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Relationship between Doppler Echocardiographic Findings
and the Incidence of Heart Failure in Patients
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Abstract

Mitral annular velocity in early diastole (E’) gradu-
ally decreases following exacerbation of left ventricu-
lar (LV) diastolic dysfunction. Patients with an E’ <
5cm/s may have LV diastolic dysfunction similar to
those with the ratio of the mitral E velocity to E’
(E/E’)>15. An E/A>1 obtained by Doppler evalua-
tion of transmitral inflow is considered to indicate
greater LV diastolic dysfunction, if E’ is low. This
study was designed to investigate whether echocar-
diographic Doppler studies predict the development
of heart failure (HF). The present study group com-
prised 159 subjects of 2040 underwent echocardio-
graphic studies who had an E’ <5cm/s, normal sys-
tolic function and sinus rhythm. Subjects were di-
vided into 2 groups based on whether they had evi-
dence of heart failure during 18 months follow-up (HF
group and non-HF group). Eleven percent of the
subjects were in HF group. ‘Twenty five percent of
the subjects with an E/E’ > 15 were in HF group, as
were 32% of those with an E/A>1. Furthermore,
subjects with an E/E’ > 15 and an E/A>1 had a
higher incidence (5 of 11 patients, 45%) of heart fail-
ure. Tissue Doppler and pulse Doppler studies may
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provide useful information about whether patients
with preserved LV systolic function are susceptible to
developing heart failure in the elderies.
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Introduction

Epidemiologic studies have revealed that left ven-
tricular (LV) systolic function is preserved or mini-
mally impaired in 40% of patients with heart failure

patients' ™.

This type of heart failure is mainly due
to diastolic dysfunction and is termed diastolic heart
failure”.  Doppler echocardiographic studies and
tissue Doppler imaging are noninvasive techniques
for evaluating LV function. It is already known that
an E/A ratio[ratio of the peak velocity of early dia-
stolic filling (E) to that of atrial filling (A) ] less than 1
indicates LV abnormal relaxation. Furthermore, as
LV relaxation worsens, the E/A ratio becomes greater
than 1, and pseudonormalization occurs”. Early
diastolic myocardial velocity (E’) on tissue Doppler

57 and is rela-

imaging reflects myocardial relaxation
tively load-independent”. E’ derived from the mo-
tion velocity of the LV posterior wall is closely related
to the time constant of relaxation” and gradually de-
creases following worsening of LV relaxation?.
Wang et al® reported that when the E’ is <5cm/s,

the hazard ratio for cardiac death is significantly in-
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creased compared to patients with an E’>5cm/s. In
addition, the ratio of E to E’(E/E’) correlates well
with the mean LV diastolic pressure, and an E/E’>15
identifies patients with an increased mean LV diastolic
pressure'”. This study was designed to investigate
whether echocardiographic Doppler studies predict
the development of heart failure (HF) in patients with

an E’<<5c¢m/s and preserved LV systolic function.
Methods

A. Subject selection

Of 2040 subjects underwent echocardiographic
studies, 165 subjects who satisfied following the crite-
ria were recruited in this study: (1)E’<5cm/s ob-
tained in the lateral mitral annulus; (2)LV ejection
fraction =>50%; (3)sinus rhythm; (4)free from val-
vular heart disease, severe mitral annular calcifica-
tions and constrictive pericarditis; (5)asymptomatic
or had well-controlled heart failure New York Heart
Association functional class grade I or II). They
were followed for 18 months, however, 3 subjects who
underwent heart surgery (ie, coronary artery bypass
grafting) or percutaneous coronary intervention and 3
subjects who had their medications changed during
the follow-up period were excluded. We divided the
remaining 159 patients[60 men, 99 women; age
(mean=+SD), 73+9 years] into 2 groups based on
whether they had evidence of heart failure during
follow-up (HF group and non-HF group). We ex-
plained the details of the study to all the patients and
they gave informed consent.
B. Echocardiography

Echocardiography was performed using an ultra-
sonic sector scanner with 2.5-MHz transducers be-
fore the study entry. Standard parasternal long- and
short-axis views and apical 2- and 4-chamber views
were obtained in all of the patients. The left atrial
dimension was measured on the M-mode echocardio-
gram derived from the 2-dimensional images. The
LV ejection fraction was calculated by the modified
Simpson’s method. The LV filling velocities were
recorded with pulse Doppler echocardiography by an
apical approach. The sample volume was set at the
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level of the mitral leaflet tip in diastole. The peak
velocity of early diastolic filling (E) and atrial filling
(A) and their ratio (E/A) were determined. Doppler
tissue imaging of the mitral annulus was acquired
from the apical 4-chamber view, using a sample vol-
ume placed in the lateral mitral valve annulus. The
peak velocities at early diastole (E’) were measured
and the ratio of E to E’(E/E’) were calculated. The
measurements were performed at end-expiration.
C. Outcome evaluations

