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Correlation of the Time Interval from the Peak of Mitral E Wave to the
Peak of Pulmonary Venous D Wave with Mitral Doppler Indexes
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ABSTRACT

Background[] Pulmonary venous diastolic flow follows the pattern of mitral flow and is dependent on the pre-
ssure difference between the pulmonary vein and the left atrium (LA). The magnitude of the decrease in LA
pressure in early diastole depends on both the volume of the blood leaving the LA and the stiffness of the left
ventricle (LV) and the LA. Relaxation process is known to govern early diastolic compliance. We hypothesized
that in patients with decreased early diastolic compliance due to LV relaxation abnormality, there may be rapid
rise in LV and LA pressure, resulting in early peak of pulmonary venous D wave as early LV diastolic filling
progress. This study was undertaken to define this hypothesis and to examine the relation of the time interval
between E wave peak and D wave peak to mitral doppler indexes. Method[] Patients with significant mitral or
aortic valvular disease, or patients with LV ejection fraction below 60%, or patients who have pseudonormal
or restrictive LV filling pattern on mitral and pulmonary venous Doppler, were excluded from this study. Mitral
Doppler indexes including peak E velocity, peak A velocity, E wave acceleration time (EAT) and deceleration
time (EDT) were measured. E/A ratio was calculated. The isovolumic relaxation time from aortic valve closure
(Ac) to the onset of E wave , the time interval from Ac to the peak of E wave (AcE), the time interval from Ac to
the peak of D wave, and the diastolic time from Ac to R of electrocardiogram (AcR) were measured by the
pulsed wave Doppler and phonocardiography. The time interval from the peak of E wave to the peak of D wave
(ED) was calculated by the subtraction of AcE from AcD. Results[ 1) ED is significantly shorter in patients
with E/A<] than those with E/A>1 (58.9+ 27.4 msec versus 74.7+ 17.2 msec, p<0.05). 2) ED correlated with
IVRT (0 —0.400, p<0.01), AcR (rJ 0.414, p<0.01), but not with E/A ratio, EDT, or EAT. 3) Multivariate lin-
ear regression analysis with all the previously mentioned variables showed that IVRT, AcR, and EAT were
independent determinants of the ED. Conclusionl] This study demonstrates that the ED is shortened in patients
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who are regarded as having LV relaxation abnormality and that ED is affected by IVRT, AcR, and EAT.

(Korean Circulation J 1999;29(2):913-918)

KEY WORDS[ LV relaxation abnormality - Time interval between mitral E peak and pulmonary venous D peak.
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Fig. 1. Method of measurement of fime interval from the peak of E wave to the peak of D wave (ED interval).
Time interval from aortic valve closure to the peak of E wave (AcE) and time interval from aortic valve closure to
the peak of D wave (AcD) were measured with phonography and pulsed-wave doppler. ED interval was calcul-
ated by the subtraction of AcE from AcD. AO ED interval in patient with E/A> 1. BO ED interval in patient with E/A<1.
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Table 1. Comparision of variables between with E/A> 1 group and E/A 1 group

Variable E/A= 1 (n=15) E/A 1 (n=30) p value
IVRT (msec) 777+ 158 107.2+ 27.6 <0.001
E (cm/sec) 70.4+ 12.5 53.6x 143 <0.001
A (cm/sec) 60.7+ 8.9 80.9+ 17.5 <0.001
EAT (msec) 76.6x 8.9 777+ 18.8 0.808
EDT (msec) 166.9+ 4.5 187.2+ 47.6 0.065
A dur (msec) 130.2+ 14.5 146.9x 16.2 <0.001
ED (msec) 747+ 17.2 58.9+ 27.4 <0.05
PVs (cm/sec) 53.7+ 12.1 62.5+ 13.4 <0.05
PVd (cm/sec) 471+ 5.6 349+ 93 <0.001
PVa (cm/sec) 292+ 4.5 33.8+ 14.6 <0.05
PVa dur (msec) 111.0£ 16.8 116.4+ 20.7 0.43
ACR (msec) 564.1+ 85.2 502.7+ 101.7 <0.05

