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ABSTRACT 
 

Background: dysfunction is associated with adverse outcomes in patients with congenital heart 
disease. RV adaptation to disease is complex and depends on many factors. 2D Speckle tracking 
echocardiography is an angle-independent technique that may allow an accurate assessment of 
segmental myocardial deformation. 
Aims: The aim of the work is to assess right ventricular function in patients with congenital left to 
right shunt (ASD) pre and 3 month post device closure using. 
Patients and Methods: 31 patients were enrolled in the study, comparison was held between the 
group and itself before and 3 month after device closure. ESPAP measurement via TR jet also 
Tricuspid annular. Global longitudinal Strain of RV free wall and septum were measured by 2D 
STE. 
Results: Volume overload on RV and according to Frank Starling law leads to increased 
contractility provided that function is preserved, so volume load in ASD cases leads to increased 
deformation and deformation rate values as evidenced in significant reduction of strain and strain 
rate values after volume load elimination. Strain and strain rate values gained via 2D speckle 
tracking echocardiography are load dependent parameter of contractility as evidenced in this study 
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testing RV performance under both pressure and volume load. The value of these parameters of 
contractility assessment comes from their ability to detect subtle changes in mechanics and 
deformation that are not easily detected by conventional measures. 
Conclusion: Myocardial deformation imaging is a novel echocardiographic tool for evaluation of 
global and regional myocardial function that can be applied to the RV for assessment of its 
longitudinal deformation by 2DE. 2D-STE derived strain and strain rate is a good method to 
exclude the effect of tethering and translational motions. RV responds to volume load by increasing 
its deformation and deformation rate provided that contractile function is preserved. 
 

 
Keywords: Right ventricular function; 2D speckle tracking echocardiography; atrial septal defect. 
 

1. INTRODUCTION 
 

For decades, the right ventricle (RV) has been 
considered ‘dispensable’ for cardiac Function 
and consequently ignored. The introduction of 
the Fontan procedure for complex congenital 
heart disease in 1968, a technique that directly 
connects the right atrium to the pulmonary artery, 
thus ‘bypassing’ the RV, cemented this belief. 
Only in the second half of the past century, after 
recognizing its key role in various physiological 

[1] and pathological conditions, [2–5] the RV 
regained attention. 
 

The RV performance defines prognosis in 
patients with congenital heart disease [2]. In this 
population group, the RV may be subjected to 
either volume (atrial septal defect, pulmonary, 
and/or tricuspid regurgitation) or pressure 
overload (pulmonary stenosis, atrial switch 
operations, congenitally corrected 
transpositions). 
 

Assessing RV morphology and function is of 
paramount importance in acquired diseases as 
well. The RV has a great impact on the prognosis 
of patients with pulmonary hypertension, 
myocardial infarction involving the RV, and left 
ventricular (LV) dysfunction [5,6]. 
 

Echocardiography, being non-invasive, widely 
available, relatively inexpensive, and having no 
side effects, is the modality of choice for the 
assessment of morphology and function of the 
RV in clinical practice. Recent developments 
have provided several new methods for 
analyzing the RV, each having advantages and 
disadvantages. Doppler myocardial imaging 
(DMI), speckle tracking, or 3D echocardiography 
(3D Echo) are some of the techniques that may 
now add to a better understanding of RV 
function. 
 

2. PATIENT AND METHODS 
 

This study was carried out in Tanta university 
hospital echocardiographic and catheterization 

laboratories from March 2019 to October 2020 
on 31 patients with congenital ASD. They were 
enrolled in the study after obtaining their written 
informed consent themselves or their parents, 
and approval of Ethics Committee of Tanta 
University. 
 

2.1 Inclusion Criteria 
 

- Patient with congenital ASD. 
- Single shunt lesion patients (i:e exclusion 

of patients withcombined lesions that alter 
haemodynamics). 

- Signs of RV volume overload. 
 

 Dilated RV 

 Impaired RV function 

 Tricuspid regurgitation 

 Diastolic flattening of interventricular 
septum "D-shaped" 

 

- Significant left to right shunt (Q p / Q s >2). 
 

2.2 Exclusion Criteria 
 

- Inadequate atrial septal rims. 
- Proximity of the defect to atrioventricular 

valves or coronary sinuses. 
- Pulmonary vascular resistance greater 

than 6 woods. 
- Other concomitant congenital heart 

disease. 
- Other concomitant valvular heart disease. 
- Other concomitant coronary artery 

disease. 
- Arrythmias. 

