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Abstract: Background and Aims: The diastolic function was previously less understood and rarely evaluated in children. But, in order
to fully assess the function of the left ventricle, the diastolicfunction must be evaluated, as the increased filling pressures of the left
ventricle is the final common pathway in all cases of heart failure. TDI has been proved to be an independent and accurate index in the
evaluation of the left ventricle diastolic function in all studies that have been done in pediatrics. In this study, we are trying to
understand the changes in diastolic function (via TDI) starting from the early stages of heart failure regardless of the EF value.
Methods: This prospective study has two major groups, the first group included 206 normal children who have a complete normal
clinical and echocardiographical study of the heart. The second group (205 children) contains two subgroups: Those with the first stage
of HF according to ROSS classification, and the other subgroup with the II or III stage of HF. After dividing each group ( the normal
and the pathological groups) into five age-groups : 1 month-1 year , 1-3 years , 3-6 years , 6-9 years , 9-13 years , we measured the
transmitral flow velocities E/A , and the TDI parameters at the level of the mitral annules. And then we compared the results in each age
group between the normal children and the patients. Results: The E / A ratio did not show any statistical value since P value was always
greater than 0.05 in all stages of heart failure and in all age groups. Whereas, TDI have shown a great value as a predictor index in
heart failure in children. In the first HF stage , septal E/e’ ratio , lateral E/e’ ratio, and the average E/e’ ratio,have shown a significant
statistical value as the P value was less than 0.05 in all age groups except in the age group ( 3-6 years ,with no obvious reason). On the
other hand , all measurements of TDI including (septal e’ , lateral e’ , septal E/e’ , lateral E/e’, average E/e’) have shown significant
changes in all age groups in the stages II and III of HF in pediatric patients , despite the EF was normal in all patient except in 5 of
them with the III stage of HF. Conclusion: TDI is an independent and accurate index of the filling LV pressures. In this study we
proved that TDI shows significant changes from the first stages of heart failure in pediatric patient, regardless of the value of EF.
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1. Introduction

Table 1.Heart failure staging in children.

Heart failure in children is a clinical and
pathophysiological syndrome that results from ventricular
dysfunction, volume or pressure overload, either alone or in
combination 1 .The International Society for Heart and Lung
Transplantation (ISHLT) stratified pediatric HF into four
stages (Stages A–D) as in Table 1 1, which is useful to
identify those at risk for HF and who are currently
asymptomatic (Stage A) versus those on the other end of the
spectrum (Stage D),who have advanced HF and, thus, would
require therapeutic interventions for maintenance of endorgan function2.The reported incidence of HF in children is
0.97 to 7.4 per 100,0003. Congenital heart disease confirms
25-75% of all cases of heart failure in pediatrics 4.

The well-known New York Heart Association (NYHA) HF
classification does not apply to youngchildren on a practical
level and is thought to lack the sensitivity needed to assess
and capture theprogression of HF severity in children. For
this reason, the modified Ross HF classification5 is usedfor
the assessment of children younger than six years with HF.
A comparison of two classifications is shown in Table 2.

Stage
(Class)

A

B
C
D

Description
Patients with increased risk of developing HF but with
normal cardiac function andchamber size. Examples:
univentricular heart, previous exposure to anthracycline,
Duchenne muscular dystrophy, congenitally corrected
transposition of the greatarteries, h/o familial dilated
cardiomyopathy.
Patients with abnormal cardiac morphology or function
with no past or currentsymptoms of HF. Examples:
asymptomatic dilated LV, isolated LV noncompaction.
Patients with past or current HF symptoms and structural
or functional heart disease.
Patients with end-stage HF requiring continuous infusion
of inotropic agents, mechanical circulatory support,
cardiac transplantation, or hospice care.

The term diastolic dysfunction is used to describe
abnormal mechanical(diastolic) properties of the ventricle
and includes decreased LV distensibility, delayed relaxation,
and abnormal filling, regardless ofwhether the EF is normal
or reduced and whether the patient issymptomatic or
asymptomatic. In contrast, the term diastolic HF isused to
describe patients with the symptoms and signs of HF anda
normal EF and diastolic dysfunction6.
Table 2: NYHA and modified Ross classification of heart
failure in children
Modified Ross Classification of HF in
Children < 6 year
Class I: Asymptomatic
Class II: Mild tachypnea or diaphoresis
with feeding in infants; dyspnea on
exertion in older children.
Class III: Marked tachypnea or
diaphoresis with feeding ininfants.
Prolonged feeding times with growth
failure; Marked dyspnea on exertion in
older children.

