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Summary

To investigate the possibility for detection of atrio-ventricular (A-V) regurgitation in arrhythmias
non-invasively, we recorded velocity patterns of blood flow at the inflow tract of the right (RVI) and left
ventricles (LVI), and at the outflow tract of the left ventricle (LVO) by pulsed Doppler echocard-
iography in 32 patients with various types of arrhythmia. They were six cases with supraventricular
premature contraction (SVPC), 13 with ventricular premature contraction (VPC), two with second
degree A-V block, five with complete A-V block and six with artificial right ventricular pacemaker.

The following results were obtained.

1. In SVPC, peak velocity of the preceding early diastolic flow of RVI and LVI was related
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to the coupling interval. A crucial ectopic atrial contraction occurring at the early diastole
augmented right or left ventricular filling by summation of the two kinds of ventricular filling.
Peak velocity of the early diastolic flow at RVI and LVI was decreased after SVPC compared with
that of normal sinus rhythm. A reverse flow was not observed in RVI or LVI velocity pattern in these
cases.

2. In VPC, peak velocity of the preceding early diastolic flow at RVI and LVI was related to
the coupling interval. An effective early diastolic flow was not observed when coupling interval was
short. A systolic A-V reverse flow was detected in six of eight cases of VPC with compensatory
pause. In these six cases, M-mode and two-dimensional echograms showed patterns of tricuspid
and/or mitral valve prolapse and systolic *“ bulging ” of the left ventricular posterior wall.

3. Peak velocity of the blood flow at LVO was decreased in VPCs with short coupling in-
tervals, but it was increased markedly in the next beat after compensatory pause (post-extrasystolic
potentiation).

4. Velocity pattern of a blood flow at RVI and LVI showed two types of reverse flow patterns
in all cases with complete A-V block or with artificial right ventricular pacemaker ; a) systolic reverse
flow in beats with P wave superimposed on QRS complex or ST segment, and b) diastolic reverse
flow in beats with markedly prolonged P-R intervals.

Diastolic tricuspid regurgitation was demonstrated by contrast echography at the level of the tri-
cuspid valve orifice, and diastolic mitral regurgitation by left cineventriculography.

The clinical implication of pulsed Doppler echocardiography to detect A-V regurgitation during

systole and diastole was discussed in various types of arrhythmia.
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Table 1. Subjects

Subjects No. of cases

Supraventricular premature contraction (SVPC) 6

Ventricular premature contraction (VPC)

with compensatory pause 8
interpolated 5
Second degree A-V heart block 2
Complete A-V heart block 5
Cardiac pacemaker implantation 6

Total 32
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Fig. 1. Velocity pattern of blood flow at the inflow tract of the left ventricle in a patient
with supraventricular premature contraction (SVPC).

Peak velocity of the preceding early diastolic flow of the left ventricle is related to the coupling
interval of SVPC. An early diastolic ectopic atrial contraction augments left ventricular filling as a
summation of the original left ventricular rapid filling and atriogenic filling. Peak velocity of the
early diastolic flow of the left ventricle after SPVC is decreased compared with that of normal

sinus rhythm.
SV=sample volume; MV =mitral valve.
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Fig. 2. Velocity pattern of blood flow at the inflow tract of the left ventricle in a patient
with an interpolated ventricular premature contraction (VPC).

Peak velocity of the preceding early diastolic flow of the left ventricle is related to the coupling
interval of VPC. An effective early diastolic filling cannot be observed when VPC occurs too early as
in this case. However, this reduction of early diastolic flow produces markedly augmented atrial con-

traction after VPC.
SV=sample volume; MV =mitral valve.

BOLEIESEHICAE L Bz iCEESH, E
HiATAEROSERARR L YV bEVWERZ AL
Tz, #SMEER 0BFEFRAZ, 51T R-R M@
Hiniow, EEFFAER O SFHBARKIC T
peak velocity o g &R L%k

B, BERYHE TR TS reverse flow 3
Buvnix dot oAk, 6FIF 1 flb Do
Iz,

2. LEHHIMIEE (VPC) OFZEMiR/Nd—v

1) mAtE VPC (Fig. 2)

HEESMoR Sicky, VPC 12T+ 5 filling
flow 2%+ 30, b5 id AT filling
flow (ZEMAR) XY b peak velocity 23
+5,% —v &R L. VPC H#% oL ENKEE
FIEE RTAER 0 7 hiclb X T peak velocity o
WEERLE

BEFYFE TR 5 reverse flow HBu i
dot OB ERTHRISHIFIAILED BIA
holz.

2) MR EE S5 VPC (Fig. 3)

BAME VPC o4 L iz Rk 0B =R #
— v ERLE. ERRFAfRCEXT, VPC #
DOEEFAP o peak velocity 3)E H 5 WIXIE
#  DENERE o peak velocity ZIEHR & 5 Wi
HREm &R L.

28, Zofo VPC 8 fid 6 BlicEER DIX
W 2R3 5 reverse flow oz, =
hboflickiys VPC o M £— Fbhxza—
KX FE =S o pansystolic bowing % % v+ mid-
systolic buckling TR # R L, Bigl==—KT
BEEROLERN~ORB 2B (Fig. 4).

