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Echocardiographic Indices Associated with Left Ventricular End-Diastolic Pressure
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ABSTRACT

Background and Objectives[] It has been suggested that the indices based on tissue doppler and color M-mode
echocardiography reflect the left ventricular end-diastolic pressure. These include the early diastolic transmitral
velocity (E) to early myocardial velocity ratio measured by tissue doppler (E”) and the E to the wave propagation
velocity (Vp) ratio measured from color M-mode images. However, these indices have not been well validated in
congestive heart failure patients. Subjects and Methods[] Thirty one congestive heart failure patients who unde-
rwent simultaneous cardiac catheterization and echocardiography, and had normal sinus rhythm were enrolled in
this study. The left ventricular end-diastolic pressure obtained from the left heart catheterization was compared
with the diastolic indices using pulsed doppler, tissue doppler and color M-mode echocardiography. Results]

The left ventricular end-diastolic pressure (LVEDP) ranged from 3.3 to 23 mmHg. Some parameters showed a
significant correlation with the LVEDP. The propagation velocity showed a significant correlation with the LV-
EDP (r0 —0.382, pJ 0.034), and the E to propagation velocity ratio (E/Vp) showed a good correlation with the
LVEDP (0 0.408, p[J 0.023). In addition, the E to early diastolic velocity of the mitral annulus (E”) ratio had an
insignificant correlation with the LVEDP (r0J 0.322, pd 0.078). Among the patients with ischemic congestive
heart failure, the E to the propagation velocity ratio (E/Vp) showed a marginal correlation with the LVEDP (0

0.461, pJ 0.047). Conclusion[ In patients with congestive heart failure, the Vp and E/Vp showed a good correl-
ation with the LVEDP. In the subgroup of patients with ischemic congestive heart failure, only the E/Vp showed
a significant correlation with the LVEDP. (Korean Circulation J 2002532 (10):872-877)

KEY WORDS[J Ventricular pressure[] Echocardiographic, doppler, color[] Mitral valvel] Blood flow velocity.

N 2 00 0000 00 00 000000 000 000

0.000 OO0 000 00000 000 0000

000 000000 00 000 000 000 0 0000 000 00 0000.00 00000 00
0 00000 000 000 000000 00000

oooooo2o0020 S0 270 00000 000 0000.00 000 000000
0000000020020 80 130
00OOOO20020 80 310 000 00 000 0OO00O0()D 00 0000 O

O00o00odoog, 140-743 00 OO0 OO0 es5700 0 (E’)l:l 000 OO0 O0Oooooo ooo ooa
000000 OooOo ooooo 1-3) _

000(02) 709-9191- 00O (02) 709—9554 ooooo ooo o oo 00 M-model] OO
E—mailC arrow123@hanmail.net 0 00 000 000 00 oooovp)d 00 00

872



0 00000®Y 000 0000 00000 0 00
00 00 000 00 0000 000 000 000
0 00 OO0 00000 00 0000.00 000
000000 0000 00 0000 0000 0O
00000 00000,

R

dobd bdo Oooo obo booo ooa. d
00 0odo bodo boo 31000 0o ooo e2
+ 1100 000 150, 000 1e000d0.

gooooo obooo oooo ooo oood
000 3300 23 mmHg, 00 13.2 mmHg(Mean
+ SDO13.2+ 59 mmHg)d O00O000. 00000
0 0000 00O ooo oogode), oo ogo o
0oo¢A), 00 000D OO0(E), 00 D000 O
O(A), 000 00 00O(T), 00 000 D00 O
0 0D0ODO(vp) 0D 00000.

