig. 5 and
Fig. 6, our echocardiographic findings suggest both left ventricular filling and end-diastolic volume
decrease during inspiration in asthmatic attack. Furthermore as Bemis and colleagues®® indicated,
elevated LVEDP does not reflect augumented volume in the presence of severe right ventricular
distension.

Therefore our observations are compatible with the pulmonary pooling hypothesis, and also sup-
port the hypothesis that pulsus paradoxus may be caused by competition of the ventricles for filling
within a relatively fixed pericardial space.
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Fig. 6. Mitral valve echogram from Case 2 (status asthmaticus).
During inspiration the anterior mitral leaflet (AML) shows an obvious decrease in its excursion.
This may suggest a decrease in mitral flow or left ventricular filling.

INSPIR =inspiration.
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Fig. 7. Graphic representation of anterior mitral excursions (AML-Ex.), right ventricular
end-diastolic dimensions (RVDd), and left ventricular end-diastolic dimensions (LVDd)

in Case 2 (status asthmaticus).

The same respiratory changes as those in Case 1 are observed.
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Fig. 8. Mitral valve echograms during quiet respiration (upper panel), Valsalva and Muel-
ler maneuvers (middle panel) in a normal subject.

The mouth pressure and the respiratory flow curve are simultaneously recorded with the echo-
cardiogram using a Fleish type pneumotachometer. When the respiratory pathway of the pneumo-
tachometer attached to the mouth is abruptly closed by the electric magnetic shutter, the mouth
pressure is equivalent to the mean alveolar pressure (intraairway pressure).

During quiet respiration the anterior mitral leaflet shows no significant changes in its excursions.
During Valsalva maneuver it gradually decreases in its excursions accompanied by a slight decrease
in right ventricular dimensions.

When the alveolar pressure is rapidly falling down from Valsalva to Mueller maneuver, the ex-
cursion of the anterior mitral valve decreases more extremely accompanied by a expansion of the
right ventricle. These findings are similar to those of status asthmaticus during inspiration as
shown in Fig. 6.
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Fig. 9. Graphic representation of right ventricular end-diastolic dimensions and anterior
mitral excursions during quiet respiration, Valsalva and Mueller maneuvers in a normal

subject as shown in Fig. 8.
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Fig. 10. Echocardiogram of the left ventricle during Valsalva and Mueller maneuvers in
a normal subject, which simulate deep negative pleural pressure achieved during inspira-
tion in asthmatic attack.

During Mueller maneuver the left ventricle decreases in dimension with an abrupt downward
motion* (sharp F descent) of the interventricular septum. These findings are similar to those of sta-
tus asthmaticus as shown in Fig. 5. The lower panel shows the graphic representation of changes
of left ventricular end-diastolic dimensions.

V=Valsalva maneuver; M=Mueller maneuver.

*  We think that these abrupt downward septal motions (also observed in Fig. 5.) may reflect
overshoot-like deviation of the interventricular septum due to extremely increased right ventricular
rapid filling caused by deep negative pleural pressure during inspiration.
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Fig. 11. Echocardiogram of the left ventricle in a 31-year-old woman with primary pulmo-

nary hypertension.

Although recorded during quiet respiration, the interventricular septum (IVS) shows a deep early
diastolic dip which becomes deeper during inspiration. This abrupt downward septal motion may
be also related to the expansion of the right ventricle in early diastole during inspiration. In case of
pulmonary hypertension, right ventricular distensibility may be so much reduced due to right ven-
tricular hypertrophy that even a mild increase in right ventricular filling during inspiration would

make a prominent downward septal motion.
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