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LV dysfunction among patients, the area under the receiver 
operating characteristic curve was 0.98 for RV MPI, 0.906 
for RV IVA. For identifying severe LV dysfunction; RV 
MPI   > 0.29 had 100% sensitivity and 93.7% specificity, 
while the RV IVA   ≤ 3 had 84.4% sensitivity and 90.6% 
specificity. In pediatric patients with DCM the RV systolic 
and diastolic functions are affected beside the LV dysfunc-
tion. Non-conventional echocardiographic evaluation of RV 
function is recommended in among this cohort.

Keywords  Dilated cardiomyopathy · Right ventricle · 
Tissue Doppler imaging · Isovolumic acceleration · 
2D-speckle tracking

Abbreviations
2D-STE	� 2D speckle tracking echocardiography
ACEI	� Angiotensin converting enzyme inhibitors
AUC	� Area under curve
BSA	� Body surface area

Abstract  To evaluate the right ventricular (RV) func-
tion in relation to that of the left ventricle (LV) in patients 
with dilated cardiomyopathy (DCM). Echocardiographic 
examination was done using tissue Doppler imaging (TDI) 
and two-dimensional speckle tracking echocardiography 
(2D-STE) for 32 pediatric patients with DCM comparing 
them to another 32 normal matched controls. The global 
longitudinal strain (GLS) derived from 2D-STE was used 
to reflect the LV systolic function. Tricuspid annular plan 
systolic excursion (TAPSE) and the following RV TDI 
derived indexes: peak systolic velocity (S′), peak early dias-
tolic velocity E′, peak late diastolic velocity A’, isovolu-
mic acceleration (IVA) and myocardial performance index 
(MPI) were measured. RV had significant systolic and dias-
tolic dysfunction; TAPSE, S′ velocity, IVA, peak early dias-
tolic velocity (E′) and peak early diastolic velocity/peak late 
diastolic velocity (E′/A′) ratio were significantly decreased 
while MPI was significantly prolonged compared to con-
trols. Moreover, TAPSE, S′, IVA, E′, E′/A′ and RV MPI 
were significantly correlated to LV GLS. For prediction of 
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CUSPH	� Cairo University Specialized Pediatric 
Hospital

DBP	� Diastolic blood pressure
DCM	� Dilated cardiomyopathy
DVD	� Digital versatile disc
ECG	� Electrocardiogram
EF	� Ejection fraction
ET	� Ejection time
FS	� Fractional shortening
GE	� General Electric
GLS	� Global longitudinal strain
ICT	� Isovolumic contraction time
IRT	� Isovolumic relaxation time
IVA	� Isovolumic acceleration
IVS	� Interventricular septum
LA	� Left atrium
LAD	� Left atrial diameter
LV	� Left ventricle
LVDD	� Left ventricular diastolic diameter
LVLW	� Left ventricular lateral wall
MAPSE	� Mitral annular plan systolic excursion
MHz	� Mega hertz
MPI	� Myocardial performance index
MR	� Mitral regurgitation
NT-pro-BNP	� The N-terminal-pro brain natriuretic 

peptide
NYHA	� New York Heart Association
PW	� Pulsed wave
ROC	� Receiver operating characteristic
RV	� Right ventricle
SBP	� Systolic blood pressure
SD	� Standard deviation
SPSS	� Statistical Package for Social Science
TAPSE	� Tricuspid annular plan systolic excursion
TDI	� Tissue Doppler imaging