3100 000 OO0 boooo 190, ood oo
0000 oo ed, OO0 ODOOO 30(@UOooO O
00 20,0000 000000 10), 0o 3o@o
0000 10,000 20)000. 000 oooooo
0 0bdo 0oob 500 oo bobooo bo o
0000 Oooo OO0 bobobobo obooo oo
go0 00 oob booooo bobdoo. bo 14
00 OO0 boboooboo obooboo 30400
00 100,2 00000 20,1 00000 200004,
good 0bobdb 0bdbo bo Db ooboobo
0 000Odoooo boboobo oo obobo ooo
00 20,000 1000 00 oooo oo o od
o0 odo. oo obobo eFO ODOOO oooo
0 0000 OO0 ooobo ooo ooooo (Polyg-
raph, Siemens, 1993). 0000 0000 0000 O
00 00000 00O ooboo oo boo ooo
goddo. bobdd D0b obobo oo bob o
OODO(E), 00 D00 DOOO0O@A)OD 0000 O
000 Ooooo ooooodrg. 1), 00 oooo o
O(E), 00 D000 0OO0@A)O 00 000 00
OO(TDE)D 000D DOODO(Fg. 2). 0, 00 O
g0 boobd 0oboo 0o oobo oooo o

000 0000 0O00O00.00, 00 000 00O
00 0000(Vp)D 00 M—mode 000 0000
0 0D0O00O0(Fig. 3). 0, 000 0000 OO0 M—
mode OOOO OO 00 000 OO(E) 00 OO
0 50% 000 0000 000 0000 000 O
oooo®

g

OO0 OO0 SPSS OO OOOO(Systat 10.00
SPSS IncO Chicago, lllinois)d OOOO OOO0O0O.
00 0000 pOO o0O5000 OOOO ooO O
0O 0o0oooo.

Table 1. Correlation between echocardiographic para-
meters and LVEDP

Index Mean Regression coefficient p
E (cm/s) 71.7+ 21.1 0.111 NS
A(cm/s)  81.5+ 26.0 -0.276 NS
E/A 0.9+ 0.3 —0.203 NS
DT (ms)  238.9+ 52.0 —-0.180 NS
Vp (cm/s) 42.0+ 18.8 —-0.382 0.034
E' (cm/s) 54+ 1.9 —0.051 NS
E/E’ 143+ 5.5 0.322 0.078
E/Vp 2.1+ 0.9 0.408 0.023

Al late transmitral filling velocity, DTO deceleration time
of early transmitral velocity wave, EO early transmitral fill-
ing velocity, E'0 early diastolic tissue velocity at septal mi-
tral annulus, LVEDPO left ventricular end-diastolic pressure,
Vp0O color M-mode early diastolic propagation velocity

\
e

—

Fig. 1. Transmitral flow parameter, EO early transmitral fil-
ling velocity, A late transmitral filling velocity

Transmitral flow parameter : E, A
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Mitral annulus parameter (TDE): E', A'

Fig. 2. Pulsed wave tissue doppler at septal mifral ann-
ulus. E' & A'0 early and late diastolic tissue velocity at se-
ptal mitral annulus

Propagation Velocity (color M-mode) : Vp
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Fig. 3. Representative color M-mode image demonstrat-
ing Vp determination. Flow propagation velocity was de-
rived in a fashion in which the values of each pixel were
decoded and the slope of the isovelocity contour at 50%
of the maximum E-wave velocity was determined.
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Fig. 5. Relationship between LVEDP and E/E’. Linear reg-
ression analysis demonstrating the relationship between
LVEDP and E/E'.
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Fig. 6. Relationship between LVEDP and Vp. Linear regr-
ession analysis demonstrating the relationship between
LVEDP and Vp. LVEDPO left ventricular and diastolic pre-
ssure
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Correlation between E/Vp and LVEDP
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Fig. 4. Relationship between LVEDP and E/Vp. Linear re-
gression analysis demonstrating the relationship between
LVEDP and E/Vp. LVEDPO left ventricular and diastolic pr-
essure
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Fig. 7. Relationship between LVEDP and E/Vp in ische-
mic dilated cardiomyopathy. Linear regression analy-
sis demons-strating the relationship between LVEDP and
E/Vp. LVEDPO left ventricular and diastolic pressure

0.382, p00.034), 00 OO0 OOOO(E)D OO
000 000 00 0000(Vp)DO 000 000
0000 000 00 00000 00000408, pO
0023), 00 000 0DO00O0(F)D 00 0000 O
O(E)00 000 00 00 000 0000 000
000 0000 0DO00(@00.322, p00.078). OO0

Korean Circulation J 2002;32(10)-872-877



gobdnb 000 boo boob ooob ooo
00 Fig.4-60 O0O.

