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Summary :

Pulmonary venous flow (PVF) patterns in left heart failure were evaluated using transesophageal
pulsed Doppler echocardiography in 30 patients with dilated hearts (DH) and 30 normal subjects.
Eighteen patients had myocardial infarction and 12 patients had dilated cardiomyopathy. The diagnostic
criteria by using M-mode echocardiography were left ventricular end-diastolic dimensions (LVDd) of
5.5 cm or more and % LV fractional shortening (%FS) of less than 309%.

Peak velocities of the first systolic (PVS;) and second systolic (PVS;) forward waves of PVF,
%FS and total amplitude of mitral annular motion in the patient group were significantly de-
creased compared with the normal group. However, there were no differences in these para-
meters between the 22 patients (DH-1 group) with a mean pulmonary capillary wedge pressure
(PCWP) of less than 18 mmHg and 8 patients (DH-2 group) with a PCWP of 18 mmHg or greater.
Peak velocities of the diastolic forward wave of PVF and the early diastolic wave (D) of the
LV inflow velocity in the DH-1 group were significantly decreased, and the peak velocity of the atrial
contraction wave (A) of the LV inflow velocity was increased compared with those of the normal
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group. D of the LV inflow velocity, peak velocity of the diastolic forward wave, and peak velocity
of the atrial systolic backward wave of the PVF in the DH-2 group were significantly increased
compared with those of the DH-1 group. Significant positive correlations were observed between
peak velocity of the diastolic forward wave and D or PCWP in the patient group, but the latter rela-
tionship was not linear. The A/D ratio of the LV inflow velocity was significantly decreased, and
the ratio of the amplitudes of atrial contraction wave to total vertical deflection on the apexcardio-
gram of the DH-2 group were significantly increased compared with those of the DH-1 group.
A patient with extensive myocardial infarction associated with development of severe LV dysfunc-
tion (PCWP=23 mmHg) and a ** pseudonormalization >’ pattern of LV inflow velocity demonstrated
markedly increased peak velocities of the diastolic and atrial systolic forward wave, and decreased
PVS,. However, the peak velocities of the diastolic and atrial systolic forward wave were decreased, and
that of PVS, was increased with fair improvement of LV dysfunction (PCWP=10 mmHg) and with
compensatory augmentation of the atrial contraction wave A of LV inflow velocity.

This study suggests that pulmonary venous flow patterns clearly reflect the modes of left ventric-
ular dysfunction in dilated hearts, and that PVS, can be influenced by systolic left ventricular function,
and peak velocities of the diastolic and atrial systolic forward waves by diastolic left ventricular func-
tion.
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Table 1. Patients and normal subjects

No. of Age (yrs)
patients

(mean+SD)

Normal 30 47.1+10.9
Dilated heart (DH) 30 54.94+14.1
D PeWris mmitg 22 57.0+14.8
P e mmpg 8 4894104

SD =standard deviation; PCWP=pulmonary ca-
pillary wedge pressure.
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Fig. 1. Measurement of various parameters from pulmonary venous flow velocity pat-

tern.

PVF =pulmonary venous flow velocity pattern; PVS,=peak velocity of a first systolic forward wave;
PVS,=peak velocity of a second systolic forward wave; PVD=peak velocity of a diastolic forward
wave; PVA =peak velocity of an atrial contraction backward wave; SV=sample volume; LAA =left

atrial appendage; PV=pulmonary vein.
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Fig. 2. Typical patterns of pulmonary venous flow in normal and dilated heart groups.
PVS,, PVS; and PVD are decreased in a patient in the DH-1 group. PVD and PVA are markedly
increased in a patient in the DH-2 group. Abbreviations as in Table 1, Fig. 1.
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Fig. 3. Comparisons of LVDd, %FS and MAM between the three groups.
LVDd=left ventricular end-diastolic dimension; FS=fractional shortening; MAM =total ampli-
tude of the mitral annulus motion during a cardiac cycle. Other abbreviations as in Table 1.

25, DH-13 X0 DH-2 @M<z, £ENERE

PYSs PVS2

(cfsec) e —p5 (cafsec oo
R (BoBD 204+7.4% vs 17.5+11.7%), 4 [ [l S *is—
TEHREBBEIEN (oD 7.3+2.0mm vs 7.4+
12mm) iZBLT, WTFhLEEZE2BOr-
Tz 80 a0
BB 35 1T B Rifiee R L7053 T2 O R A 34 R 755 O LR
(Fig. 4) 645
DH-1#% (31.6+12.1 cm/sec) & DH-2 g (30.5 w
+10.3 cm/sec) iz 8 1F 5 PVSy i, # R (4.7 od T o b
14.5 cm/sec) it R THE /M (BD D p<0.01, 35 das
$<0.05) THotzd, DH omBEERIcIBEEE %
DT * P<0.05
*P <005
—%, DH £k (49.0422.0 cm/sec) » PVS, *%p <00l
EE R (64.5118.5 cm/sec) IR THE /S N DHO) OHE) TR o o

(p<0.05) T & 775 DH-18¢ (49.1+22.8 cm/
sec) & DH-2# (45.0+22.0 cm/sec) D iz B
BExzRD b o,
EBIcB 3iRGMEEOE: (Fig.5)
ERBAMTEEY OIREHERS D con
Tix, DH-1g (50.0+ 19.4 cm/sec) »s 4 % B

Fig. 4. Comparisons of PVS, and PVS, between
the three groups.
Abbreviations as in Table 1, Fig. 1.
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Fig. 5. Comparisons of D and PVD between the three groups and correlation between PVD

and PCWP in dilated heart.

D =peak velocity of an early diastolic wave of left ventricular inflow velocity pattern (LVIF). Other

abbreviations as in Table 1, Fig. 1.
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Fig. 6. Comparisons of PVA, A/D of LVIF and A/H of ACG between the three groups.

LVIF =left ventricular inflow velocity pattern; A/D=ratio of peak velocity of an atrial contraction
wave to that of an early diastolic wave; A/H=amplitude of an atrial contraction wave to that of a total
vertical deflection; ACG =apexcardiogram. Other abbreviations as in Table 1, Fig. 1.
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Fig. 7. Changes of LVIF and PVF in a patient with extensive myocardial infarction.

Upper: First recording at the period with a PCWP of 23 mmHg. LVIF indicates the ‘‘ pseudo-
normalization >’ pattern despite the impaired left ventricular function. PVF shows decreased PVS,,
and increased PVD and PVA.

Lower: Second recording at the period with a PCWP of 10 mmHg. Atrial contraction wave A of
LVIF shows a compensatory increase in flow velocity, because of the decrease in peak velocity of the
early diastolic wave D. PVS, of PVF is more increased, and PVD and PVA are decreased compared
with the first recording. Abbreviations as in Fig. 1.
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First recording

Second recording

Fig. 8. Changes in the apexcardiogram (ACG) in the same patient as Fig. 7.
Left: First recording at the period with a PCWP of 23 mmHg. Left ventricular rapid filling wave
(RF) is markedly increased. Atrial contraction is associated with a huge atrial contraction wave A

with high pre-A point.

Right: Second recording at the period with a PCWP of 10 mmHg. RF and A waves are significantly

decreased compared with the first recording.
O =nadir of early diastolic curve.
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