Introduction

Dilated cardiomyopathy (DCM) is the most common form 
of cardiomyopathy in children; it is characterized by left 
ventricular (LV) dysfunction and dilatation with progres-
sive heart failure that may lead to death. [1, 2]. In routine 
echocardiographic examination of these patients, most of 
the studies focus mainly on the assessment of the LV func-
tion forgetting the right ventricle (RV), because of its com-
plex shape that prevents application of any geometrical 
assumption for its functional assessment. As the RV and the 
LV share the interventricular septum (IVS), their functions 
are closely linked together. The RV contains mainly trans-
verse muscle fibers in its free wall in addition to sharing 
oblique fibers in the IVS with the LV, thus LV contraction 
contributes in the RV contraction via the IVS, that is why 

assessment of RV function in these patients is of paramount 
importance [3]. Tissue Doppler imaging (TDI) is a modal-
ity that is present in most of available echocardiographic 
machines, it is used for assessment of the peak myocardial 
velocity and time, but this modality could be affected by 
the angle of ultrasound beams to the targeted myocardial 
wall in addition to being load dependent [4]. TDI could be 
also used for evaluation of isovolumic acceleration (IVA), 
the index of RV systolic function that may be load inde-
pendent [5]. Two dimensional speckle tracking echocar-
diography (2D-STE) is a relative novel imaging modality 
providing an objective and quantitative evaluation of global 
and regional myocardial deformation independently from 
the ultrasound beam angle and cardiac translational move-
ments, overcoming TDI limitations, yet it is limited by its 
low frame rates [6, 7].

The aim of this study was to evaluate the RV function 
in pediatric patients with idiopathic DCM using TDI, and 
to correlate it to the LV dysfunction evaluated by 2D-STE.

Patients and Methods

This is a prospective case–control study that was conducted 
on 32 pediatric patients who have been diagnosed as idi-
opathic DCM [8, 9]. Doppler velocities were measured for 
the mitral and tricuspid valves using apical four-chamber 
view; for the aortic valve using the apical five chamber 
view, and for the pulmonary valve using parasternal short-
axis view. The following Doppler parameters were meas-
ured: mitral peak E and A wave velocities. LV Tei index 
was calculated from pulsed wave (PW) Doppler as the 
sum of isovolumic contraction time (ICT) and isovolumic 
relaxation time (IRT) divided by ventricular ejection time 
(ET) (Tei = ICT + IRT/ET) [10], where cursor line was 
placed midway between anterior mitral leaflet and LV out-
flow in the same cycle [11], while RV Tei index was meas-
ured using this formula (a − b)/b, where “a” is the time 
between the end of A wave of tricuspid inflow to the begin-
ning of E wave of tricuspid inflow in the next cardiac cycle 
obtained by PW Doppler at tricuspid inflow at apical four 
chamber view, and “b” is the pulmonary ET obtained by 
PW Doppler at pulmonary valve in parasternal short axis 
view. To reduce the effect of respiration on blood veloci-
ties and as breath holding is not applicable in young chil-
dren, three cardiac cycles were recorded and the average 
velocity was measured. Color Doppler was used for detec-
tion and grading of mitral regurgitation (MR) by tracing 
the vena contracta and the regurgitant jet area relative to 
the left atrium (LA) area, regurgitation was graded as mild, 
moderate and severe. Tissue Doppler imaging (TDI): PW-
TDI was done, care was taken to increase the frame rate 
to be more than 180 frames/s (by decreasing sector width 
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and depth) to improve temporal resolution; moreover care 
was taken also to align the ultrasound beam parallel to the 
target wall during measurements (interrogation angle not 
more than 15°). To reduce the effect of respiration on tis-
sue velocities, three cardiac cycles were recorded and the 
average velocity and times were calculated. The follow-
ing parameters were measured: systolic (S′) and diastolic 
(E′, A′, E′/A′ ratio) myocardial velocities at the basal seg-
ments of the LV lateral wall (LVLW), septal wall, and RV 
free wall. Myocardial performance index (MPI, Tei index): 
intervals measurements were performed within one cardiac 
cycle. The Tei index was calculated as: Tei = (ICT + IRT)/
ET, for MPI of the RV PW-TDI tracing was applied at tri-
cuspid annulus, for LV using PW-TDI tracing was applied 
at the lateral mitral annulus and basal septum [12, 13]. 
IVA at tricuspid annulus, basal septum, LVLW in apical 
four chamber view, IVA = peak S1/acceleration time of S1 
(time from the start of S1 to the peak of S1) [5]. 2D speckle 
tracking echocardiography (2D-STE): 2D-STE was done 
for LV only (although it can be done for the RV using the 
LV software but we thought that the different geometry of 
the RV makes this method questionable). 2D images were 
obtained in the apical four chambers, apical long axis and 
apical two chamber views for measurement of longitudi-
nal deformation. Frame rates 60–90 Hz were used, because 
these rates are thought to be optimal for 2D-STE [14]. Data 
were stored; acceptable images from three cardiac cycles 
were digitally saved in cine loop format on the hard disc 
of the echo machine then exported to a digital versatile 
disc (DVD) then imported to a software installed on the 
computer [Echo PAC version 11, General Electric (GE)] 
for offline speckle-tracking analysis. Cardiac cycles with 
length more than 10% different from the mean length of 