U0 0dd bo0o 0Dbo 0obo oobooo g
00 0oOoooo 10000 oo obobo ood
00 000 000 O0bo oooo obooo oo
god. 000 ooob oo boob boo sboo
0 00 0ObOoo Oob boobo oobo oo oo
gooood, 1400 000 boboooo oboo
odo 30o0odo 100,200000 240,100
ooo0 20000. 000 booo boobo ooo
goo0d obd bobd 0b0bo bobob oobo
00 OO0 000 000 OO Oogo(lvp)o 0OD
0000 000 000 DO0ooo oogg(ro-o.07,
p00.775), 00 OO0 OOOO(E)D OO0 OO0 O
00 00O oDooodvp)dd 000 O0oo ogoo
000 000 OO ooooo oood@bodel, po
0.047, Fig. 7), 00 OO0 DO(E)D OO 0OOO
00(E)OoO 000 000 oooo ooo oo o
0000 OOOO ooooOD bOoD DOO(@roo.425,
p00.07).

n

000 000000 00 000 000 000 O
0 0 0000 OO0 00 000000 000 000
0.000 00 0000000 000 00000 O
00 0000 0000 000 0000 00000 O
000 000 000 OO0 000 00 00.00 O
000 00 00 0000 00 00000 000 O
0000 000 0000 000 000000 00O
00 00000 00000,0 00 00 000 0O
0 00 00 00(vp), 00 000 00000 0O
000 000 00 000000 O0@ENp)D 00
0 000000 000 0 00000,00 000 O
0000 00 D000 0000 OO(E/FE)D 00O
000000 000 0 00 000 0oo0o.

00 000 00000 000 00 00®0 oo
00 000 0O000()D 000 000 0 000
00000 000 00 00 0000 OO(@E)D O
00 0000, 000 00 000 000 0000 O

00 000 OO0 0000 O0@)0 0000 0O
000 000 00000 000 00 000 000
00 000 00 00000 00 000 00000
00 000 000 000 00000 0000 00
000 0000 00.000 00 000 000 0O
00 000 000 0000 000 0 000 000
000 0 000 OO0 000 000 00 00 OO0
oo oo.®”

Nagueh 0Y0 00 00O 000000 000 O
0 0000 000 000 00000 000 000
0 000 000000 O 000 0000 00 00
0 00000 00 0000 0000 00(E/E)D
000 000000 O 00000 00000, 00
00 000 0000 O 000002 00 000 O
0000 OO0 O00O0 0000 OO(E/FE)D 00O
000000 0 00000 00000.00 0000
0 00 0000 0000 000 000000 00
000 O0O00OO0 OO0 0000 0000 OOER)
00 0000 000 00 00000 00 0000
00000 0000 000 0000 ooooo?
Nagueh 00 E/E'000 11, Sudereswaran 020
E/E 000 1050 000 OO0 18 mmHgD OO
0000 0000 00000 EE 000 1580 O
00 00000 18 mmHgD 0000 00000 O
0000 00 000 000O.

00 00 0000 0 0000 00 0000 00
(A)O 000 000000 00 00000 000
0090 0000 00000 0000 O0oOo.

