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Tissue Doppler Imaging and Mitral or Tricuspid Annular Plane Systolic Excursion
in Healthy Children

Kazuhiro Mori
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Tissue Doppler imaging (TDI) is an echocardiographic technique that uses Doppler principles to measure the
velocity of myocardial motion. In adults, TDI is recommended to assess systolic and diastolic longitudinal ven-
tricular function by obtaining spectral traces from the mitral and tricuspid ring in the 4-chamber view. There are
many studies of left or right ventricular function assessed by TDI in various heart diseases during the pediatric
period. However, age-related changes of normal values of TDI parameters make it difficult to interpret data in an
individual child in actual clinical practice. This review provides normal values for various TDI parameters and
discusses the clinical usefulness and limitations of TDI in the pediatric age group. Mitral or tricuspid annular
plane systolic excursion is another method to assess longitudinal function of both ventricles by M-mode. This
review also shows normal values and clinical implications of this simple method. Because of their ready avail-
ability using conventional echocardiographic equipment, these methods should become a part of the routine
assessment of cardiac function in children.
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Fig. 1 Tissue Doppler imaging (TDI) recorded from the apical 4-chamber view
Left: A sample volume is targeted on any part of myocardium. Here, the sample volume is placed on the mitral valve
annulus (its lateral or septal junctions) or on the tricuspid valve annulus. Right: Recording from the lateral junction of
the mitral annulus. The Doppler spectrum shows systolic waves (s1’ and s2’), an early diastolic wave (e’), and a late
diastolic wave (a’). ECG=electrocardiogram; ICT=isovolumic contraction time; IRT=isovolumic relaxation time; LA=left
atrium; LV=left ventricle; RA=right atrium; RV=right ventricle; TDI=tissue Doppler imaging.

Fig. 2 Inadequate and adequate recordings of tissue Doppler imaging

The sample volume is placed on the lateral mitral valve annulus. A: Inadequate recording. Because of excess Doppler
gain, the maximal velocity boundary of the spectral envelope is unclear. The vertical lineal Doppler artifacts lead to over-
estimation of each velocity. B: Adequate recording. After adjustment of the Doppler gain, the spectral envelope in the
Doppler recording is clearly recognized. ICT and IRT can be easily measured. s'=systolic wall motion velocity; e'=early
diastolic wall motion velocity; ICT=isovolumic contraction time; IRT=isovolumic relaxation time.
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Fig. 3 The relationship between the systolic wall
motion velocity (s’) and age
The sample volume is placed on the lateral mitral
valve annulus. Means and 95% prediction bands
are shown. r=0.73.
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Fig. 4 Post-systolic shortening
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A: TDI recording on the lateral mitral valve annulus from the 4-chamber view in a normal subject. B: In ischemic or
fibrotic myocardium, s’ is reduced and followed by a deformation after systole, the so-called post-systolic shortening
(PSS: shown by arrow). PSS is explained in part by passive recoil, which releases energy stored in the scar tissue during
systolic intraventricular unloading. TDI=tissue Doppler imaging; syst=systolic period; s’=systolic wall motion velocity;

e’ =early diastolic wall motion velocity.
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Fig. 5 The relationship between the early diastolic
wall motion velocity (e") and age

The sample volume is placed on the lateral mitral
valve annulus. Means and 95% prediction bands
are shown. r=0.83.
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Fig. 6 Comparison between early diastolic wall
motion velocity of the tricuspid valve an-
nulus and that of the mitral valve annulus
in relation to age

Left panel: Early diastolic wall motion velocity (e’)
of the tricuspid valve annulus shows a marginal
increase according to age. r=0.13. Right panel:
Early diastolic wall motion velocity (e") of the mitral
valve annulus significantly increases according to
age. r=0.70. Means and 95% prediction bands are
shown. Arranged from reference 7 .
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Fig. 7 The relationship between E/e’ ratio and
age
The sample volume is placed on the lateral mitral
valve annulus. The E/e’ ratio is significantly
increased during the neonatal period. Thereafter,
this index slowly decreases with aging. E=mitral
flow velocity during early diastole; e’=early diastol-
ic wall motion velocity of the mitral valve annulus.
Means and 95% prediction bands are shown. r=

—0.62.
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Fig. 8 Temporal relationship between the onset
of mitral flow and mitral annulus velocity

during early diastole

Left: In a normal subject, the onset of the e’ wave
(red line) is at the time same as or a little earlier
than that of the E wave (blue line). Right: In a sub-
ject with significantly increased left ventricular fill-
ing pressure, the delay of the onset of the e’ wave
is recognized, compared with the onset of the E
wave. The dotted line shows the second heart
sound. E=mitral flow velocity during early diastole;
e'=early diastolic wall motion velocity of the
mitral valve annulus; ECG=electrocardiogram; IRT
=isovolumic relaxation time; PCG=phonocardio-
gram; TDI=tissue Doppler imaging.
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TEl index=(a-b)/b

Fig. 9 Schema for measurement of the Tei index
The Tei index is calculated as (a-b)/b, where a is
the interval between cessation of the a’ wave and
onset of the subsequent e’ wave, and b is the inter-
val of the s’ wave. ET=ejection time; ICT=isovo-
lumic contraction time; IRT=isovolumic relaxation
time; a’=late diastolic wall motion velocity; e'=
early diastolic wall motion velocity; s’ =systolic wall
motion velocity.
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Fig. 10 The relationship between the Tei index and
age
The sample volume is placed on the lateral mitral
valve annulus. The Tei index is significantly
increased during the early neonatal period. There-
after, the change in this index according to age
is minimal. Means and 95% prediction bands are
shown. r=-0.49.
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Fig. 11 Measurement of MAPSE using the
M-mode echocardiography
In the apical 4-chamber view, MAPSE is mea-
sured as the longitudinal mitral annular motion
from the apex using M-mode echocardiography.
It is measured as the distance between the peak
and the bottom of the M-mode tracing curve. LA
=left atrium; LV=Ieft ventricle; RA=right atrium;
RV=right ventricle; MAPSE=mitral annular plane
systolic excursion.
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Fig. 12 The relationship between MAPSE and age

MAPSE is significantly increased with aging.
MAPSE=mitral annular plane systolic excursion.
Means and 95% prediction bands are shown. r=
0.89.
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Fig. 13 MAPSE in a patient with left ventricular noncompaction

A 15-year-old boy was referred to our hospital because of ECG abnormality found during heart screening for school-
children. A: ECG shows ST-T change in the left precordial leads. B: Shortening fraction of the left ventricle is margin-
ally decreased to 29%. C: Tissue Doppler imaging recorded from the lateral mitral valve annulus shows decreased
velocity of systolic (s’) and early diastolic waves (e’). D: MAPSE recorded by M-mode is significantly decreased to
9.7mm, indicating a distinct abnormality of the longitudinal systolic function of the left ventricle. MAPSE=mitral
annular plane systolic excursion; ECG=electrocardiogram.
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Fig. 14 The relationship between TAPSE and age

The solid line shows the mean value of TAPSE in
relation to age. Sex-segregated curves are also
shown. The dotted lines represent =2 SD and =3
SD, respectively. TAPSE=tricuspid annular plane
systolic excursion. Revised with permission by
Dr. Hashimoto (Ref. 17).
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