the three cardiac cycles were excluded from further analy-
sis, manual tracking of the endocardial borders have been 
done. The timing of aortic valve closure was also manually 
determined. Care was taken to keep the heart rate in the 
same range in the stored loops. Tracking was accepted not 
only if the Echo PAC software showed adequate tracking, 
but also if the examiner’s inspection revealed good track-
ing throughout the cardiac cycle. Q analysis: 2D strain was 
used, global longitudinal strain (GLS) was measured using 
18 segments Bull’s eye as shown in Fig. 1.

Statistical Analysis

Statistical analysis was performed using Statistical Pack-
age for Social Science (SPSS, Chicago, Illinois, USA, ver-
sion 19). Data were tested for normality using Kolmogorov, 
Smirnov and Shapiro tests, normally distributed data were 
expressed as mean ± SD (standard deviation), non-normally 
distributed data were expressed as median and interquar-
tile range (25th and 27th percentiles), and categorical data 
were summarized as percentages. Comparisons between 
groups were calculated using: nonparametric Mann–Whit-
ney test for non-normally distributed data, Student’s T test 
for normally distributed data and χ2 test for categorical 
data. Correlation between variables was evaluated using 
Pearson and Spearman correlation coefficients. Receiver-
operating characteristic (ROC) curves for RV indexes were 
constructed for the prediction of severity of LV dysfunc-
tion among patients. The ROC curve was used to define 
the best cut-off point that gives the highest sensitivity and 
specificity. Graphs were done using MedCalc for Windows, 
version 15.0 (MedCalc Software, Ostend, Belgium). P-val-
ues <0.05 were considered significant.

Fig. 1   Bull’s eye of global longitudinal strain of left ventricle in a patient with dilated cardiomyopathy (left) compared to a normal child (right). 
Note the markedly reduced GLS in this patient. DCM dilated cardiomyopathy, GLS global longitudinal strain
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Results

Demographic and clinical characteristics of the studied 
population were shown in Table 1. 90% of patients were 
New York Heart Association (NYHA) II and III, and 
65.6% had MR grade II.

RV Function

The RV of our cohorts showed significant systolic and 
diastolic dysfunction compared to the controls as tricus-
pid annular plan systolic excursion (TAPSE), S′, IVA, E′ 
and E′/A′ ratio were significantly reduced in the patient 
group, on the other hand, Doppler derived MPI and TDI 
derived MPI were significantly prolonged compared 
to the controls (Table  2; Figs.  2, 3, 4). Moreover RV 
indexes; TAPSE, S′, IVA, E′, E′/A′ and MPI by TDI were 
correlated to GLS of LV while TAPSE was negatively 
correlated to the degree of MR (Table 4).

LV Function

The LV of the studied patients had systolic impair-
ment compared to the controls. The GLS was reduced 
in patients. Like GLS, the FS, ejection fraction (EF), 
MAPSE, S′ at basal septum, S′ at LVLW, IVA at the 
septum, IVA at LVLW all showed significant reduc-
tion (P < 0.0001). The diastolic function of LV was also 
impaired in cases compared to controls, as E′ at the sep-
tum, E′ at LVLW, showed significant decrease in cases 
(P < 0.0001), but the mitral E/average E′ (at the septum 
and LVLW) was significantly higher in patients denot-
ing elevated LV diastolic pressure and left atrial pressure 
and hence LV diastolic impairment. The MPI of patients 
showed significant prolongation in comparison to the 
control group for both Doppler derived MPI and TDI 
derived MPI (Table  3). The GLS was significantly cor-
related to LV systolic and diastolic parameters (Table 4).