000 000 0000 0 0000 00 000 0
00 00 000O0(Vp)D 000 0000 OO0. Brun
00 00 0000 00 000 000 00 0000
(vp)O OO(tau)D0 OO 00000 0O 00O
0 00. Firstenberg 020 0000 0000 O
0000 00 000 0000(E), 00 0000 O
O(F), 000 00 000 00000 00 000 O
00 00 000000 OO0(ENp)D 00 000 O
00000 0000 0 000 00 00 000 00
000 OO0 000 000 00 000000 000
000 000000 O 00000 OO0 00000.
Garcia 00 00000 OO0 000 0OO0O O

875



00 000000 00 000 0000, 000 00
000 00000 O0(E/A)D 00 00 00000
000 00 000 000 00 0000(vp)do O
0 00000 000,00 0000 000 000 O
0 OO0 00000 00 000 000 00 00
0000 OO(ENp)D 000 000000 00 O
0000 000 00000.00 0000000 O
00 D000 0O 00000 00 000 00000
00 000 000 00 000000 0O0ENp)D
000 000000 O 0000 000 0000, 0
000000 000 OO 000 000000 000
00000 000 000 0000 000 0000
000 DO0O0O00 000 000000 0000 O
00 0O 000 00D00o.® 0000 o0oooo
0 00 000 000 OO0 00000 000 000
000 00 00000 0000, 00 000 000
00 000 000 00 000000 0O0ENp)D
000 DO0OO0O0 00 0 0000 000 00 0
00 00000.000 00000 18 mmHgD 0O
00 000 Garcia 0%0 E/AVpO2.60, Ueno 00
E/Vpd200 00000 0000 0000000 24
0 000 00000 18 mmHgD 0000 00O O
00 00000 0000 000 00 0000 00
0 00000 0000.

00 Garcia 0”0 OO0 OO0 00O 0O00OO
ODO0(E/A)D 000 000000 00 00000 O
00 000 000000 0000 0000000 O
00 00 OO0 0DO00. 00 Temporelli 020
000 000O0(@TO 000 000000 00 O
000 D000 000000 0000 00000 O
00 000O0(@MOO00 000 0000000 00
0 OO0 000 0000 000.

00,000 OO0 000 000 00 000 O
000 000 0DO0000 00 000 0000 00
00 00000 00 000 00000 00 000
000 00 000O0(Vvp)DO OO(ENp)D 000
0000 000 000 0O D000 000 000 O
0000 00000 0O00.

0 OO0 000000 D000 00 00 00 O
00 00 000 0000 0000 0,000 OO0
00 0 00 0000 000 cut—off 00 0O OO

876

uooo oo 0 0 o0 oo obo boooo o
ooo.

gooob 000 o000 ooooo oog oo
oo ooooo oo boo ooo oo booo
(vp), 0O OO0 O0O0OO0O OO OO0 OO0 O
O 000000 0oE/vph 000 oooood
ooo 0 ooob ooo oobob. oo, boo
uoodoo oo ooo boobo oo ooo go
OO0 OO OC0O DoDO oo oooboo Do0-
vp)O OO0 0000 000 00 O 0ooo 0o
U obboo oboboo obooo boooo.

[o] o] 3
1 =

By % 2N ;
000 DO0000 00 000 0000 0000

000 00 0000. 00 00000 000 000

00 000 000 000000 00000 0000

000 0000 00 000 000000 0000

0000 D000 00 00000 00000,

¥ H:

0000 000 000 00 310(00 150, 00
160, 00 62+ 110)0 0000 00000 000
000 0000 00(MinD 33, MaxO 23, Meant
SD013.2+ 5.9 mmHg)d 00000, 00000 O
000 D00 0000 00 00000. 00 000
DD0O(E), 00 0000 0O0(E)D 00 000
0D0DO(TDE)D 0000 00000, 00 000 O
00 00 D0O0OO0(vp)D OMO 000 00000
ooooo.

2 1

00000 0000 0000 000 000000
0000 vpO 00 000 00000 00 000 O
00 00 000000 0DO0(ENVPD 000 000
000 000 0 0000 000 000. 00, 00
0 000 00000 EAVpO DOO 0000 000
00 0 0000 000 D000 00000 000
00 00Ooo.

