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Summary

Since the description of late diastolic mitral regurgitation (MR) detected by left ventriculography,
the risk of overestimating systolic MR has been pointed out. However, it has not been well studied by
pulsed Doppler echocardiography, though this method is thought to be extremely useful to analyze
systolic MR. The purpose of this study was to evaluate the usefulness of pulsed Doppler echocardio-
graphy in assessing late diastolic MR and to clarify the pathophysiology of this MR.

With the probe in the apical position, the blood flow pattern at the left atrial outflow tract was
investigated in 226 consecutive cases who underwent left ventriculography. Late diastolic MR, which
could not be attributed to ventricular premature contraction, was observed in 10 cases (4.4%) by left
ventriculography. Meanwhile, by pulsed Doppler echocardiography, late diastolic disturbed flow
directing towards the left atrial cavity in late diastole was detected in 15 cases (6.6%) including 10
cases with positive left ventriculographic MR. Among these 15 cases, 14 (93%) had atrial fibrillation
and exhibited this MR only in the cardiac cycle with prolonged R-R intervals. The limitation in number
of cardiac cycles which could be analyzed and the rapid heart rate eliminating the appearance of the
beat with prolonged R-R intervals may be the reasons for the paucity of late diastolic MR by left ventri-
culography. Ten cases (66%,) of late diastolic MR, including one with sinus rhythm, had aortic regurgi-
tation, three cases showed high-grade systolic MR, and two had atrial septal defect. The simultaneous
recording of pulmonary arterial wedge pressure and left ventricular pressure in three patients show
a reversal of pressure gradient across the mitral valve in late diastole when the R-R interval was
prolonged.

In conclusion, pulsed Doppler echocardiography is useful in detecting late diastolic MR, and
in reducing overestimates of systolic MR by ventriculography which was induced by erroneous addi-
tion of late diastolic MR, because Doppler method has better time resolution in phase analysis. We
believe that incomplete premature mitral valve closure caused by a delay in left ventricular contrac-
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tion following prolonged R-R intervals, and the reversal of left atrial-left ventricular pressure gradient
induced by left ventricular over-filling played important roles in the occurrence of late diastolic MR.

Key words
Pulsed Doppler echocardiography
fibrillation

Late diastolic mitral regurgitation

Aortic regurgitation Atrial

I C &Iz

Aldridge &V DRELIK, EEER EOHEK
WiEiE P (late diastolic mitral regurgitation,
LTHREH MR) o BEshTsY, [
WP DEERISIES O R-R FERRIERRD?,
KREWRFBAFADIE" B 5 Vi3, IERELLAGRES
CBWT, HEHEHEECHE S &3, &
DT MBI, BRI IR & o K3 H5
blWnwz bly, EREFE, IWHEHMIERYR
T @ADL H 7. —F, BF
BEerinz - K77 — oIS S0 Eic
s FRAKIC >wTiR, TTIRIESBDLR
T3 LZATHa2Y, FEkE Avic iLEKY
MR (cB+ 2R BREHE, 2L A RN,

AHFED HEZ, BEE S VR - K77 —Hh%
vy, ZoBEOIEKRE MR §Hiice+ 24
R W TR 2 L & bic, RO RES
HEPHERICOVWTEREMRI 3 Lich 5.

HREVFE

MHRBIDEENREDNEREREL T L IE
e 254 fith, RIFREFBNMEE K77 —(EE0E
bivie 226 ] (Rt L 90 1, Ol 73
B, RERHEOHEE 34 4, SERMEOENR 19 61, &
M FEPECHER 2 6, IREMECER 161, v 4 %
OB R 16, #RELEMS) 15, MkiERER
54) Th 5. KBIIRA AT LR ORISR
2HicI T 5 BEEEFMMEIX, Sellers m4¥H1ic
v, EHBTRY» O 4 BB 2 TR - 1. BF
BANVZ - F75—iz7ud SSD-910 (3
AR 275MHz, ~Az#&9iE L Bk % 44
KHz, K735 —{5&» time delay 22 msec!?) %

