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ABSTRACT
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Background and Objectives: The cut-off value of diastolic dysfunction by tissue Doppler imaging (TDI) is affected by ag-
ing and modalities used (pulsed-wave vs. color-coded). The purpose of this study was to investigate the diastolic function of
healthy elderly people and to determine the appropriate cut-oft value of diastolic dysfunction in elderly individuals. Sub-
jects and Methods: Healthy volunteers (n=76) and patients with hypertension (n=51) aged >70 years underwent 2-dimen-
sional and Doppler echocardiography. Mitral annulus velocities of TDI were measured at septal and lateral sites using the
pulsed-wave and color-coded modalities. The appropriate cut-off value of diastolic dysfunction for healthy elderly individu-
als was defined as the lower limit of the 95% confidence interval for early diastolic mitral annulus velocity (Ea). Results: The
mean septal and lateral Ea were 6.521.5 and 8.3+1.7 cm/s, respectively, by pulsed-wave TDI, and 6.1£1.4 and 7.9£1.7 cm/s,
respectively, by color-coded TDI. The cut-oft values for diastolic dysfunction were as follows: septal and lateral Ea were 6.1
and 7.9 cm/s by pulsed-wave TDI, and 5.7 and 7.5 cm/s by color-coded TDI, respectively. When the group was stratified by gen-
der, Ea was significantly lower in women than men. Conclusion: When interpreting diastolic function as measured by TDI
in elderly subjects, different cut-oft values should be considered based on the TDI modality;, annulus site, and gender. (Korean
Circ J 2011;41:137-142)
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Introduction

It is important to assess diastolic function in the elderly popu-
lation because diastolic dysfunction is responsible for heart
failure, especially heart failure with preserved left ventricular
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ejection fraction.”

The differentiation of pathologic diastolic dysfunction is
more difficult in the context of the physiologically decreased
diastolic function in elderly subjects because impairment of
left ventricular diastolic function is related to the normal ag-
ing process as well as pathologic disorders.® Hence, appropri-
ate cut-off values of diastolic function in the elderly population
are needed to discriminate normal healthy diastolic function
from true pathologic diastolic dysfunction.

Although there are many reports suggesting a reference
range for tissue Doppler imaging (TDI) velocities of the mi-
tral annulus, the difference between pulsed and color tissue
Doppler-derived velocities for the mitral annulus has not been
systematically investigated. By measuring both pulsed-wave
and color-coded TDI in the same individual, we evaluated the
difference in left ventricular mitral annulus velocity between
the two TDI modalities.
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Subjects and Methods

Subjects

We prospectively enrolled healthy elderly subjects and pa-
tients with hypertension who were all aged >70 years. The he-
althy subjects were recruited from volunteers among relatives
of hospital personnel or referrals for consultation in preop-
erative evaluation. Inclusion criteria were the presence of nor-
mal findings on 2-dimensional echocardiography for cardiac
chamber dimension, left ventricular wall thickness, left ven-
tricular ejection fraction, and left ventricular wall motion. The
presence of hypertension, known congestive heart failure or
symptoms, diabetes mellitus, coronary artery disease, cardiac
arrhythmia, valvular heart disease, and obesity were exclu-
sion criteria for healthy subjects. Fifty-one patients who had
an evidence of hypertrophy by electrocardiography while tak-
ing concomitant anti-hypertension medication were enrolled
in the hypertension group.

Systemic blood pressure, heart rate, height and weight were
measured at the time of echocardiographic examination. A
12-lead electrocardiogram was obtained for each subject be-
fore or at the time of echocardiographic examination to ex-
clude arrhythmia and to detect ST-segment changes, Q waves,
or abnormal T waves that represent ischemic heart disease.
Informed consent was obtained from each subject.

Echocardiography

Echocardiography was performed by one experienced in-
vestigator using a Hewlett-Packard Sonos 7500 (Hewlett Pa-
ckard, Palo Alto, CA, USA) and IE 33 ultrasound system with
a 2.5-MHz transducer. The investigator was blinded to the
subjects’ clinical information, including blood pressure.

Left ventricular ejection fraction was estimated by the quan-
titative biplane Simpson’s method.” Left ventricular mass and
left atrial volume were calculated from M-mode and 2-dimen-
sional measurements, respectively, as previously described.'”
Left ventricular internal dimension, interventricular septum,
and posterior wall thickness were measured in end-diastole
and end-systole according to the recommendations of the Am-
erican Society of Echocardiography.'”