ZA OO0 000000000 DDOOODOOOOD
ooo.

Korean Circulation J 2002;32(10)-872-877



REFERENCES

1) Nagueh SF, Middleton KJ, Kopelen HA, Zoghbi WA,

2

3

4

5

6

=

N

ol

N3

N3

Quinones MA. Doppler tissue imaging: a noninvasive tech-
nique for evaluation of lefi ventricular relaxation and esti-
mation of filling pressures. J Am Coll Cardiol 199730
1527-33.

Nagueh SF, Mikati I, Kopelen HA, Middleton KJ, Quino-
nes MA, Zoghbi WA. Doppler estimation of left ventricular
filling pressure in sinus tachycardia’ a new application of
tissue doppler imaging. Circulation 1998:98:1644-50.
Firstenberg MS, Levine BD, Garcia MJ, Greenberg NL,
Cardon L, Morehead AJ, Zuckerman J, Thomas JD. Relati-
onship of echocardiographic indices to pulmonary capillary
wedge pressures in healthy volunteers. J Am Coll Cardiol
2000,36:1664-9.

Garcia MJ, Ares MA, Asher C, Rodriguez L, Vandervoort P,
Thomas JD. An index of early left ventricular filling that
combined with pulsed Doppler peak E velocity may estim-
ate capillary wedge pressure. J Am Coll Cardiol 1997:29:
448-54.

Choong CY, Abascal VM, Thomas JD, Guerrero JL, McG-
lew S, Weyman AE. Combined influence of ventricular loa-
ding and relaxation on the transmitral flow velocity profile
in dogs measured by Doppler echocardiography. Circulation
1988,78:672-83.

Sohn DW, Chai IH, Lee DJ, Kim HC, Kim HS, Oh BH,
Lee MM, Park YB, Choi YS, Seo JD, Lee YW. Assessment
of mitral annulus velocity by Doppler tissue imaging in the
evaluation of left ventricular diastolic function. J Am Coll

7

8

9

10

11

12

=

=z

=

=

=

=

Cardiol 1997;30:474-80.

Yalcin F, Kaftan A, Muderrisoglu H, Korkmaz ME, Flac-
hskampf F, Garcia M, Thomas JD. Is Doppler tissue veloc-
ity during early left ventricular filling preload independent?
Heart 200287 :336-9.

Sundereswaran L, Nagueh S, Vardan S, Middleton KJ, Zo-
ghbi WA, Quinones MA, Torre-Amione G. Estimation of
left and right ventricular filling pressures after heart trans-
plantation by tissue Doppler imaging. Am J Cardiol 1998,
82:352-7.

Nagueh SF, Sun H, Kopelen HA, Middleton KJ, Khoury
DS. Hemodynamic determinants of the mitral annulus dias-
tolic velocities by tissue Doppler. J Am Coll Cardiol 2001 ;
37:278-85.

Brun P, Tribouilloy C, Duval AM, Iserin L, Meguira A,
Pelle G, Dubois-Rande JL. Left ventricular flow propagation
during early filling is related to wall relaxation: a color M-
mode Doppler analysis. J Am Coll Cardiol 1992:20:420-32.
Ueno Y, Nakamura Y, Kinoshita M, Fujita T, Sakamoto T,
Okamura H. Noninvasive estimation of pulmonary capillary
wedge pressure by color m-mode Doppler echocardiography
in patients with acute myocardial infarction. Echocardiogr-
aphy 2002:19:95-102.

Temporelli PL, Scapellato F, Corra U, Eleuteri E, Firstenberg
MS, Thomas JD, Giannuzzi P. Chronic mitral regurgitation
and Doppler estimation of left ventricular filling pressures in
patients with heart failure. J Am Soc Echocardiogr 2001
14:1094-9.

877



