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Summary

Pulsed Doppler technique has elucidated the blood flow towards the cardiac base in the left ven-
tricular (LV) outflow tract prior to onset of ejection flow. This pre-ejection flow (PE flow) is observed
immediately after the beginning of atrial contraction and it lasts until immediately after completion of
mitral closure.

This study was designed to clarify the mechanism and physiological significance of PE flow by
investigating the temporal relationship between PE flow and cardiac dynamics and by examining its
velocity distribution in the LV outflow tract.

Observations were made for 21 healthy subjects (H), 12 patients with atrial fibrillation (Af), three
with first degree AV block and two with second degree AV block of the Wenckeback type. A Doppler-
Echocardiograph (Hitachi Medico EUB-10B) was used, and PE flow was detected in all subjects.
The Doppler frequency, which corresponded to blood flow velocity, increased when the sampling
site was near the tip of the anterior mitral valve leaflet as opposed to the upper portion of the LV out-
flow tract.

Results of the temporal analysis of PE flow were as follows:

1. The PE flow pattern was monophasic both in H and patients with Af. Its peak appeared 0.18+
0.05 (mean+SD) sec after the beginning of the P wave and 0.02+0.02 sec after the Q wave in H, but
0.06+0.01 sec after the Q wave in Af.

2. In first degree AV block, the PE flow consisted of two peaks. The interval between the first
PE flow peak and the beginning of the P wave was constant and nearly 0.2 sec apart. It was nearly
the same as in H. The second peak occurred 0.05 sec after the Q wave as in Af.

3. Insecond degree AV block of the Wenckebach type, the first peak occurred at constant interval
following the P wave, while the second peak related to left ventricular contraction and disappeared when
an atrial contraction failed to initiate a ventricular response.

These findings indicate that PE flow consists of two components with different mechanisms.
1) The first component is caused by the atrial blood inflow turning up from the apex towards the cardiac
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base. This flow component may participate in closure of the anterior mitral leaflet. 2) The second
component consists of a rise in LV pressure due to LV contraction, and achieves complete closure of

the mitral leaflets.

We conclude that PE flow with its atrial and ventricular components contributes to closure of the

mitral leaflets.
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Fig. 1. Rectification of temporal relationship signals flow signals and other reference

tracings.

As the consumption of time required in frequency analysis by FFT was 28 msec in the equipment
used in the present study, a correction was made by the forward shift of the recording of flow signals
by 28 msec. The upper panel is a real tracing and the temporal relationship between the flow signal
and other reference tracings (PCG, ECG) is corrected in the lower panel.
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Fig. 2. Blood flow patterns in the left ventricular (LV) inflow tract (right upper panel), in the
LV outflow tract (right lower panel), and their sampling sites (left panel).
PE flow is observed immediately after the LV inflow due to atrial contraction and continues over

the first heart sound.
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Fig. 3. Velocity distribution of PE flow in the LV outflow tract.
Velocity of PE flow becomes higher near the tip of the anterior mitral valve leaflet than in the upper
part of the LV outflow tract.
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Fig. 4. Flow pattern in the LV outflow tract in a patient of mitral stenosis with atrial fibril-

lation.

PE flow cannot be detected after a long preceeding R-R interval, but it appears whenever the pre-
ceeding R-R intervals are nearly normal. The time of velocity peak of PE flow is prior to the beginning

of the first heart sound.
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Fig. 5. Flow patterns in the LV outflow tract
and the schemata in patients with second degree
AV block of the Wenckebach type (upper panel)
and with first degree AV block (lower panel).

In first degree AV block, the PE flow consists of
two peaks. The interval between the first peak and the
beginning of the P wave is nearly the same as in
healthy subjects. The second peak occurs after the
Q wave as in patients with Af. In second degree AV
block of the Wenckebach type, the first peak occurs
at constant intervals following the P wave, while the
second peak does not relate to the P wave but to the
Q wave.
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Table 1. Temporal relationship between PE flow and ECG or PCG in healthy subjects

