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Echocardiography is now considered a standard diagnostic
tool that enables the noninvasive quantification of cardiac cham-
ber size, ventricular mass, and systolic function in various clin-
ical situations. Technological progress in Doppler echocardiog-
raphy has enabled the provision of hemodynamic information
and the assessment of valvular heart disease and ventricular di-
astolic function.”

When interpreting the results of medical tests, comparisons
are usually made with a reference range that defines the values
seen in health or considered desirable for health, and the effec-
tiveness of any diagnostic test depends on its ability to accurate-
ly detect abnormalities. Echocardiography is no exception and
it is essential to establish ‘normal’ reference values for echocar-
diography.”

The population targeted and method used to collect the data
are crucial for defining reference values. However, current Dop-
pler echocardiography reference values are derived mainly from
North American and European population studies with wide
heterogeneity of their inclusion and exclusion criteria and may
not be applicable to other populations.” Reported normal ref-
erence values differ according to age, gender, and ethnicity. ™
Several studies have examined these differences. However, the
EchoNoRMAL study and an echocardiographic study of Lati-
nos focused mainly on cardiac chamber size,” while Okura et
al.” could not completely exclude subclinical conditions such
as diabetes and renal failure that might have changes left ven-
tricular (LV) diastolic parameters.

With increased awareness of the importance of accounting for
age, gender, and ethnicity, several studies have obtained nor-
mal reference ranges for Doppler data for specific healthy pop-
ulations, *"” as listed in Table 1.

The Normal Echocardiographic Measurements in a Korean
Population NORMAL) study is the first Korean multicenter
study providing reference values for the most useful Doppler
parameters according to age and gender using conventional
echocardiographic approaches.m The NORMAL study ran
from January 2011 to March 2014 and included 1003 normal
adults (age 20—79 years) who had no significant cardiac disor-
ders or clinical illnesses that might have affected cardiac struc-
ture and function, such as hypertension and diabetes. A previ-
ous study of normal echocardiographic reference values did not
include tissue Doppler imaging (TDI) variables or provide
sex-specific reference values.'”

The NORMAL Doppler study showed that normal ageing
is associated with a number of changes in the heart and vascu-
lar system. Briefly, the mitral early diastolic inflow velocity (E),
late diastolic inflow velocity (A), and E/A ratio were higher in
women than in men. There were also considerable differences in
the septal and lateral mitral annular velocities, and every TDI
variable measured from the lateral annulus was greater com-
pared to the values measured from the septal annulus. Howev-
er, there were no significant differences in the septal and lateral
early diastolic annular velocities (¢’) between men and women.
The septal E/e’ value in men was lower than in women.

The mitral E/A ratio, e’ velocity, and E/e’, which are repre-
sentative variables used to evaluate diastolic dysfunction, de-
crease with age in both men and women. These results have
been consistent in studies of European, Japanese, and Chinese
populations and confirm that age reference values should be
considered when analyzing diastolic function.'”"”" These find-
ings might partially explain why elderly people are likely to de-
velop heart failure (HF) with a preserved ejection fraction and
higher filling pressure."”

However, in addition to the differences in the E/A ratio, €,
and E/e’ ratio between men and women among these studies,
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Table 1. Studies that provided normal reference values for variables from Doppler and TDI according to sex and age groups in specific ethnic

group
Study Population n Age, yr 1\(/{)21)6 (afi?/’ vo) Septal €’ Septal a” Septal s E/e’ ECh:;ies v:th :)gelr]l:ie‘
Dalen etal."” Norwegian 1266 M:50.6 + 13.7 48 M<F M<F M<F MsF M=F M<F | | | 1 1
F:47.8 +13.6
NORRE'"’  European white 449 M:45.9 + 14.0 4 M<F M=F M=F M-F M-F M=F | | | 1 1
F:45.7 + 134
JAMP"? Japanese 700 M:43.7 = 14.5 55 M<F M<F M<F M>F M<F | | | 1 1
F:43.5 = 14.5 (<50) (<50) (<50) (<G0) (> 60)
M=F M=F M=F M=F
(>50) (>50) (>50) (>60)
EMINCA'"  Han Chinese 1394 M:47.1 +16.2 49 M<F M=F M=F M>F M>F M<F | | | 1 1

F:47.5 +15.8

NORRE: Normal Reference Ranges for Echocardiography, JAMP: Japanese Normal Values for Echocardiographic Measurements Project, EMINCA: Echocar-
diographic Measurements in Normal Chinese Adults, TDI: tissue Doppler imaging, E: early diastolic inflow velocity, A: late diastolic inflow velocity, s: systolic
annular velocity, e’: early diastolic annular velocity, a”: late diastolic annular velocity

the changes with age were also not identical. This might be due
to ethnicity, relatively small sample sizes, or the age and gen-
der distributions of the study populations.

Ethnicity is an important determinant of the cardiovascular
adaptation of systolic and diastolic function. Racial and gender
differences in large-artery structure and function, endothelial
function, the renin-angiotensin system, and levels of vasoac-
tive cytokines may partially explain the differences."® Also, in
the studies mentioned above,'""” the study populations ranged
from 449 to 1394 and the proportion of males ranged from
44% to 55%. The numbers of participants in the various age
groups were different.

As mentioned above, values of the mitral inflow E, E/A, and
E/e’ in men were significantly lower than in women, which is
consistent with studies in Norwegian and Japanese popula-
tions.'”"? This suggests the need for gender-specific reference
values in clinical practice. In women, HF is associated more
with LV diastolic dysfunction than in men, whereas LV systol-
ic dysfunction is the predominant cause of HF in men."” Daimon
et al.'” reported that for subjects < 50 years, women had a sig-
nificantly greater E, E/A ratio, and €’ than men, while these pa-
rameters were similar between the sexes in subjects > 50 years.
Menopause usually occurs at the age of approximately 50 years,
and the rapid changes in LV diastolic parameters in women
over 50 seem to be consistent with postmenopausal status.
The effects of estrogen and postmenopausal status on smooth
muscle proliferation”” and vascular function”” may play a role in
the gender-based differences in Doppler echocardiographic pa-
rameters.

In this study, patients with significant hypertension and di-
abetes were excluded based on the medical histories obtained
from the study subjects."” Therefore, patients with subclinical
hypertension” and diabetes mellitus,” which are associated
with diastolic HE, might be included in this study. This could
partially contribute to the difference with previous findings.'”"”

In conclusion, heightened awareness of the importance of nor-
mal reference values according to ethnicity, age, and gender
has emphasized the need for age- and gender-specific Doppler
reference values for specific populations. In the future, high-
quality comparative studies between different ethnicities and
studies of the pathophysiologic effects of ethnicity, aging, and
sex on Doppler echocardiographic parameters are needed for
the correct diagnosis and management of systolic and diastolic
dysfunction.
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