ROC Curve Analysis

For prediction of severe LV dysfunction among patients, 
the area under the ROC curve was 0.98 for RV MPI, 
0.906 for RV IVA. For identifying severe LV dysfunc-
tion; RV MPI >0.29 had 100% sensitivity and 93.7% 
specificity, while the RV IVA ≤3 had 84.4% sensitivity 
and 90.6% specificity (Table 5; Fig. 5).

Discussion

The RV is usually forgotten during echocardiographic 
assessment of DCM patients. This is due to its complex 
shape that does not fit with any geometrical assumption, 
subsequently the majority of the studies was focusing 
on LV assessment. In the present study, we studied the 
right as well as the LV systolic and diastolic functions 

Table 1   Clinical data of the studied groups

Clinical data of the studied groups, as noted: the patient group and 
control were matched (P  >  0.05), 
BSA body surface area, SBP systolic blood pressure, DBP diastolic 
blood pressure
a Data are expressed as median and interquartile range (25th– 75th 
percentile)
β Data are expressed as mean ±SD

Patients (n = 32) Controls (n = 32) P values

Age (years)a 5 (2.3–8) 5.88 ±  3.92 0.67
Weight (kg)a 16.1 (10.88–22.98) 17.25 (14–20.75) 0.24
Height (cm)β 106.83 ± 20.92 116.32 ± 21.096 0.11
BSA (m²)β 0.71 ± 0.24 0.79 ± 0.293 0.24
Heart rateβ 103 ± 20 110 ± 18 0.74
SBP (mmHg)β 98 ± 15.12 94.2 ± 12.3 0.23
DBP (mmHg)β 58.50 ± 13.27 59 ± 11.8 0.35
Sex
 Male n (%) 19 (59.4%) 20 (62.5%) 0.79
 Female n (%) 13 (40.6%) 12 (37.5%)

Table 2   Right ventricular parameters of the studied groups

Right ventricular parameters of the studied groups, as noted: there is 
significant RV systolic and diastolic dysfunction in patients compared 
to control, as the RV systolic parameters (TAPSE, S′, IVA) and dias-
tolic parameters(E′, E′/A′ ratio) are markedly reduced while MPI is 
markedly prolonged in patient group
TAPSE tricuspid annular plan systolic excursion, IVA isovolumic 
acceleration, LW lateral wall, RV right ventricle, MPI myocardial per-
formance index, TDI tissue Doppler imaging
a Data are expressed as mean ± SD
b Data are expressed as median and interquartile range (25th, 75th per-
centile)

Patients (n = 35) Controls (n = 32) P values

TAPSE (mm)b 17 (15–19.75) 20.5 (18.25–23) 0.0001
S′ RV (cm/s)b 10 (8–13) 14 (13–17.5) <0.0001
IVA RV (m/s²)b 2 (1.5–3) 4.3 (3.8–5.2) <0.0001
E′ velocity RV 

(cm/s)a
11.59 ± 4.30 17.62 ± 3.09 <0.0001

A′ velocity RV 
(cm/s)a

10.06 ± 3.36 11.00 ± 2.46 0.208

E′/A′ ratio LW RVa 1.27 ± 0.59 1.65 ± 0.36 <0.01
RV MPI by Dopplerb 0.42 (0.30–0.60) 0.10 (0.06–0.18) <0.0001
RV MPI by TDIb 0.50 (0.43–0.60) 0.25 (0.22–0.27) <0.0001
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combining TDI and 2D-STE together with the conven-
tional echocardiographic parameters.

RV dysfunction among patients was evident in the pre-
sent study; we assume that RV dysfunction among this 
cohort is related to ventricular interaction or secondary to 
the disease itself that may affect both ventricles but in a dif-
ferent patterns.