The development or exacerbation of heart failure
was defined as developing effort intolerance and
dyspnea, especially in combination with venous con-
gestion and pulmonary edema.
D. Statistical analysis

Data are expressed as mean=SD. Comparisons
between 2 groups were performed by a 2-way
ANOVA and post hoc testing. Categorical variables
were compared using the chi-square test or the
Probability
values of less than 0.05 were considered significant.

Fisher exact test, when appropriate.

Results

Seventeen subjects (11%) developed heart failure
during the follow-up period(group HF) (Table 1).
They were significantly older than subjects who were
free of any evidence of heart failure (non-HF group) .
Patients with hypertrophic cardiomyopathy or chronic
kidney disease, a medical history of heart failure were
more frequent in HF group subjects than in non-HF
group.
tween 2 groups in the prevalence of hypertension

No statistically significant differences be-

with or without hypertrophy, or coronary artery dis-
ease. Subjects in group HF had significantly higher
use of diuretics than those in group non-HE Rates
of use of angiotensin-converting enzyme inhibitors or
angiotensine II receptor blockers and p-blockers
were similar between the 2 groups. There were no
significant differences between the 2 groups in
systoric or diastolic blood pressure or body weight
(Table 2).

On the echocardiographic examinations in the HF
subjects, LV mass index was significantly (p < 0.05)
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Table 1 Clinical characteristics and medication
of the heart failure and non-heart failure

groups
HF Non-HF
=17 fo=1dy) PYARe

Age (years) 79+6 72+9 <0.05
Male gender 9(53%) 51(36%) NS
HT with LVH 9(53%) 52(37%) NS
HT without LVH 0(0%) 18(13%) NS
CAD 2(12%) 30(21%) NS
HCM 5(29%) 9(6%) <0.01
CKD 6(35%)  20(14%) <0.05
History of HF 6(35%)  8(6%) <0.005
Arrhythmia 0(0%) 11(8%) NS
ECG abnormalities 1(6%) 8(6%) NS
Free from CD 000%)  14(10%) NS
Medications

ACEI or ARB 13(76%) 93 (65%) NS

S -blocker 4(24%)  29(20%) NS

Diuretics 9(53%) 11(8%)  <0.0001
No medication 2(12%)  39(27%) NS

HT, hypertension; LVH, left ventricular hypertrophy;
CAD, coronary artery disease; HCM, hypertrophic
cardiomyopathy; CKD, chronic kidney disease;

HF, heart failure; ECG, electrocardiogram; CD, cardiac
disease; ACEI, angiotensin-converting enzyme inhibi-
tor; ARB, angiotensin II receptor blocker.

Table 2 Hemodynamics and Doppler-echocardio-
graphic data in the heart failure and
non-heart failure groups

HF Non-HF

=17  (a=14z) PValue
SBP (mmHg) 131+18 133+10 NS
DBP (mmHg) 79+10 79+6 NS
Body weight (kg) 53+9 54+9 NS
LAD (mm) 41+5 40*6 NS
LVDd (mm) 42+8 43-+6 NS
LVMI (g/m?) 152+52 124 +33 <0.05
LVEF (%) 67+13 68+8 NS
E’ (cm/s) 4.0+0.8 4.6£0.7 <0.01
E/E 19+7 13+6 <0.05
E/A 0.96+0.35 0.70+0.25 <0.05

SBP, systolic blood pressure; DBP, diastolic blood
pressure; LAD, left artial dimension; LVDd, left ventri-
cular end-diastolic dimension; LVMI, left ventricular
mass index; LVEF, left ventricular ejection fraction;

E, early diastolic transmitral inflow velocity; E’, early
diastolic mitral annular velocity; E/A, ratio of early to
late transmitral inflow velocity.