Pulsed-wave Doppler transmitral velocities were recorded
from the apical 4-chamber view by placing the sample volume
between the leaflet tips in the center of the flow stream. Early
diastolic mitral flow velocity (E), late diastolic mitral flow ve-
locity (A), the ratio of early to late diastolic mitral flow velo-
city (E/A), and deceleration time were measured. From the
apical 4-chamber view, the pulmonary venous flow velocities
were recorded by placing the sample volume approximately
1 cm into the right upper pulmonary vein. The pulmonary ven-
ous peak systolic (PVs) and peak diastolic (PVd) flow veloci-
ties, the ratio of peak systolic-to-diastolic flow velocities (PVs/
PVd), and peak reversal flow velocity due to left atrial con-

traction (PVa) were recorded.

All patients underwent repeated echocardiography on the
same day to obtain pulsed-wave and color-coded TDI. In puls-
ed-wave TDI, velocities were obtained by placing the TDI
cursor at the mitral annulus. In color-coded TDI, velocities
were measured at the mitral annulus by superimposition of
wall motion velocity on the 2-dimensional echocardiogra-
phic imaging using velocity color coding. Mitral annulus ve-
locities were measured at septal and lateral sites of the mitral
annulus. The peak systolic (Sa), early (Ea), and late (Aa) dias-
tolic velocities were measured on-line at a sweep speed of 100
mm/s. To obtain the best quality recordings, the filter settings
and gains were adjusted at the minimal optimal level to mini-
mize noise and to eliminate the signals produced by the trans-
mitral flow. The echocardiograms were stored digitally and an-
alyzed off-line. A mean of 3 consecutive cycles was used to
calculate all echocardiography Doppler parameters.

Statistics

Statistical Package for the Social Sciences (SPSS, version 17,
SPSS Inc., Chicago, IL, USA) was used for data management
and statistical analysis. Results are presented as mean®SD.
Comparisons of mitral annulus velocities (Sa, Ea, Aa) between
pulsed-wave and color-coded TDI were analyzed with the
paired t-test. The relationship of transmitral annulus velocities
(Sa, Ea, Aa) between pulsed-wave and color-coded TDI were
shown using Pearson's correlation coefficients. Comparisons
of mitral annulus velocities according to gender were per-
formed by the student t-test.

To determine the appropriate cut-oft value of diastolic dys-
function for healthy elderly individuals, the lower limit of
the 95% confidence interval (CI) for Ea was used. A p of <0.05
was considered as statistically significant. We also evaluated
whether these cut-off values were applicable to the detection
of hypertensive patients who have diastolic dysfunction.

Results

Clinical and echocardiographic characteristics

We enrolled a total 127 subjects (76 healthy volunteers and
51 patients with hypertension). All subjects had adequate
echocardiographic images for analysis. Table 1 summarizes
demographic data along with 2-dimensional and convention-
al Doppler echocardiographic characteristics.

Tissue Doppler echocardiographic characteristics
All values of mitral annulus velocities measured by color-
coded TDI were lower than those measured by pulsed-wave
TDI at both the septal and lateral sites (Table 2). The relation-
ship of each Sa, Ea, and Aa between pulsed-wave and color-
coded TDI showed a positively strong and statistically signifi-
cant correlation (septal Sa, r=0.653; lateral Sa, r=0.682; septal



Table 1. Clinical and echocardiographic characteristics of the two
groups
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Table 2. Tissue Doppler echocardiographic characteristics in two
groups measured by the pulsed-wave and color-coded modalities

Normal  Hypertension

Normal  Hypertension

(n=76) (n=51) (n=76) (n=51) 4
Clinical baseline characteristics Pulsed-wave tissue Doppler image
Age (years) 7414 7313 0.083 Septal 7.6+1.8 6.4+1.4 <0.001
Male sex (n, %) 34(447) 21(412) 0691 Sa(emls) | eral 9t 76t14 <0001
BMI (kg/m?) 225428 244430  <0.001 Fa (cmls) Septal 6.5%1.5 46%1.2 <0.001
SBP (mmHg) 119+11 134+11  <0.001 Lateral 8.3%+1.7 6.4%+1.7 <0.001
DBP (mmHg) 76+7 8146 <0.001 Septal 9.6%1.8 9.0+1.5 0.098
Aa (cm/s)
Heart rate (beats/min) 69+13 64+11 0.018 Lateral 11.1£2.2 10.6£1.9 0.150
2-dimensional echocardiographic characteristics Color-coded tissue Doppler image
LV EF (%) 662 65+3 0.258 Septal 7.4%1.5 6.4+1.1 <0.001
Sa (cm/s)
LVIDd (mm) 444+38 45.8+42  0.050 Lateral 8.812.0 7.611.3 <0.001
IVSd (mm) 8.5+1.1 102412 <0.001 Ea (cm/s) Septal 6.111.4 4.611.2 <0.001
LVPWd (mm) 8.710.9 102411 <0.001 Lateral 7.9%1.7 6.1%1.6 <0.001
LA volume (mL) 451+11.6  55.1+16.0 <0.001 Aa (cmls) Septal 8.911.5 8.7115 0.566
LV mass index (g/m?) 78.0+148  933%17.6 <0.001 Lateral ~ 10.4%24 9.7£1.8 0.080