Data are mean+ SD

IVRTO isovolumic relaxation time

EO mitral E wave velocity

AO mitral A wave velocity
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Fig. 2. Correlation between ED interval and IVRT. EDO
The time interval from the peak of E wave to the peak
of D wave, IVRTO isovolumic relaxation time.
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PVsO pulmonary vein systolic velocity

PVdO pulmonary vein diastolic velocity

PVa0O pulmonary vein atrial reversal velocity
PVa dur pulmonary vein atrial reversal duration
EDTO E wave deceleration time

A dur A wave duration

Table 2. Correlates of the ED interval

Correlation cofficient p value
IVRT —0.400 0.006
E/A 0.275 0.068
EDT 0.174 0.254
EAT —0.063 0.680
AcR 0.414 0.005

00 00 0,00 000 000 000 00 000
0. ED 0000 0000 000 00 O 0000
000 0O 0000 0000 000 O 0000 00
0000 000 0000 ooo 0o0o 000
00 000 00 0000 000 000 000 00
0 000 OO0 00 OO0 O 00 000 000
00 000 000 00,0000 000 000 00
000, 00000 0000 000 00 000 OO0
000 OO0 0o

0000 000 000 000 0000000 O
000 OO0 000 00 000 000 000 O
0399 0p gooo 000 000 000 0000
0 0000 000 00 000 0000 0000 sti-
finess0 OO0 000 002®¥ goo 000 OO
00 stiffress0 0000 000 OO0 0000 OO
0 00 0000 0000 000 00 0000 00
0 000 0O0.000 00000 000 000 00

Korean Circulation J 1999;29(9):913-918



00 000 OO0 00 0o 0o0d ooo go,o
00 000 O(viscoelastic force), 000 O00O0O0O
(ventricular interaction), 000 OO OO (pericar—
dial restraint), 0 0000 OOOO0 OO OOOO
0000 000 OO0O0 effective operating chamber
complianceld 0000.” 000 o000 DOO0O0
00-00 00,0 00 compliancell 000 O0OO
000 OO0 00 000000 0ddeady OOO
0 00 000 0o ooo? operating compliance
0O 000000 000 00-00000 0ooo o
0000000 ooo™®oooooo0o®o
00 stiffnessd 0000 stiffnessd OO0 OO0
0 000 OO0 0O0.0 OO0 OO0 Oooo oo
0 O0 (active and passive process)[] 000 OO
O dynamic stiffnessd] OO0O0 OO0 O0OO0OO
0O 0000 000 0 00.00000 000 00O
00 000 00,00 000 00000 OoOoo O
0O 000 OO0 0000, 000 00O 0o 00 o
0,00 0000 000 000 000 0g,0 oo
00 dynamic stiffnessd O000 OO0 000 00O
0O 000 000 oood.

000 000 ooooo ooo ooo, 00 oo
0 00 000 O0O0O0D U0 ooo oo boo o
0 00 000000, o000 dynamic stiffnessO
0000 ODODODO 0000 000 oood oo o
00 000000 000 0000 bOoo ooooo
000 00 000 000 OO0, 000 ogoo o
00 00000 DO 000 ODO0O0O 000 ooo
00 000 000 000 00 ooo oooo oo
0 000 000 EDOD 000000 OOOO oo
0O 000 00 000 00 0 00,0 0o0o ooo
DO 00000 00 OO(ED)O, 0000 0000 O
00 00000 000 00 0000 IVRT, E/A OO
0O 000 00000, EDO 74.7+ 17.2 msec 58.9
+ 274 msec E/A<1 0, 0 000 OO0 (relaxa—
tion) OO0 OO OO0 ODOOOD 00000 oo
00 0000O(@e<0.05), EDO00 OO0OO0O OO0 O
00 000 OO0 000000 IVRTO 000 00O
00 000 O00(@<0.05), 000 00000 OOO
00 0000 000 000 oo ooo ooo oo
00 000 000 000 0000 00 ooooo

o0 obd 0b 0od bob 00db eE0d bog o
000 000 OO0 000. 00d A 00 goo
00 0Oooo0 O0gd@eoo.oes)d OO0 OOdoo
000.000 000 eA<100 0000 0O00d o
00 0000 00 00 o000 (relaxation) 0000
0000 A OO OO0 OO0 OO0 OO0 0o o
0,E/A00 EDO 00000 OOO OO OooOo d
o0 obg goood.