Patient Characteristics

The DCM patients and controls were matching regarding 
age, sex, weight and body surface area (BSA) (Table  1). 
The heart rate didn’t show significant change between the 
two groups despite >90% of the patients were NYHA II 
and III and 65.6% of them had MR grade II. This finding 

might be due the effect of digoxin and carvedilol treatment 
on the heart rate.

Right Ventricular Function of the Studied Groups

The RV of our cohort had significant systolic dysfunction 
compared to controls, as TAPSE, S′ and IVA were reduced 
(Table  2), RV indexes among patients were significantly 
correlated to the LV GLS, this might be due the close link 
between LV and RV functions among this cohort. The 
RV has mainly transverse muscle fibers in its free wall in 
addition to sharing oblique fibers in the IVS with the LV, 
subsequently its contraction augments RV contraction; 
a condition defined as systolic ventricular interaction. 
The impaired LV systolic and diastolic functions in DCM 
together with MR lead to pulmonary venous congestion 
and pulmonary hypertension increasing the RV after load, 

Fig. 2   Box (whisker) plot for RV systolic velocity (S′, left) and RV early diastolic velocity (E′, right) in patients and control groups. The RV S′ 
and RV E′ are markedly reduced in patients compared to control. RV right ventricle

Fig. 3   Box (whisker) plot for RV IVA in patients and control groups. 
Note the markedly reduced RV IVA in cases compared to control. RV 
IVA right ventricular isovolumic acceleration

Fig. 4   Box (whisker) plot for TDI derived RV MPI in patients and 
control groups. Note the marked prolongation of RV MPI in cases 
compared to control. TDI tissue Doppler imaging, RV right ventricle, 
MPI myocardial performance index
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thus making RV contraction more dependent on the oblique 
septal fibers which are mechanically more efficient than the 
free wall transverse fibers. As the global LV deformation 
is markedly diminished (including the IVS containing these 
oblique fibers) this leads to decreased systolic ventricular 
interaction, and reduction of RV deformation. Moreover, 
as the LV acquires more spherical shape, the septal fibers 
become less oblique decreasing their mechanical efficiency 
with more and more deterioration of RV deformation [3].

The RV diastolic function in our cohort was also 
impaired compared to controls, also RV E′ velocity and RV 
E′/A′ ratio were significantly correlated to LV GLS con-
firming the interrelation between both ventricles. These 

findings could be interpreted as the IVS is in common 
share, RV systolic dysfunction leads to increase in RV dias-
tolic pressure and LV dilatation might compress the RV 
cavity reducing the filling of RV and hence adding to the 
elevation of end diastolic pressure and diastolic dysfunction 
[3, 15, 16].

The RV MPI either measured by TDI or conventional 
Doppler was significantly prolonged in cases compared to 
controls. Previous publications reported similar findings 
[3, 16]. Interestingly, the TDI derived RV MPI could dis-
criminate between patients and normal individuals with a 
very high sensitivity (100%) and specificity (93.6%) with a 
cut-off value >0.29, with significant correlation to LV GLS, 

Table 3   Left ventricular 
parameters of the studied 
groups

Left ventricular parameters of the studied groups, as shown the LV of patients has significant systolic and 
diastolic dysfunction, as MAPSE ,EF ,FS , GLS , IVA , S’,E’, E’/A’ ratio are significantly decreased while 
MPI is significantly increased in patients compared to control 
GLSglobal longitudinal strain, FS fractional shortening, EF ejection fraction, LVDD left ventricular dias-
tolic diameter, LAD left atrial dimension, MAPSE mitral annular plane systolic excursion, IVA isovolumic 
acceleration, LV left ventricle , LW  lateral wall, MPI myocardial performance index, TDI tissue Doppler 
imaging
a Data are expressed as median and interquartile range (25th, 75th percentile)
b Data are expressed as mean ±SD