Conventional Doppler echocardiographic characteristics
Mitral inflow parameters
E (cm/s) 62.5+15.1 57.9+12.7  0.076
A (cm/s) 819172  86.6%+144  0.112
E/A 0.8+0.2 0.710.2 0.004

DT (m/s) 22474492  278.9+64.4 <0.001
Pulmonary vein flow parameters

PVs (cm/s) 63.2£14.5 61.0£13.2  0.394

PVd (cm/s) 38.6£10.2 37.719.3 0.604

PVs/d (cm/s) 1.8+1.3 17404  0.503
PVa (cm/s) 304+10.5  28.0+117  0.230

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic
blood pressure, EF: ejection fraction, LVIDd: left ventricular internal
diameter in diastole, IVSd: interventricular septal diameter in dias-
tole, LVPWA: left ventricular posterior wall diameter in diastole, LA:
left atrium, LV: left ventricular, E: early diastolic mitral flow veloci-
ty, A: late diastolic mitral flow velocity, E/A: ratio of early to late di-
astolic mitral flow velocity, DT: deceleraton time, PVs: systolic pul-
monary vein flow velocity, PVd: diastolic pulmonary vein flow velo-
city, PVa: atrial reversal pulmonary vein flow velocity

Ea, r=0.841; lateral Ea, r=0.826; septal Aa, r=0.612; lateral Aa,
r=0.629, all p<0.001).

Cut-off value for diastolic dysfunction in elderly
subjects

Median values of septal Ea and lateral Ea measured by puls-
ed-wave TDI were 6.5 cm/s (95% CI, 6.1-6.8) and 8.3 cm/s
(95% CI, 7.9-8.7), respectively. Median values of septal Ea and
lateral Ea measured by color-coded TDI were 6.0 cm/s (95% CI,
5.7-6.4) and 8.0 cm/s (95% CI, 7.5-8.2), respectively (Fig. 1).

Using the lower limit of the 95% CI for Ea, the appropriate
cut-off value of diastolic dysfunction in elderly people was
determined. In pulsed-wave TD], the cut-off values of septal
Ea and lateral Ea were 6.1 cm/s and 7.9 cm/s, respectively. In

Sa: systolic mitral annulus velocity, Ea: early diastolic mitral annulus
velocity, Aa: late diastolic mitral annulus velocity

color-coded TDJ, the cut-off values of septal Ea and lateral Ea
were 5.7 cm/s and 7.5 cm/s, respectively. The sensitivity of
cut-off values of septal Ea and lateral Ea by pulsed-wave TDI,
and septal Ea and lateral Ea by color-coded TDI were 68%
and 62%, and 59% and 59%. The specificity of cut-off values
of septal Ea and lateral Ea by pulsed-wave TDI, and septal Ea
and lateral Ea by color-coded TDI were 90% and 79%, and
81% and 83%. Of the 4 cut-oft values, septal Ea by pulse-wave
TDI (68% sensitivity, 86% specificity, 0.841 area under the
curve) was the useful value to diagnose diastolic dysfunction
in the current study, but it did not reach statistical signific-
ance (Fig. 2).

Transmitral annulus velocities stratified by gender

When the subjects were stratified by gender, the values of
Sa, Ea, and Aa in men showed a trend toward being higher
than those in women. This pattern remained regardless of wh-
ether color-coded or pulsed-wave TDI was used or of annulus
site measured (Table 3).

Discussion

Diastolic dysfunction in healthy elderly people

Heart failure with normal left ventricular ejection fraction
is currently accepted as a disease entity, and diastolic dysfunc-
tion has a critical role in the clinical presentation of heart fai-
lure.!” Moreover, asymptomatic diastolic dysfunction is pre-
dictive of future occurrence of heart failure and is related to an
increase in all-cause mortality.'>"?)

Echocardiography has been used for the noninvasive evalu-
ation of diastolic function.'” Mitral inflow and pulmonary vein
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Fig. 1. Box plots showing distributions of septal and lateral Ea measured by pulsed-wave TDI and color-coded TDI, respectively. Box heights
reflect interquartile ranges (IQRs). Vertical capped lines (whiskers) extend to most extreme data points within 1.5 IQRs of boxes. Data be-
yond 1.5 IQRs from boxes are plotted individually. Ea: early diastolic mitral annulus velocity, TDI: tissue Doppler imaging.
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Fig. 2. Receiver-operator characteristic curve of Ea. The point (®) is the sensitivity and specificity of cut-off value, which is defined by the low-
er limit of the 95% ClI for Ea to detect hypertensive patients who have diastolic dysfunction. TDI: tissue Doppler imaging

flow velocities are representative parameters that provide va-
luable information about diastolic function; however, these
parameters are affected by the preload condition. In contrast,
the TDI-derived mitral annulus velocity is relatively preload-
independent and more accurate for the evaluation of diastolic

