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Summary

We studied the flow velocity patterns at the outflow tract of the right ventricle and the root
of the main pulmonary artery in patients with pulmonary hypertension using bi-directional pulsed
Doppler echocardiography combined with real-time two-dimensional echocardiography. Fifteen
normal subjects and 12 patients with heart disease who underwent cardiac catheterization were studied.
The pulmonary flow velocity pattern in a dog with pulmonary hypertension, which was acutely pro-
duced by injection of potato starch granules suspended in saline through the catheter into the main
pulmonary artery, was also analyzed.

1) The flow velocity pattern in normal subjects was a monophasic flow curve peaking in mid-
systole and sustaining to end-systole (“‘U” pattern). Four in 5 patients without pulmonary hypertension
had the normal flow pattern. In 7 patients with pulmonary hypertension, peak flow velocity was observed
in early systole and a sharp descent occurred in mid-systole. The flow curves in these patients were classi-
fied into 2 patterns according to the flow profile in late systole. Pattern 1 (“‘W”’ pattern) had a bifid flow
with the second peak in late systole. Pattern 2 (“‘V”’ pattern) was characterized by the absence of re-ac-
celeration of the flow in late systole. The flow was almost standing or even reversed in late systole.

2) In experimental pulmonary hypertension, the flow pattern was altered from “U”’ pattern into
“W” pattern, and from “W” pattern into “V”’ pattern, with an elevation of pulmonary arterial pressure
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caused by a rise in peripheral resistance. In patients with atrial fibrillation, the flow pattern might change
according to cardiac cycle length. “W” pattern was noted following long preceding intervals, while the
flow pattern shifted to “V”’ pattern following short preceding intervals. However, only “V” pattern
was observed in some patients with atrial fibrillation and almost the same hemodynamic indices as in
patients revealing “W” and V" pattern described above.

3) The sampling site of the Doppler signal may alter the flow profile. In a patient with chronic
cor pulmonale, the flow revealed “U” pattern at the root of the main pulmonary artery, and “W”” and
““V” pattern at the distal portion of the pulmonary trunk. In a dog, the flow pattern shifted with chang-
ing the sampling site.

The deceleration of the pulmonary blood flow in early systole, observed in patients with pulmonary
hypertension, indicated that the pressure gradient between the right ventricle and the pulmonary artery
may be reversed in earlier stage than usual under the condition of the pulmonary hypertension. The
arrival of the reflected pressure pulse wave from peripheral vascular bed, calculated from the reported
data of wave-speed in the pulmonary artery, can begin at early systole in patients with pulmonary
hypertension, while it begins at late systole in normal subjects. Diminished caliber or closing of pul-
monary arterioles and capillaries in patients with pulmonary hypertension could increase the amount
of reflection from peripheral sites. It is suggested that the pulmonary flow pattern can be affected by
the reflection of the pulse wave as well as by the blood pressure and the stroke volume.
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Fig. 1. Sampling sites of the Doppler signal.

The pulmonary flow velocity pattern is observed
at the outflow tract of the right ventricle and the
root of the main pulmonary artery.
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Fig. 2. The pulmonary flow velocity patterns in a normal subject.

The flow velocity pattern is a monophasic curve peaking in mid-systole and sustainning to end-

systole.
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Fig. 3. The pulmonary flow velocity patterns in a dog.
The flow velocity pattern is altered with an elevation of pulmonary arterial pressure.
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Fig. 4. The classification of the pulmonary
flow velocity patterns.
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Table 1. The pulmonary flow velocity patterns and the hemodynamic indices

Case Heart Pulmonary Peak pulmonary Cardiac
No. Diagnosis Age Sex rate Rhythm flow velocity arterial pressure index
(bts/min) pattern (mmHg) (L/min/m?)
1 COLD 53 M 68 NSR U 28 4.4
2 IHD 55 M 80 NSR 18] 20 4.5
3 IHD 54 M 86 NSR U 24 3.9
4 IHD 62 M 52 NSR U 22 3.4
5 MS 52 F 88 Af W,V 22 4.3
6 MS (OMC) and AR 46 M 72 Af A% 55 3.3
7 MR (MVR) 66 F 84 Af W,V 50 2.9
8 MS and ASR 53 M 52 Af A% 45% 341
9 Cor pulmonale 56 M 76 NSR U, w, v 45-65 —
10 PPH 58 F 100 Af W,V 50 —
11 MS (MVR) and AS (AVR) 61 F 60 Af A% 32 2.9
12 MS and AR 39 M 68 Af W 30 255

*peak right ventricular pressure.

COLD =chronic obstructive lung disease; IHD =ischemic heart disease; MS=mitral stenosis; MR =mitral
regurgitation; AS=aortic stenosis; AR=aortic regurgitation; ASR=aortic stenosis and regurgitation; PPH=
primary pulmonary hypertension; OMC=open mitral comissurotomy; MVR=mitral valve replacement; AVR=
aortic valve replacement; NSR=normal sinus rhythm; Af=atrial fibrillation.

~RV(outflow)

Fig. 5. The pulmonary flow velocity pattern in a patient with pulmonary hypertension

(Case 7).
““W» pattern is noted following long preceding intervals, and the flow pattern shifts to ‘v

pattern following short preceding intervals.
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Fig. 6. The pulmonary flow velocity pattern in a patient with almost the same hemo-

dynamic indices as Case 7 (Case 8).

Only ““V” pattern is observed in these records.
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Fig. 7. The pulmonary flow velocity patterns in a patient with chronic cor pulmonale

(Case 9).

The flow showed ‘“U” pattern at the root of the main pulmonary artery, and ‘“W” pattern at the

distal portion of the pulmonary trunk.
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Fig. 8. The pulmonary flow velocity patterns in a dog.
The flow pattern shifts according to the sampling site.
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Fig. 9. The pulmonary flow velocity patterns at the outflow tract of the right ventricle
in a normal subject.

The flow shows ‘““W” pattern (right panel), when the ultrasound beam is directed to the wall of
the right ventricle.
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