NYHA Classification of
HF in Children > 6 year
Class I: Asymptomatic.
Class II: Slight or
moderate limitations of
physical activity.
Class III: Marked
limitation of physical
activity.
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Class IV: Symptoms such as tachypnea,
Class IV: Symptoms at
retractions, grunting, or diaphoresis at
rest.
rest.

Diastolic heart failure should always be considered when
LVEF is normal on two-dimensional echocardiography in
patients with clinical evidence of heart failure. The diagnosis
can be confirmed if Doppler echocardiography and
myocardial tissue imaging provide evidence for impaired
myocardial relaxation. Early identification of diastolic
dysfunction in asymptomatic patients by the use of
echocardiography may provide an opportunity to manage the
underlying etiology to prevent progression to diastolic heart
failure7

2. Diastolic Performance
For the left ventricle to function effectively as a pump, it
must beable not only to eject but also to fill, which is its
diastolic function.Diastolic function conventionally has been
assessed on the basisof the LV end diastolic pressurevolume (P-V) relation8 .A shift of the curve upward and to
the left has beenconsidered to be the hallmark of diastolic
dysfunction.
Two-dimensional and Doppler echocardiography is an easy
and non-invasive way to assess the diastolic function9.
Mitral valve inflow10
Peak E-Wave Velocity (cm/sec): Early diastole (after Twave on EKG)
Peak A-Wave Velocity (cm/sec): Late diastole (after P-wave
on EKG)
All flow velocities across the mitral valve are affected by
preload and post-convection, as well as heart rate and age.
Usually E is greater than A. Diastolic Dysfunctin has four
main grades:
Grade 1: Impaired relaxation, decreased suction of the LV, E
<A.
Grade 2: Psuedonormalization , increased stiffness of LV,
and elevated left atrial pressure (LAP) , E>A.
Grade 3: (reversible): Restrictive filling, high LAP,
noncompliant LV. E>>A.May be reversible with reduction
of preload.
Grade 4: (irreversible): Same as grade 3, but can not be
reversible with reduction of preload.
The following figure (figure 1) shows the stages of diastolic
dysfunction according to transmitral velocities.

Tissue Doppler Index TDI
Diastolicventricular function is determined by the
evaluationof the longitudinal movement at the level of
themitral, tricuspid and septal annulus, with thecalculation
of early and late diastolic velocities(2 negative waves: Ea or
E’; Aa or A’ respectively)11. Tissue Doppler imaging (TDI)
for echocardiographic evaluation of myocardial function was
first described in 198912.
The difficulties come when attempting to measure the
relaxation of the myocardium while negating any effect of
pre- or afterload13.Eidem BW et al,studied the impact of LV
preload and after load on TDI in congenital heart defects ,
they found that LV preload do not significantly affect the
majority of TDI velocities in children with ventricular septal
defects. In addition, significantly increased chronic LV
afterload in children with aortic valve stenosis is associated
with decreased TDI velocities in the absence of other
identifiable abnormalities of LV function14
In a study performed by Butnario A et al , to measure the
systolic and diastolic function in congestive heart failure in
pediatric patients, they found that while some conventional
parameters of the diastolicfunction were maintained within
normal or pseudonormal values in patients with heart
failure,the diastolic dysfunction being confirmed in
thesecases by TDI measurements and their correlation15
.Nagueh et al, were the first to show that E/e′ ratio (ratio of
transmitral E velocity and TDI mitral annular e′ velocity)
corresponded to PCWP . In 125 patients classified by
systolic and diastolic function and symptoms, PCWP
correlated strongly with E/e′ ratio r = 0.87 16.

3. Aim of our study
There is an increased interest in studying the value of TDI in
children, especially as an independent and accurate index in
determining the function of the heart. Despite the studies on
it are still few, most of these studies in pediatrics have
proved its important and significant value. On the other
hand, the diastolic function is still not well understood in
pediatrics and there are no guidelines for it till now.
In this study we are trying to understand the changes in the
diastolic function via TDi from the first stages of heart
failure regardless of the value of EF.