Table 3 Tissue Doppler and pulse Doppler find-
ings in the heart failure and non-heart
failure groups

Patients HEe IRENFLIN

(n=17) (n=142)

E/E’<8 18 0(0%) 18 (100%)
8<E/E’ <15 97 6(6%) 91 (94%)
E/E'>15 44 11(25%)  33(75%)
E/A<1 140 11(8%) 129 (92%)
E/A>1 19 6(32%) 13 (68%)

larger, E’ was significantly (p<0.01) lower, and E/E’
and E/A were significantly (p<<0.05) higher than in
the non-HF group. No statistically significant differ-
ences in LA or LV dimension or LV ejection fraction
were found between the 2 groups. With respect to
the pulse Doppler and tissue Doppler findings (Table
3), patients with an E/E’ < 8 were free of heart fail-
ure. Patients with an E/E’ > 15 developed heart
failure more frequently than in patients with 8<<E/E’
<15(p<0.005) or patients with an E/E’ < 8(p<
0.05). Patients with an E/A>1 developed heart
failure more frequently than those with an E/A < 1(p
<0.01). When combining the results of E/E’ with
those of E/A (Fig. 1), patients with an E/E’ = 15 and
an E/A > 1 had a significantly higher incidence (5 of 11
patients, 45%) of heart failure than with showing 8
<E/E’<15 and an E/A < 1(p<0.001) or those with
an E/E’ < 8andan E/A < 1.

Discussion

Of patients with an E’ < 5cm on tissue Doppler
imaging, even those with normal LV systolic function,
11% developed heart failure within 18 months. In
the patients with an E’ < 5¢cm and an E/E’ > 15 or an
E/A>1, the incidence of heart failure was approxi-
mately 2- or 3-fold higher than in other subjects, re-
spectively. Furthermore, in patients with an E’ <
5cm, an E/E’ > 15 and an E/A>1, the incidence of
heart failure was approximately 4-fold higher than in
other subjects. It is believed that E’ is positively
correlated with LV relaxation®” and E/E’ is positively
correlated with LV filling pressure'”. In the setting
of a reduced E’, patients with an E/E’ > 15 are be-

lieve to have reduced LV myocardial relaxation and

Presented by Medical*Online



E/E'<8,E/A<1

E/E'S8,E/A>1 0/0(0%)

Doppler Echocardiographic Findings in Heart Failure

0/18(0%)

123

8<E/E'<15, E/A<1|

4/88(5%)

]

L

8<E/E'<15, E/A>1

B

. 2/9(22%)

E/E' 215, E/A<1

E/E'215, E/A>1

[T HF (+)

6/33 (18%) [JHF(—)

0 20

l 5/11(45%)
i

T T T 1 (n)
40 60 80 100

Figure 1 Combination of the results of E/E’ ratio with E/A ratio.

elevated LV filling pressures. In this condition, pa-
tients with an E/A>1, which is considered to repre-
sent a pseudonormalization pattern, are believed to
have markedly reduced LV myocardial relaxation.
Consequently, we demonstrated that it is possible to
determine the incidence of heart failure in patients
with LV diastolic dysfunction based on the combina-
tion of tissue Doppler and pulse Doppler findings.
Because the incidence of diastolic heart failure in-
creases as the patients grow older>?, the incidence of
diastolic heart failure will increase in the future.
A. Measurement of E’ on tissue Doppler echo-
cardiography

The E’ wave on tissue Doppler imaging generally is
measured in the septal or/and lateral mitral annular
region from the apical approach. Peverill et al'V
reported that E’ is not only of different magnitudes at
the septal and lateral sites, but is not closely corre-
lated.

septal velocity for E’.

Generally, the lateral velocity exceeds the
The septal mitral annulus is
influenced by the tricuspid and aortic annulus because
it is connected to them by collagen fibers and is influ-
enced by the right ventricle. Therefore, in the pre-
sent study, we used the lateral annular velocity.
B. Limitations of tissue Doppler and pulse Dop-
pler study

It is impossible to estimate the LV diastolic function

accurately in patients with valvular heart disease'? or

13~

constrictive pericarditis®~® because these disorders

influence transmitral flow and mitral annular velocity.

Patients with atrial fibrillation were excluded in the
present study because of a lack of a transmitral A-
It is reported that the mean E’ and E/E’ in

atrial fibrillation, similar to sinus rhythm, correlate

wave.

with LV relaxation and LV filling pressure, respec-

tively.'® Therefore, we believe that tissue Doppler
or pulse Doppler studies may be applied to patients
with atrial fibrillation to estimate the LV diastolic

function.
Conclusions

Patients with an E/E’ = 15 and E/A>1 had a sig-
nificantly higher incidence (5 of 11 patients, 45%) of
heart failure. Tissue Doppler and pulse Doppler

studies provide useful information concerning
whether patients are susceptible to the development
of heart failure, even if their LV systolic function is

not impaired.
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