0 000 000 D000 (relaxation)d EOD OO0
DOO OO0 OO0 OO OO0 OoOb oboo oo
00 do0d.obd 0 0odboo oob oo IvRT
0 0d, EDO OO0 ODOO0O Oboo ooo oo
U 00 0bd oub bo0 0o oo obooo
000 Oooo. 0o AcRO EDO OO0 OO OO
000 O OO0 000 heart rate variabilityd OO
ED 000 OO0 000 D000 OO AcRO OOO
00 00 000 booboo ooooo oood eb
U 0ob 0b oboo 00bo obo bo,0bo b
000 OO0 0ooobo ooobo boobo boo oo
god 0o, oob booodo 0obo obo ogo
DOO 000 OO0 OO0 bOooboo bao oog o
00 OO0 Ooboo oboob oo, ooo ooo o
U0 0ood 0oub 0ob 0ob 0bo oo ogo
0 000,000 00 000 dp/dt O tauD 0 OODO
godd od oo ooo, bob oobg oo o
E/A 00O 1 0000 O00(relaxation) OO0 OO
000 0000 0D0b0o 0o0bo oo obooob b
U0 ool 0oob 0ob obo boob gog,
E/A 00 000 0000 0000 OO0 oo go
U0 oo boobo bob oodg, eb 0ogd ggo
00 0o0o obooo oboob oob oo ooo
godd 0odub 0ob 0b 0bo boo ooo go
0 0000 OO0bOOobDO obooo oooboo ooo
0 00 000 OO0 O 00 OoobO obo ooo o
god.

ko
2

WENEE
good 0bo 0obb 0ob bbo oboob b
00 00O, ooboooo ooobo ooboooo

917



000 00 000 000 000 oo ooo ooo
00. 000 ODOO0OD0 OO0 effective operating
chamber compliancell OOO0O0O OOOO OOO
00 000 0000 00 oboo, 000 ooogo
000 00 000 OO0 EDO OD OO0 OO0 oo
000 000 00ODO 000 0ooo, 0000 ooo
000 00 0000 000 000 00 o0oo oo
0000 0000, 0000 000 OoooO oooo
000 0000 00000 0ooooo boo ogo
EOD 000 00000 000 0000 00o00oO
ooo.

SR

000 0000 00000 0 oogooo ooo
0000 OO0 00D 000 OO0 OO0 0o oood
000 00 00 4500 00058.2+ 1250)0 O
000 0O00. 000 0000 oooo ooooo
000 EO, AO, E/A0, EOO0 0000 O OooO0,
000 000 000 0000@c00 EDO OO
OO0O00(VRT), ED 0000 (AcCE), DOO 0000
(AcD), 000 ROODO(ACR)D OO0 DOOO, O
00000 oo(ED)O ooooo.

2

1) E/A00 10 0000 0000 000 00oo
0 0O, EDO74.7+ 17.2 msecd 58.9+ 27.4 msecO
E/A1 000 0000 000 ((p<0.05).

2) EDO IVRTO 000 O0OO0OO0OO(rO-0.400,
p<0.01), AcRO OO0 O0O0OOO@rO0.414, p<0.01)
0O 0000, E/A O(@00.275, p00.068) O EAT,
EDTOO OO0 00000 O0O0.

3) 000 O0 0000 OO IVRT, AcR O EATO
EDO OO0 0000 OOd.

7z

000 000D 000 00 000 oooo ood
00 000 ED OO0 ODOOOOO DO OO OO0
0 00 000 000 00O 0O ooo O oog, o
00000 OO 000 000 000 oooog, EO
0O000, 000 O0oooo oo oo OooO 0o o
00 ooo.

