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Summary
Quantitative effect of intraairway pressure (Paw) on the left ventricular diastolic performance

was investigated in 5 normal subjects. The left ventricular diastolic performance in the first heart
beat after the beginning of Mueller maneuver was rather different from that of control performance in
which Paw is 0 cm H;O. The short axis cross-sectional echocardiogram indicated that diastolic con-
figura tion of the left ventricle during the earlier stage of Mueller maneuver was flattened due to
shortening of the dimension between the interventricular septum and the free wall (Divs-Fw), while
that of normal state was nearly circular.

In short axis cross-sectional echocardiographic studies, exponential relations between Paw and
three parameters obtained were observed as follows:

1) Drii/Di-(1vs-Fw)=1.246.e6-435x107-Paw  (n =27, r=0.879, p<0.001)

2) Divs-Fw/Daw-Pw=0.949.¢5.72x107 - Paw  (n=27, r=0.885, p<0.001)

3) An/A1=1.578.¢70m8x197 - Paw  (n=27 r=0.884, p<0.001)
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Whereas, D11/Di1-(aw-Pw) did not show a significant relation with Paw. (Divs-Fw=interventric-
ular septum to free wall dimension of the left ventricle; Daw-Pw =diagonal dimension of Divs-Fw;
A=left ventricular area in the short axis cross-sectional echocardiogram measured by zero setting
roller planimeter; I=end-systole; II=early diastole, Paw=negative and expressed in cmH,0).

In Mueller maneuver, augmentation of right ventricular volume and diminution of left ventri-
cular volume seemed to occur concomitantly and pulsus paradoxus was always observed. It was
speculated that the decrease of pulmonary venous return due to pulmonary pooling was always
followed by the decrease of mitral flow and, in turn, left ventricular end-diastolic volume, and such
a decrease of flow seemed to be the primary factor of pulsus paradoxus seen in cases with upper air-

way obstruction.
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Fig. 1. An example of the M-mode echocardiogram used in the present study.
Undulation of the interventricular septum due to respiration is observed. This disappears, when-

ever respiration is stopped.

An arrow indicates the point at which airway is occluded by the electric magnetic valve. Paw=
intraairway pressure; flow =respiratory flow; volume=1lung volume level; RV =right ventricle ; IVS=
interventricular septum; LV=left ventricle; LVPW =posterior wall of the left ventricle; insp.=
inspiration (above the bar); exp.=expiration (below the bar).
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Fig.2. Transient approach of IVS to LVPW during Mueller maneuver.

Even when respiration is ceased, IVS approaches to LVPW and its degree seems to bedependent
on the degree of negativity of Paw. Diastolic performance of LVPW and IVS during Mueller
maneuver differs from the normal control.

EKG \/_____-70 ¢mH,0

| | | I

Fig. 3. Anterior mitral leaflet motion during the earlier phase of Mueller maneuver.
The diastolic motion pattern of the anterior mitral leafle (AML) is different from the normal
state, i.e., the excursion is markedly depressed.
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Fig. 4. Long axis cross-sectional echocardiograms demonstrating the change of left ven-

tricular dimension.

End-systolic left ventricular (LV) volume decreases during Mueller maneuver. Top figures (a)
are in normal state, in which Paw is nearly 0 cmH,O. Bottom figures (b) are during Mueller maneuver.
From the left to right, figures are recorded at end-systolic phase (I), early-diastolic phase (II) and
end-diastolic phase (III). ECG and Paw curve are simultaneously recorded.
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Fig. 5. Short axis cross-sectional echocardiograms demonstrating the change in the shape
of the left ventricle.

Distortion or flattening of the left ventricle (LV) at diastolic phase is observed during Mueller

maneuver. Diastolic LV flattening is derived from shortening of interventricular septum-to-free
wall dimension.

RV
Divs,

Daw-p

Control

Mueller maneuver

Fig. 6. Schematic representation of configuration of the left ventricle in the control state
and during Mueller maneuver.

Divs-Fw is measured from the center of the IVS to the posterior wall of the left ventricle passing
through the center of the left ventricle and DAw-pPw is measured as the diagonal line of Divs-rFw.
The configuration of the left ventricle is flattened during the maneuver.
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Fig. 7. Relationship between intraairway pressure (Paw) and various parameters.

Three parameters, Di11/D1-(vsi-Fw), Divs-Fw/Daw-pw and A11/Al1, obtained from short axis cross-
sectional echocardiograms, have exponential relation to Paw during Mueller maneuver quantitatively.
However, Di11/D1-(aw-Pw) does not have any significant relation to Paw.

Divs-Fw/DAW-Pw=0.949 . ¢3-72x107"- Paw
(n=27, r=0.885, p<0.001)
Ar1/A1=1.578.¢7-078x10°%  Paw
(n=27, r=0.884, p<0.001)
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Fig. 8. Representation of the phasic changes of four parameters during Mueller maneuver.
Note that Divs-Fw in early diastole (II) is rather shorter than that in end systole (I), but it
gradually increases in the end-diastole (III). Thus, the left ventricular diastolic performance during
Mueller maneuver is characterized by the measurement values in the early diastole (II).
Shaded lines indicate the left ventricular performance in the normal state, in which Paw is nearly
0 cmH,0.

1owclose open
ECG
L e e
"'f(l{'ffrfi‘lyfT_’lil"l
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Paw
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Fig. 9. Pulsus paradoxus observed in a case of upper airway obstruction of the post-ope-

ratory state.

Upper airway obstruction was due to sputum in the respiratory tube. Note that a decrease of ar-
terial systolic pressure occurs when the intraairway pressure (Paw) reaches below zero level (similar
to Mueller maneuver). Par=femoral arterial pressure.
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Fig. 10. Echocardiograms illustrating the different effect of Mueller maneuver performed

during the different cardiac cycle.
When Mueller maneuver is begun at systolic phase, a marked posterior movement of IVS appears

in the following diastolic phase, while such a movement never appears when Mueller maneuver is

begun at diastole. This finding probably suggests ventricular interference. Arrows mean beginning

of Mueller maneuver.
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