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ABSTRACT Objective: Our aim was to explore the mechanical effects of positive intrathoracic pressure on left ventricular (LV)
ejection and filling in healthy subjects and its mechanism. Methods: 30 healthy volunteers were recruited to perform Valsalva maneuver
(VM) at a load of 40 mm Hg lasted for 10 seconds. Parameters of LV function were determined by echocardiography at rest and at 10th
second during the strain phase of VM. Results: Compared to the rest, at 10th second, LV stroke volume (SV) dramatically decreased (P <
0.001) while heart rate (HR) dramatically increased (P<<0.001), and ejection fraction (EF) insignificantly increased (P >0.05); early
diastolic velocity (E) significantly decreased (P <<0.05), late diastolic velocity (A) insignificantly decreased (P>0.05) and E/A ratio
significantly decreased (P <<0.05); early diastolic velocity (e) of the mitral annulus did not changed (P >0.05) and E/e ratio significantly
decreased (P<<0.05). Conclusions: Mechanical effects of positive intrathoracic pressure on LV free wall assist LV systolic motion while
impede LV diastolic motion, which could cause the increase of EF while cause the decrease of E and E/A ratio. Positive intrathoracic
pressure increases the flow resistance of LV and pulmonary vasculature, which may contribute to the decrease of E and E/e ratio.
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Table 1 Changes of ejection fraction and filling of left ventricular at rest and during VM (xs)
At rest During VM
LVEDV (ml) 88.6+ 16.2 61.2+ 15.4%*
LVESV (ml) 348+ 6.9 22.6+ 5.5%*
SV (ml) 53.6+ 11.9 39.3+ 11.1%*
EF (%) 60.1% 4.8 64.3% 7.4
E cm/s 87.6+ 18.08 59.9+ 16.2*
A cm/s 62.1+ 17.8 57.1 143
E/A ratio 1.49+ 0.43 1.11+ 0.37*
e cm/s 11.3% 3.5 10.2+ 2.3
E/e ratio 5.00% 1.42 4.61+ 1.23*
HR b/m 64.7+ 6.9 85.5+ 13.4%*
*P<<0.05 **P<<0.001, LVEDV: LVESV: SV: EF: E
A E/A Ele

HR

Note *compared to the rest, P <<0.05; ** compared to the rest, P <<0.001. LVEDV=left ventricular end-diastolic volume; LVESV=left ventricular

end-systolic volume; SV=stroke volume; EF=ejection fraction; E=transmitral early diastolic flow velocity; A= transmitral late diastolic flow velocity; e=

early diastolic velocity of the mitral annulus; HR=heart rate.



www.shengwuyixue.com Progressin Modern Biomedicine VolL1l NO.10

MAY.2011 - 1963 -

160mm
Cardioc Difficult
Generdl /V

40 mmHg

Figure 1 Filling of left ventricular in a 28-year-old man during the
strain phase of 40 mmHg VM
E A

N N

During the strain phase of VM, E decreased while A did not change. (From
up to down in figure, in turn, there is two-dimensional image of heart,
filling of pulsed Doppler image, pulsed curve of VM and ECG; the arrow
means the beginning and the end of VM.
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Figure 2 Mechanism of increased pericardial pressure acting on the left
ventricle
A

A. Short inward arrows indicate increased pericardial pressure acting on
the left ventricle, which is not only always perpendicular to the surface of
LV free wall but nearly opposite to the direction of LV relaxation force at
early diastolic. Long outward arrows indicate LV relaxation force. Please
note there is no obvious action played by the pericardial pressure in the site
of septal. B. Short inward arrows indicate increased pericardial pressure
acting on the heart, which is also not only always perpendicular to the
surface of LV free wall but nearly for the direction of LV contract force at
systolic. Long inward arrows indicate LV contract force. Please note there

is no obvious action played by the pericardial pressure in the site of septal.

Figure 3 Echocardiography velocity vector imaging shows the features

of the heart motion in a 30-year-old man
A B

A. The systolic shortening motion in the long axis. B. The systolic
shortening motion in the short axis (accompanied by a small part of the
rotation and torsion). C. The diastolic elastic recoil in the long axis. D. The
diastolic elastic recoil in the short axis (accompanied by a small part of the

rotation and torsion).
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