4. Results
Our study is a prospective cohort study conducted at
Damascus University Children Hospital between 2018 and
2019 .The baseline characteristics of the study groups are
presented in table 3.
Table 3: (M: males, F: female)

Figure 1: Transmitral velocities

Normal
M
F
1month-1 year 21 17
1year -3 years 20 17
3-6 years
22 22
6-9 years
25 20
9-13 years
28 14
Sum
116 90

ROSS I ROSS II – III
M F
M
F
6 3
16
21
9 7
7
7
22 10
5
6
18 6
6
10
15 9
12
10
70 35 46
54
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Table 4 shows the mean value (with the standard deviation)
for every measurement in each age group in normal children.
We did not find an important impact of the growth on the
TDI values, as there were no significant changes between

the age groups. This dose not correlate with the study of
Eidem et al which was done on 325 normal children and
concluded that Age was alsosignificantly correlated with
most TDI velocities14.

Table 4: Results of the echocardiographic parameters measured in normal children in each age group
Age Group 1month-1 year 1 year-3years 3 -6 years 6-9 years 9-13 years
Number
38
37
44
45
42
E/e’
1.17 ±0.12
1.4 ±0.41
1.56 ±0.36 1.58±0.29 1.58 ±0.36
Septal e’
11.7 ±2.6
12.7 ±3.07
12.8 ±2.3 12.2 ±1.7 12.09 ±1.8
Septal E/e’
7.8 ±1.5
8.19 ±1.5
8.2 ±1.3
8.12 ±1.2 7.68 ±1.5
Lateral e’
13.3±2.8
15.5±3.03
16±2.8
14.7 ±3.3 14.2 ±3.2
Lateral E/e’
7.2 ±1.5
6.8 ±1.3
6.2 ±1.2
6.8 ±1.3
6.8 ±1.7
Average E/e’
7.5 ±1.3
7.4 ±1.2
7.48 ±1.06 7.47 ±1.15 7.2 ±1.3

Transmitral flow velocities: E/A ratio:
This ratio did not show any important change between the
normal children and those with heart failure, P value was
always much bigger than 0.05 in all age groups (table 5).
Table 5
Normal ROSS I P value ROSS II - III P value
1month – 1 year 1.17±0.12 1.1±0.27 0.39
1.2±0.34
0.37
1 – 3 years
1.4±0.41 1.4 ±0.29 0.97 1.5 ± 0.49 0.80
3-6 years
1.56±0.36 1.6 ±0.42 0.44 1.68 ± 0.54 0.39
6-9 years
1.58±0.29 1.58±0.25 0.84 1.6 ± 0.44 0.99
9-13 years 1.58±0.36 1.49±0.38 0.33 1.46 ± 0.44 0.24

Important Notice: The EF was normal (> 55%) in all the
pediatric patients except 5 of the stage III patients, in the age
groups (2 patient - 6-9 years-) (3 patient -9-13 Years).
Septal e’:
When comparing Septal mitral e’ velocity between the
Normal and ROSS I group, there was an important change in
two of the age-groups (1 month – 1 year , 6-9 years) where P
value was less than 0.05. While it shows no statistical
significant changes in the other age- groups , where P value
was more than 0.05 . On the other hand those with the
second and third stage of HF have shown significant
changes in all age groups. (table 6)
Table 6
Normal ROSS I P value ROSS II -III P value
1 month-1 year 11.7±2.6 9.8±1.2 0.000 8.03 ± 3.3 0.009
1 -3 years 12.7±3.07 11±2.47 0.055 10.7 ± 2.17 0.032
3-6 years
12.8±2.3 12.5±2.4 0.607 10.07 ± 2.6 0.002
6-9 years
12.2±1.7 11.07±2.1 0.017 9.58 ± 2.08 0.000
9 -13 years 12.09±1.8 11.17±1.9 0.062 9.16 ± 3.1 0.000

Septal E/e’:
Analysis of the measurements of this ratio has shown very
significant changes in both the groups of HF ( the I , II and
III stage HF) , and for all the age groups ,with one exception
in the children between 3-6 years with the first HF stage .
Table (7) .
Table 7
Normal
1 month-1 year 7.8±1.4
1-3 years
8.19±1.5
3-6 years
8.2±1.3
6-9 years
8.14±1.2
9-13 years 7.68±1.5

ROSS I P value ROSS II - III P value
12.6±3.8 0.000 13.9 ± 4.9 0.000
10.35±2.3 0.000 12.1 ± 3.2 0.000
8.63±2.05 0.314 10.07 ± 2.6 0.002
9.5±2.4 0.002 14.3 ± 2.7 0.000
9.08±2.5 0.000 12.6 ± 4.1 0.000