3. DEHHISMUE (VPC) O R MK/t — >
(Fig. 5)

VPC & B H M i FAME 3 & O AR
KIEHIEET 5 HE O WThiz B TH, peak
velocity 3@ L, ZoREEL VPC ok
DRELOBICEEZED .

VPC #% oBRH kR, BAME VPC <
ERAFAERELIELAEEEBO R0, K
EHERIER 2 B 5 HA 113 F 7 peak velo-

— 620 —



REENRIG D B < & — v

Fig. 3. Velocity patterns of blood flow at the inflow tract of the right and left ventricles
in 2 patients with ventricular premature contraction (VPC) having compensatory pause.

In these cases, peak velocity of the preceding early diastolic filling is decreased. An atrioventricular
reverse flow (large arrows) is observed only during systole of VPCs.

SV=sample volume; MV =mitral valve.
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normal sinus rhythm VPC

Fig. 4. M-mode and two-dimensional echograms in a patient with ventricular premature
contraction (VPC).

Panel A (M-mode echogram): Motion of the mitral valve is normal during sinus beats. Mid-systolic
buckling motion (arrows) is observed with VPC.

Panels B and C (two-dimensional echograms): A long-axis view of the mitral valve in PVC
(panel B, right) reveals movement of the posterior mitral leaflet (arrow) beyond the level of the mitral
ring into the left atrium, and a short-axis view of the left ventricle (panel C, right) of the same
case demonstrates systolic ‘“ bulging > of the left ventricular posterior wall.
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Fig. 5. Velocity patterns of blood flow at the outflow tract of the left ventricle in 2 patients
with ventricular premature contraction (VPC).

Upper panel (interpolated VPC): During VPC, the aortic valve fails to open due to the short coupling
interval. Peak velocity of the systolic flow of the left ventricle in the first beat after the VPC shows
no change compared with that of normal sinus rhythm.

Lower panel (VPC with compensatory pause): Peak velocity of the systolic flow of the left ventricle,
which is decreased markedly during VPC, is intensified in the first beat after the VPC.

SV=sample volume; AV =aortic valve.
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Fig. 6. Velocity pattern of blood flow at the inflow tract of the left ventricle in a patient

with 2:1 atrioventricular block.

A diastolic reverse flow (arrows) is observed between the nonconducted and conducted P waves.

Peak velocity of blood flow is more pronounced during atrial contraction related to the conducted

P wave compared to that related to the nonconducted P wave.

SV=sample volume; MV =mitral valve.
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Fig. 7. Velocity patterns of blood flow at the inflow tract of the right and left ventricles
in 2 patients with complete atrioventricular block and with artificial right ventricular

pacemaker.

Velocity patterns of blood flow at the inflow tract of the right (upper panel) and left (lower panel)
ventricles show two types of reverse flow pattern, 1) diastolic reverse flow pattern (D) in beats of markedly
prolonged P-R intervals, 2) systolic reverse flow pattern (S) in beats of P wave superimposed on

QRS complex or ST segment.

SV=sample volume; TV =tricuspid valve; MV =mitral valve.
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Fig. 8. Atrioventricular regurgitation in 2 patients with complete atrioventricular block
(top) and with artificial right ventricular pacemaker (bottom).

When P wave is superimposed on QRS complex or ST segment, the anterior tricuspid valve (ATV)
echo shows mid-systolic buckling motion (upper panel, arrow), and a mitral regurgitant murmur due
to papillary muscle dysfunction becomes more significant (lower panel, arrow).
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Fig. 9. Velocity pattern of blood flow at the inflow tract of the right ventricle (top) and
the contrast echogram at the level of tricuspid valve orifice (bottom) in a patient with artifi-

cial right ventricular pacemaker.

Velocity pattern of blood flow at the inflow tract of the right ventricle shows a diastolic reverse flow
(upper panel, “ D ”’) when P-R interval is markedly prolonged. This reverse flow corresponds to the
regurgitant linear echoes of the contrast echogram (lower panel, “ D).

SV =sample volume, TV =tricuspid valve.
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Fig. 10. Velocity pattern of blood flow at the inflow tract of the left ventricle and left
cineventriculograms of the right anterior oblique projection in a patient with complete

atrioventricular block.

Velocity pattern of blood flow at the inflow tract of the left ventricle shows a diastolic reverse flow
(upper panel, “ D’’) when P-R interval is markedly prolonged. The left cineventriculogram demon-
strates diastolic mitral regurgitation (lower panel, arrows).

SV =sample volume; ‘S’ =systolic reverse flow; MV =mitral valve.
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Fig. 11. Velocity pattern of blood flow at the inflow tract of the left ventricle in a normal

subject with a third heart sound.

A reverse flow (arrows) is observed during mid-diastole. However, this pattern reflects a rebound
flow from the cardiac apex to the base of the left ventricle, and is not the real atrioventricular

regurgitant flow.
SV =sample volume; MV =mitral valve.
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