Parameters Patients (n = 32) Controls (n = 32) P values

M-mode parameters
 FS (%)a 20 (16 to 23) 37 (35 to 42) <0.0001
 EF (%)a 40 (33 to 45) 68 (65 to 74) <0.0001
 LA diameter (cm)a 2.9 (2.62 to 3.35) 2.2 (2 to 2.40) <0.0001
 LVDD (cm)b 5 ± 0.68 3.49 ± 0.61 <0.0001
 MAPSE septum (mm)a 6 (5 to 8) 11 (10 to 12) <0.0001
 MAPSE LVLW (mm)a 7 (5 to 9) 11 (10 to 13) <0.0001

STE/TDI systolic parameters
 GLSa −11.5 (−7.12 to −14.38) −22.8 (−20.42 to −24.68) <0.0001
 S′ septum (cm/s)a 4.5 (4 to 5) 8 (7 to 9) <0.0001
 S′ LVLW (cm/s)a 4 (3 to 5.75) 9 (8 to 10) <0.0001
 IVA septum (m/s²)a 1.1 (0.9 to 1.4) 3.2 (2.5 to 3.8) <0.0001
 IVA LVLW (m/s²)a 0.8 (0.6 to 1.4) 2.6 (1.9 to 3.2) <0.0001

Diastolic parameters
 E mitral (cm/s)b 88.2 ± 28.70 100.8 ± 12.84 0.001
 A mitral (cm/s)b 49.47 ± 18.52 57.78 ± 10.25 <0.05
 E/A mitrala 1.87 (1.35 to 2.42) 1.8 (1.6 to 194) 0.314
 E′ septal (cm/s)b 6.97 ± 2.33 13.60 ± 2.46 <0.0001
 A′ septal (cm/s)a 4 (4 to 5.75) 7 (6 to 8) <0.0001
 E′/A′ septalb 1.60 ± 0.70 2 ± 0.56 <0.05
 E′ LW (cm/s)a 7 (4.25 to 10) 16 (15 to 18) <0.0001
 A′ LW (cm/s)a 4 (3 to 5) 7 (6 to 8) <0.0001
 E′/A′ laterala 1.67 (1 to 2.62) 2.33 (1.8 to 2.67) <0.05
 Average E′ (cm/s)a 7 (5.12 to 8.88) 14.75 (13.12 to 16.5) <0.0001
 Mitral E/average E′a 12.95 (8.46 to 17.28) 6.61 (6.14 to 7.64) <0.0001

Tei index
 MPI by Dopplera 0.60 (0.50 to 0.80) 0.20 (0.12 to 0.28) <0.0001
 MPI by TDIa 0.64 (0.60 to 0.80) 0.31 (0.27 to 0.35) <0.0001
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so this index might be used on routine echocardiographic 
evaluation in such patients.

Most of the RV parameters like TAPSE, S′, E′, A′ veloci-
ties are load dependent varying with respiration and differ-
ent loading conditions, unlike IVA which is load independ-
ent. IVA in our cohort was significantly correlated to LV 

GLS with a high sensitivity (84.4%) and specificity (90.6%) 
for prediction of LV dysfunction, hence it is useful in RV 
systolic function assessment.

LV Dysfunction

As previous published data, the LV of our cohort were 
significantly dilated with impaired systolic function as 
assessed by conventional parameters like FS, EF and 
MAPSE. These parameters represent the longitudinal 
shortening of LV and easy sensitive tools of LV systolic 
function [17–19]. Moreover FS and MAPSE were signifi-
cantly correlated to LV GLS assessed by 2D-STE.

TDI LV S′ velocity at both septum and lateral walls as 
well as IVA were significantly reduced in patients and cor-
related to LV GLS [15, 20]. 2D-STE derived LV GLS can 
evaluate the regional and global myocardial deformation 
overcoming the limitations of the conventional methods 
and TDI derived velocities and strain. In our cohort, LV 
GLS were significantly reduced with very high sensitivity 
and specificity and significantly correlated to LV systolic 
parameters measured by conventional methods and TDI, 
similarly to published data [2, 21].