Lateral e’:
When comparing Lateral mitral e’ velocity between the
Normal and ROSS I group, there was an important change in
three of the age-groups (1 month – 1 year, 1-3 years , and 913 years)where P value was less than 0.05 . While it shows
no statistical significant changes in the other age- groups (P
value was more than 0.05). On the other hand those with the
second and third stage of HF have shown significant
changes in all age groups. Table (8).
Table 8
Normal
1 month-1year 13.3±2.8
1-3 years 15.5±3.03
3- 6 years
16±2.8
6 -9 years
14.7±3.2
9 -13 years 14.23±3.2

ROSS I
11.08±1.3
13.21±4.64
14.9±3.4
13.5±3.4
12.5±2.7

P value
0.010
0.036
0.141
0.137
0.030

ROSS II - III
10.25±2.9
12.10±3.19
13±3
12±2.5
11.03±3.9

Lateral E/e’:
This ratio has shown the same changes as the Septal E/e’
ratio. Table (9).
Table 9
Normal
1 month–1 year 7.5±1.5
1-3 years
6.8±1.3
3-6 years
6.2±1.2
6-9 years
6.8±1.3
9-13 years
6.8±1.7

ROSS I
9.9±2.9
9.2±2.4
7.2±1.9
8.15±2.3
8.2±2.2

P value ROSS II-III P value
0.000 12.16±3.8 0.000
0.000
10.9±3.7
0.000
0.191
9.3±2.4
0.000
0.004
11.3±1.8
0.000
0.006
10.7±3.7
0.000

Average E/e’:
As in tha Lateral and Septal E/e’ ratios , there were
significant changes in this ratio in all the stages of HF and
for all the age groups, except those from 3-6 years with HF
stage I .

Table 10
Normal
1 month–1 year 7.49±1.3
1 -3 years
7.4±1.2
3 -6 years
7.48±1.06
6 -9 years
7.47±1.15
9 -13 years
7.2±1.3

ROSS I
11.17±3.1
9.74±2.2
7.9±1.7
8.8±2.2
8.6±2.2

P value
0.000
0.000
0.169
0.001
0.001

ROSS II-III
13.03±1.3
11.6±3.2
10.79±2.7
12.8±2.1
11.6±3.8

P value
0.000
0.000
0.000
0.000
0.000

5. Discussion
Classification of HF in pediatrics depends on clinical signs
and symptoms. Declining of EF usually correlates with the
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advanced stages. In this study, usefulness of Tissue Doppler
Index as an early, accurate and independent index of
diastolic dysfunction was emphasized. We find an important
value to study TDI in HF pediatric patients from the first
stages.
Transmitral flow velocities (one of the conventional
diastolic function measurements) did not have a value in
determining the LV filling pressure. This corresponds to the
fact that it is affected by pre and after load changes, heart
rate, mitral regurgitation and other physiological and
pathological situations.
All measurements of diastolic function via TDI including:
mitral septal e’, mitral lateral e’, mitral septal, lateral and
average E/e’, have shown significant and important changes
in children patients even with mild symptoms of HF on
exertion (stage II) regardless of EF. Where, in our study, EF
was normal in all patient with stage II HF have a normal EF
ratio. And was low (40 – 50%) in only 5 patients with heart
failure stage III.
Despite , measurements of septal and lateral e’ have not
proved to be useful in stage I heart failure patients ( the
changes were not significant for all age groups ) , correcting
these values by calculating E/e’( Septal , Lateral and the
average ) ratios presented an important clue of LV filling
pressure increased.
The last result has one exception in the patients aged 3-6
years. We could not explain this clearly .This group was
relatively the largest one , most of the patients in this group
have been classified under the first stage of heart failure due
to their exposure to anthracycline (about 75%) , in the other
age groups ( 1 month – 1 year , 1 -3 years , 6-9 years , 9 -13
years ) the percentage of anthracycline exposure was
respectively ( 33.3 % , 68.75 % , 66.6% , 54% ) .

6. Conclusion
Traditional measurement of diastolic function starting eith
E/A ratio has no value in pediatrics in all age groups of this
study. This corresponds with all previous studies which
confirm the inaccuracy and the lack of independence of this
ratio in children. TDI presents an important information
about the diastolic function and the filling pressure of LV
from the first stage of HF in pediatrics. This can be helpful
in the monitoring and treatment plan. More studies should be
done in order to better understanding of the diastolic
function in pediatrics ; especially in the first stage of heart
failure , where usefulness of TDI could not be confirmed in
all age groups in this study .
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