iz, BREICEEL T, Xt5E % RE 07
frE L, 2 DKWL BEHEE—L28AL,
EEFRHEICRB T 2 MEx Bt Lz,

¥ 7

Fig. 1 o KBIIRFFASA2E (1 E) LOE
MBI BP0 EERBBLAEE S 27T KT
F+a<, LERED R-R MBEERICEES
A~ DILERAEHIELIR 2 & 8%, = Wit SEaRiks
MR zR+boLtBbhiz. FE&ELEZ M =
—Fbxza—Rci, FFRic—&LT, @EH
1% plateau » LEEEAEEFH~OBEZRL, ¥
WA MR ok > ERFBOR & KM LT
RoXxoicBbhi. Fig. 2 i1 Fig. 1 » G—i
#lo R-R BBEERICR T 3 EXEEFHRLY =
T8, REVTRTIL, HEKHIcERE~DOMF
FiR %z . Fig. 3 x KERAASARL (11 )
ROEIRFASAE (11 E) 3k O EMsh
B EERHELAESTH 52, R-R B
MRERRE, REJTRTIL, Fig. 1 L FEgEoHE
WH MR TR Z23E» 7. AR C—&LTM=
= Fbxa—RTi, MERIEESRMERMED
ERTE TIZE plateau f1 2R L 7. EEEEHA
(Fig. 4) <, R-R FBIERR, HERKHics T
LEBRE~OWFHEBD I

R OIEXRY MR 13, ExwggEcir, &
Bloxtgel 226 Fi, DEEHISMREE% O R-R
MIRRERBHCED b h 7z 14 ) B4k iz, 10 4
(44%) iILBWTED bhlDicHtL, vz - K
77 =TI, Thb 10 flzEte 15 4] (6.6%)
TR bR, Zh b DEFIOEEKRET R % Table
LRy, DA% K77 — o REE <
HBH, hd 1545 10 4] (66%) iz KBRS

— 818 —



JERRRE HI R A

i fwwwwm'r

Tr wmamm«w

T g R A
3 Resers
b SRS IR (e AN

Fig. 1. Doppler signals at the left atrial outflow tract obtamed from a case with grade 3
aortic regurgitation complicated by atrial fibrillation.

Late diastolic disturbed flow towards the left atrial cavity is observed in the cardiac cycle with pro-
longed R-R interval (arrow), indicating late diastolic mitral regurgitation. Coincidently, the mitral valve
shows plateau movement or slight motion towards the left ventricular cavity on M-mode echocardio-
gram, reflecting the decreasing left ventricular volume.

DOPPL =Doppler; ECG =electrocardiogram; PCG =phonocardiogram; UCG =ultrasound cardio-
gram; SV =sample volume; LV =left ventricle, LA =left atrium; Ao=aorta.
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Mid Diastole

Late Diastole

Fig. 2. Left ventriculograms obtained from the
same case as in Fig. 1.

Mitral regurgitation is observed in late diastole
(arrow).
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Table 1. Clinical findings in cases with late
diastolic mitral regurgitation

(f\rlgt Age Sex Diagnosis Rhythm (I_g::z:/i;:fg*)
1 40 M AR+MRs Af 66
2 47 M AR+MRs Af 80
3 21 F AR-+MRs Af 84
4 4 F AR+Ms Af 63
5 31 M AR+MRs Af 72
6 36 F AR+MRs Af 60
7 56 M AR Af 66
8 65 F ASR Af 60
9 34 F ASR+Ms Af 54

10 51 M AR S 83
11 26 F MRs Af 60
12 27 F MR Af 72
13 29 F MR Af 60
14 46 M ASD Af 51
15 63 M ASD Af 66

M=male; F=female; AR=aortic regurgitation;
As=aortic stenosis ; MR =mitral regurgitation; Ms=
mitral stenosis; ASD =atrial septal defect; Af=atrial
fibrillation; S=sinus rhythm.

* Heart rate during pulsed Doppler echocardio-
graphy.
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Fig. 3. Doppler sxgnals at the left atrial outﬂow tract obtained from a case with grade 2
aortic regurgitation, grade 2 mitral regurgitation and mitral stenosis complicated with

atrial fibrillation.