1518) Previous studies have shown that TDI is

dysfunction.
more sensitive than conventional echocardiography in detect-
ing early myocardial dysfunction before development of left
ventricular structural changes.'”*” Munagala et al.?” evaluat-
ed the age reference range of Doppler diastolic function pa-
rameters and from that study, the reference range for septal Ea
was defined as 7 cm/s (5th to 95th percentile value=5-11 cm/s)
and for lateral Ea as 8 cm/s (5th to 95th percentile value=5-11
cm/s) in normal adults >70 years. Sohn et al.'® suggested that
the mean septal Ea of the normal elderly group (age range=60-69
years, n=11) was 7.521.6 cm/s. In contrast to most previous

studies which presented reference ranges of TDI, we focused
on determining a cut-off value for diastolic dysfunction using
2 different TDI modalities and at both sites of the mitral annulus.

Difference between pulsed-wave and color-coded
tissue Doppler imaging

In pulsed-wave TDI, the myocardial velocity is obtained
from the peak value using the edge of the spectral pulsed Dop-
pler envelopes, while in color-coded TDI, the value represents
the mean velocity. Therefore, based on previously published
data, it appeared that pulsed-wave TDI yielded higher veloci-
ties than color-coded TDI.?? We performed repeated pulsed-
wave and color-coded tissue Doppler echocardiography in the
same individual. The results of this study showed a clear dif-
ference in mitral annulus velocities according to the TDI mo-
dalities. Color-coded TDI derived velocities were lower than



Table 3. Tissue Doppler echocardiographic characteristics strati-
fied by gender

Men (n=34) Women (n=42) p

Pulsed-wave tissue Doppler image

Septal 8.1+2.2 7.2%1.2 0.055
Sa (cm/s)

Lateral 9.8t1.8 8.612.1 0.010

Septal 7.0t1.6 6.0+1.2 0.003
Ea (cm/s)

Lateral 8.8+1.7 7.9%1.5 0.018

Septal 9.912.0 9.3%1.7 0.119
Aa (cm/s)

Lateral 11.1+2.3 11.1x2.2 0.929

Color-coded tissue Doppler image

Septal 7.9%+1.5 6.911.5 0.004
Sa (cm/s)

Lateral 8.9+1.8 8.612.1 0.524

Septal 6.6t1.5 56+1.2 0.002
Ea (cm/s)

Lateral 8.4+1.8 74+14 0.006

Septal 9.2+1.7 8.611.4 0.073
Aa (cm/s)

Lateral 10.4+2.3 10.4+2.5 0.915

Sa: systolic mitral annulus velocity, Ea: early diastolic mitral annulus
velocity, Aa: late diastolic mitral annulus velocity

pulsed-wave TDI derived velocities with minimum 0.1 to
maximum 0.8 cm/s differences. In septal Ea and lateral Ea,
color coded TDI values were 0.21 and 0.4 cm/s lower than
those of pulsed-wave TDI, respectively. Therefore, the TDI
modality must be taken into consideration when interpret-
ing results.

Effect of gender on diastolic function

In many previous studies, there were consistent reports that
women were more vulnerable to heart failure with preserved
left ventricular systolic function when compared with men,
which may underlie the premise that diastolic dysfunction
could be more prevalent in women than men.”? In Redfield’s
study, for example, women had higher vascular and left ven-
tricular systolic and diastolic stiffness than men, which might
explain the female predominance in heart failure with pre-
served left ventricular systolic function.” Considering this
gender characteristic, we stratified the normal healthy group
by gender. We did not find significant differences in clinical
and 2-dimensional echocardiographic findings between men
and women. However, we found that women had lower mi-
tral annulus velocities; especially, the Ea of women was signifi-
cantly lower than that of men. Although hormonal changes
are a possible underlying factor for this difference, the mech-
anism underlying the gender difference in diastolic function
is unknown. Thus, additional comparative studies are needed
to examine the diastolic function difference between women
and men.

Limitations of our study
First, although all the normal subjects in our study did not
have any signs or symptoms of heart failure, and had normal
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findings on electrocardiogram and on 2-dimensional and
conventional Doppler echocardiography, we could not com-
pletely exclude asymptomatic coronary artery disease. Second,
our study had relatively a small population size to determine
the cut-off value for diastolic dysfunction.

Conclusion

Although mitral annular velocity is a valuable index of left
ventricular diastolic function, before making interpretations of
diastolic function, the normal aging process and gender dif-
ferences should be considered, and different cut-off values
should be applied to the normal elderly population. Moreover,
one should keep in mind that myocardial annulus velocities
depend on the TDI modality used, whether pulsed-wave or
color-coded.
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