ZM OO0D0O00 COO0OOD- 00D EQ OOO
000000 DO 00 000 00 O0.

918

REFERENCES

1) Klein AL, Tajik AJ. Doppler assessment of pulmonary
venous flow in healthy subjects and patients with heart
disease. J Am Soc Echocardiogr 1991,4:479-92.

2) Rakowski H, Appleton C, Chan KL, Dumesnil JG, Honos
G, Jue J, et al. Canadian Consensus Recommendations
for the Measurement and Reporting of Diastolic Dysfun-
ction by Echocardiography. J Am Soc Echocardiogr 1996;
9:736-60.

3) Thomas JD, Newwell JB, Choong CYP, Weyman AE.
Physical and physiological determinants of transmitral
velocity: Numerical analysis. Am J Physiol 1991,260:
HI1718-H30.

4) Thomas JD, Choong CYP, Flachskampf FA, Weyman AE.
Analysis of the early tranmitral Doppler velocity curve:
Effect of primary physiologic changes and compensatory
preload adjustment. J Am Coll Cardiol 1990,16:644-55.

5) Thomas JD, Weyman AE. Echocardiographic Doppler ev-
aluation of left ventricular diastolic function: Physics and
physiology. Circulation 1991,;84:977-90.

6) Little WC, Downes TR. Clinical Evaluation of Left Ventri-
cular Diastolic Performance. Prog Cardiovasc Dis 1990,
32:273-90.

7) Nishimura RA, Tajik AJ. Evaluation of Diastolic Filling of
Left Ventricle in Health and Disease: Doppler Echocardi-
ography Is the Clinician’s Rosetta Stone. J Am Coll Ca-
rdiol 1997;30:8-18.

8) Christopher PA, Liv KH. The Natural History of Lefi Ven-
tricular Filling Abnormalities: Assessment by Two-Dim-
ensional and Doppler Echocardiography. Echocardio-
graphy 1992;9:437-57.

9) Ishida Y, Meisner JS, Tjujioka K, Gallo JI, Joran C, Frater
RWM, et al. Left ventricular filling dynamics: Influence
of left ventricular relaxation and left atrial pressure. Ci-
reulation 1986,74:187-96.

10) Cheng CP, Freeman GL, Santamore WP, Constantinescu
MS, Little WC. Effect of loading conditions, contractile
state, and heart rate on early diastolic left ventricular fil-
ling in conscious dogs. Cir Res 1990;66:814-23.

11) Yellin EL, Nikolic S, Frater RWM. Left ventricular filling
dynamics and diastolic function. Prog Cardiovasc Dis
1990;32:247-71.

12) Yamamoto K, Masuyama T, Tanouchi J, Uematsu M, Doi
Y, Naito J, et al. Importance of left ventricular minimal
pressure as a determinant of transmitral flow velocity pa-
ttern in the presence of left ventricular systolic dysfu-
nction. J Am Coll Cardiol 1993;21:662-72.

13) Choong CYP. Left Ventricle V: Diastolic function-Its Prin-
ciples and Evaluation. In: Weyman AE editor. Principles
and Practice of Echocardiography. 2nd ed. Pennsylvania:
Lea & Febiger;1994. p.721-80.

14) Ohno M, Cheng CP, Little WC. Mechanism of Altered Pa-
tterns of Lefi Ventricular Filling During the Development
of Congestive Heart Failure. Circulation 1994,89:2241-50.

15) Templeton GH, Donald TC III, Mitchell JH, Hefner LL.
Dynamic stiffness of papillary muscle during contraction
and relaxation. Am J Physiol 1973;224:692-8.

16) Templeton GH, Ecker RR, Mitchell JH. Lefi ventricular
stiffness during diastole and systole: The influence of chan-
ges in volume and inotropic state. Cardiovasc Res 1972;
6:95-100.

Korean Circulation J 1999;29(9):913-918