Patient Age Sex PQ (sec) P-A (sec) Q-A (sec) A-I (sec)
1. A.K. 4 F 0.16 0.15 —0.01 NR
2. H.M. 13 M 0.14 013 —0.01 NR
3. K.Y. 15 M 0.18 0.13 —0.05 NR
4. Y.N. 18 F 0.14 0.17 0.03 0.00
5. O.F. 19 M 0.15 0.18 0.03 0.02
6. N.K. 28 M 0.14 0.16 0.02 0.03
7. K.M. 29 M 0.15 0.18 0.03 0.02
8. H.O. 29 M 0.17 0.19 0.03 0.02
9. S.S. 30 M 0.18 0.16 —0.02 0.07
10. N.K. 30 M 0.17 0.21 0.04 0.01
11. K.T. 33 M 0.20 0.19 —0.01 NR
12. S.S. 33 M 0.19 0.19 0.00 0.04
13. H.M. 33 M 0.13 0.18 0.05 0.01
14. S.S. 38 M 0.17 0.19 0.02 0.01
15. Y.O. 40 M 0.15 0.19 0.04 0.02
16. S.M. 43 M 0.18 0.18 0.00 0.08
17. J.D. 44 F 0.18 0.21 0.03 0.02
18. Y.S. 46 M 0.14 0.16 0.02 0.04
19. T.E. 50 F 0.18 0.19 0.02 0.02
20. T.N. 58 F 0.17 0.18 0.01 NR
21. K.S. 62 M 0.17 0.21 0.05 0.00
mean+SD 33+14 0.16+0.02 0.18+0.02 0.02+0.02 0.03+0.02

P-A=interval between the beginning of the P wave and the time of velocity peak of PE flow; Q-A =interval
between the Q wave and the time of velocity peak of PE flow; A-I=interval between the time of velocity peak of
PE flow and the beginning of the first heart sound; NR=correct measurements are not available because of un-

satisfactory recordings.
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Table 2. Temporal relationship between PE flow and ECG or PCG in patients with atrial

fibrillation

Patient Disease Age Sex Q-V (sec) V-I (sec)
1. K.M. MS 46 F 0.07 0.01
2. M.T. MS 50 F 0.06 0.01
3. T.Y. MS 55 F 0.05 0.00
4, H.I. MS 56 F 0.06 0.00
5. A.O. MS 60 F 0.05 0.00
6. T.M. MS 60 F 0.08 0.00
7. M.M. MR 60 F 0.06 —0.02
8. H.S. MR 73 M 0.05 0.00
9. K.F. MR 82 M 0.07 0.00
10. H.A. HT 67 M 0.06 0.00
11. S.F. HT 72 F 0.06 —0.01
12. S.H. DCM 62 M 0.07 NR

mean+SD 62+10 0.06+0.01 0.00£0.01

MS =mitral stenosis; MR =mitral regurgitation; HT =hypertension; DCM =dilated cardiomyopathy.
Q-V=interval between the Q wave and the time of velocity peak of PE flow; V-I=interval between the time
of velocity peak of PE flow and the beginning of the first heart sound.

Table 3. Temporal relationship between PE flow and ECG in patients with AV block

Patient Age Sex PQ (sec) P-A’ (sec) Q-A’ (sec) Q-V’ (sec)
(First degree AV block)
1. K.K. 21 M 0.23 0.21 —0.01 0.05
2. M.F. 53 M 0.25 0.24 —0.01 0.05
3. T.K. 64 F 0.25 0.20 —0.01 0.04
mean=+SD 46+18 0.24+0.01 0.22+0.02 —0.01+0.00 0.05+0.01
(Second degree AV block of the Wenckebach type)
4. T.O. 16 M 0.18 0.18 0.00 —
0.22 0.19 —0.03 0.04
0.25 0.18 —0.07 0.04
— 0.17 — —
5. K.S. 36 M 0.22 0.19 —0.03 0.06
0.26 0.19 —-0.07 0.04
0.26 0.20 —0.06 0.05
0.32 0.19 —-0.13 0.05
— 0.17 — —

P-A’=interval between the beginning of the P wave and the time of velocity peak of A component; Q-A’=
interval between the Q wave and the time of velocity peak of A component; Q-V’=interval between the Q wave
and tke time of velocity peak of V component
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Fig. 6. Schematic illustrations of the temporal relationship between PE flow and ECG

or PCG.

In healthy subjects, PE flow is detected as a monophasic pattern which is composed of an A com-
ponent related to the atrial contraction and a V component related to ventricular contraction (upper
panel). In first degree AV block, A component and V component appear separately, giving two peaks
(middle panel). In patients with atrial fibrillation, the PE flow has only the V component (lower panel).
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Fig. 7. Interpretation of the mechanism of PE
flow.

PE flow consists of two components. The origin of
the first A component (indicated as atrial contraction
in the left panel) is caused by the atrial inflow turning
up from the apex toward the cardiac base. The second
V component (indicated as ventricular contraction in
the right panel) reflects a rise in LV pressure due to
LV contraction, and contributes to the complete
closure of the mitral leaflets.
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