Late diastolic disturbed flow directing towards the left atrial cavity is observed in the cardiac cycle
with prolonged R-R interval (arrow), suggesting mitral regurgitation. At this phase, mitral valve
motion appeared to plateau on M-mode echocardiogram.

Abbrebiations as in Fig. 1.
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Late Diastole

Fig. 4. Left ventriculograms obtained from the
same case as in Fig. 3.

Mitral regurgitation is observed in late diastole
(arrow).
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Table 2. Hemodynamic and angiographic findings in cases with late diastolic mitral

regurgitation

Heart rate (beats/min.)

Pressures (mmHg)

Angiograms

Case

 rmm e M N, e ommme o S o
1 58 66 13 —_ 9 + 11 I +
2 60 100 42 — 23 - I 1901 +
3 85 90 33 — 16 - 1 I -
4 78 84 13 — 11 + I — -
5 80 78 15 — 7 + 001 11 +
6 80 78 8 — 8 - 11 11 +
7 66 77 14 — 12 - 111 — +
8 78 78 8 — — - I — -
9 72 76 26 — 12 - 11 — -
10 9% 90 13 — 30 - 11 — n
1 80 78 28 — 11 - — 901 -
12 78 90 22 — 14 - — v ¥
13 66 72 — — 10 - — v +
14 60 60 — 8 12 - — — +
15 78 80 — 4 8 - — — ¥

LVG =left ventriculography; PA(W)P =pulmonary artery wedge pressure; LAP =left atrial pressure; LVEDP=
left ventricular end-diastolic pressure; AR =aortic regurgitation; MR =mitral regurgitation; LDMR =late diastolic

mitral regurgitation.
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Fig. 5. Doppler signals at the left atrial outflow tract obtamed from a case with grade 3
aortic regurgitation without atrial fibrillation (Case 10).

Late diastolic mitral regurgitant signal is observed (arrow). The overshooting signal at the opposite
side is aliasing due to high flow velocity. On M-mode echocardiogram, the mitral valve exhibits
early closure corresponding with this flow (open arrow).

Abbreviations as in Fig. 1.
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Fig. 6. Doppler signals at the left atrial outflow tract obtained from a case with grade 3
aortic regurgitation, grade 2 mitral regurgitation and mitral stenosis complicated with
atrial fibrillation (Case 5).

Late diastolic mitral regurgitant signal (arrows) is observed in the cardiac cycle similar to those in
Fig. 1 or 3.

Abbreviations as in Fig. 1.
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Fig. 7. Simultaneous recording of pulmonary arterial wedge pressure and left ventricular
pressure obtained from the same case as in Fig. 6.

Reversal of pressure gradient across the mitral valve at late diastole is observed in the cardiac cycle
with prolonged R-R interval (arrow).
LV-P=left ventricular pressure.

For other abbreviations, see Fig. 1 and Table 2.
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Fig. 8. Doppler signals at the left atrial outflow tract obtained from a case with grade 2
aortic regurgitation, grade 2 mitral regurgitation and mitral stenosis complicated with
atrial fibrillation (Case 1).
Late diastolic mitral regurgitant flow is observed in the cardiac cycle similar to those in Figs. 1, 3
and 6 (arrow).

Abbreviations as in Fig. 1.
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Fig. 9. Simultaneous recording of pulmonary arterial wedge pressure and left ventricular
pressure obtained from the same case in as Fig. 8.

Reversal of pressure gradient is observed at the cardiac cycle with prolonged preceding R-R interval
(arrow).

Abbreviations as in Table 2 and Fig. 7.

Fig. 10. M-mode echocardiogram obtained from a case with atrial septal defect compli-
cated with atrial fibrillation (Case 14).

The interventricular septum shows paradoxical motion with the maximal movement towards the
left ventricle in late diastole. This finding suggests the possibility of the reduction of left ventri-
cular volume induced by the interventricular paradoxical motion contributing to the occurrence
of late diastolic mitral regurgitation.

RV =right ventricle; IVS =interventricular septum; LV =left ventricle.
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