Our studied patients had significant diastolic dysfunc-
tion with elevated LV diastolic pressure compared to con-
trols, moreover the GLS was correlated to E′ velocity at 
the septum and LVLW. This finding might be explained by 
systolic contribution to diastolic function through diastolic 
recoil of the myocardium from tension stored in systole. 
During systole, the myocardium twists and shortens, during 
diastole, rapid lengthening and untwisting creating suction 
force enhancing early filling, so diastole is dependent on 
the systole. Moreover systole is dependent on diastole and 
ventricular filling through the Frank–Starling mechanism. 
Therefore, assessment of the relation between systolic and 
diastolic dysfunction may be of paramount importance than 
evaluation of each function in isolation [22–25].

Table 4   Correlation between LV and RV parameters

Correlation between LV and RV parameters, as shown: the GLS of 
LV has significant correlation with RV systolic and diastolic param-
eters denoting the ventricular interaction, also GLS is significantly 
correlated to LV systolic and diastolic parameters
GLS global longitudinal strain, FS fractional shortening, TAPSE tri-
cuspid annular plane systolic excursion, RV right ventricle, MAPSE 
mitral annular plane systolic excursion, MR mitral regurgitation, LV 
left ventricle, LW lateral wall, TDI tissue Doppler imaging. MPI myo-
cardial performance index, IVA isovolumeic acceleration

Correlated parameters Correlation coef-
ficients

P values

GLS
 RV systolic parameters
  TAPSE −0.675 <0.0001
  IVA RV −0.337 0.05
  S′ RV −0.631 <0.0001

 RV diastolic parameters
  RV E′ −0.572 0.001
  RV E′/A′ −0.378 <0.05

 RV MPI by TDI 0.438 0.01
 LV systolic parameters
  LVLW S′ −0.701 <0.0001
  FS −0.657 <0.0001
  MAPSE −0.796 <0.0001

 LV diastolic parameters
  LVLW E −0.578 <0.0001
  LV E septum −0.657 <0.0001

 LV MPI at LW by TDI 0.533 <0.01
TAPSE
 MR degree −0.397 <0.05

Table 5   ROC curve analysis of 
RV and LV parameters

ROC curve analysis of RV and LV parameters showing the higher sensitivity and specificity of RV IVA, 
RV MPI, and LV GLS for prediction of LV dysfunction
ROC receiver operating characteristic, TAPSE tricuspid annular plane systolic excursion, RV right ventri-
cle, LV left ventricle, IVA isovolumic acceleration, MPI myocardial performance index, TDI tissue Doppler 
imaging, AUC area under the curve, GLS global longitudinal strain

Sensitivity (%) Specificity (%) Cut-off values AUC (95% confi-
dence interval)

P values

TAPSE 62.5 87.5 ≤17 0.74 (0.62–0.84) <0.001
S′ RV 71.9 90.6 ≤12 0.87 (0.76–0.94) <0.0001
IVA RV 84.4 90.6 ≤3 0.91 (0.82–0.97) < 0.0001
E′ RV 71.9 87.5 ≤14 0.86 (0.75–0.93) <0.001
MPI(TDI) 100 93.7 >0.29 0.98 (91.6–0.99) <0.0001
GLS 96.9 100 >−18.1 0.99 (94–1.00) <0.0001
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Conclusion

In pediatric DCM patients, RV had significant systolic 
and diastolic dysfunction mainly elicited by TDI beside 
LV affection secondary to the interventricular interac-
tion. TDI and 2D-STE add value on interpreting the find-
ings and the dependency of LV systolic and diastolic 
functions on each other in DCM patients in children. 
RV assessment using TDI and LV evaluation using TDI 
and 2D-STE should be part of routine echocardiographic 
examination in pediatric DCM patients.

Study limitations

The main limitations of the study were; (1) all patients 
were on anti-failure measures, so we couldn’t test the 
effect of treatment on cardiac function, (2) most of our 
studied cases had not tricuspid regurgitation or the regur-
gitation jet had poor signal, so evaluation of pulmonary 
arterial pressure was difficult, and (3) the N-terminal-pro 
brain natriuretic peptide (NT-pro-BNP) wasn’t assessed 
and might be of value to correlate with the echocardio-
graphic findings.
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