 

2.3 All Selected Patients Undergone 
 

- Full history taking:  
- Full clinical examination both general and 

local: 
- Twelve-lead surface ECG: 
- Plain chest X-ray: 
- Routine laboratory investigations: 



2.4 Statistical Analysis 
 

Statistical presentation and analysis 
of the present study was conducted, 
 

3. RESULTS 
 

Table 1. Comparison between the Echo parameters pre and 3 months post device implantation
 

ECHO Pre 
Conventional  
ESPAP  
Min. – Max. 20.0 – 35.0
Mean ± SD. 27.55 ± 
Decrease 6.84 ± 2.46
LVEF  
Min. – Max. 65.0 – 82.0
Mean ± SD. 72.94 ± 
Increase 1.81 ± 2.91
TAPSE  
Min. – Max. 12.0 – 17.0
Mean ± SD. 14.40 ± 
Increase 5.32 ± 0.83
RVEDD  
Min. – Max. 21.0 – 35.0
Mean ± SD. 27.19 ± 
Decrease 8.73 ± 1.71

t: Paired t-test; p: p value for comparing between pre and 3 months; *: Statistically significant at p 
 

 

Fig. 1. Comparison between the ESPAP pre and 3 months post device implantation
 

 
Fig. 2. Comparison between the LVEF pre and 3 months post device implantation
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tion and analysis                         
of the present study was conducted,                       

using the mean, standard deviation 
and chi-square test by SPSS 
V.16. 

Comparison between the Echo parameters pre and 3 months post device implantation

3 months t 
  
  

35.0 15.0 – 29.0 15.451
± 3.17 20.71 ± 3.24 
2.46  

  
82.0 66.0 – 82.0 3.451

*
 

± 4.64 74.74 ± 4.78 
2.91  

  
17.0 17.20 – 22.60 35.580
± 1.54 19.72 ± 1.58 
0.83  

  
35.0 15.0 – 22.0 28.383
± 2.83 18.46 ± 2.47 
1.71  

test; p: p value for comparing between pre and 3 months; *: Statistically significant at p 

 

Comparison between the ESPAP pre and 3 months post device implantation

 

Comparison between the LVEF pre and 3 months post device implantation
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using the mean, standard deviation                               
square test by SPSS                                      

Comparison between the Echo parameters pre and 3 months post device implantation 

p 
 
 

15.451* <0.001* 

 
 

 0.002
*
 

 
 

35.580* <0.001* 

 
 

28.383
*
 <0.001

*
 

 
test; p: p value for comparing between pre and 3 months; *: Statistically significant at p ≤ 0.05 

Comparison between the ESPAP pre and 3 months post device implantation 

Comparison between the LVEF pre and 3 months post device implantation 



 
Fig. 3. Comparison between the TAPSE pre and 3 months post device implantation

 
Fig. 4. Comparison between the RVEDD pre and 3 months post device implantation

 
Table 2. Comparison between global longitudinal strain 

 
GLS Pre 
Min. – Max. 17.50 – 
Mean ± SD. -19.26 ± 1.12
Increase 4.96 ± 1.27

t: Paired t-test; p: p value for comparing between pre and 3 months

 

 
Fig. 5. Comparison between global longitudinal strain 
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Comparison between the TAPSE pre and 3 months post device implantation
 

 

Comparison between the RVEDD pre and 3 months post device implantation

Comparison between global longitudinal strain (GLS) pre and 3 months post device 
implantation 

3 months t 
 21.50 22.10 – 26.90 35.580

19.26 ± 1.12 -24.23 ± 1.40 
1.27  

p: p value for comparing between pre and 3 months; *: Statistically significant at p 

 

Comparison between global longitudinal strain (GLS) pre and 3 months post device 
implantation 
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Comparison between the TAPSE pre and 3 months post device implantation 

Comparison between the RVEDD pre and 3 months post device implantation 

GLS) pre and 3 months post device 

p 
35.580

*
 <0.001

*
 

 
*: Statistically significant at p ≤ 0.05 

3 months post device 
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4. DISCUSSION AND CONCLUSION 
 
The present study was designed to evaluate right 
ventricular function in a category of patients of 
congenital heart disease in whom RV function is 
of paramount importance regarding morbidity 
and mortality, those having congenital Lt to Rt 
shunt before and after transcatheter device 
closure of their shunts. 
 
The present study demonstrated that the RV 
shows subtle adaptive changes of its mechanics 
in congenital heart defects associated with 
changes in its loading conditions whether volume 
or pressure load, which can be identified by 2D 
Speckle Tracking Echocardiography (2D STE). 
This technique permits the detection of early 
changes in RV function in different loading 
conditions. 
 
RV afterload represents the load that the RV has 
to overcome during ejection. Compared with the 
LV, the RV demonstrates a heightened sensitivity 
to afterload changes [7,8]. Although in clinical 
practice, pulmonary vascular resistance (PVR) is 
the most commonly used index of afterload, PVR 
may not reflect the complex nature of ventricular 
afterload. A more complete model would ideally 
take into account the static and dynamic 
components of pulmonary vascular impedance 
as well as potential valvular or intracavitary 
resistive components [9]. 
 
RV preload represents the load present before 
contraction. Within physiological limits, an 
increase in RV preload improves myocardial 
contraction on the basis of the Frank-Starling 
mechanism. Beyond the physiological range, 
excessive RV volume loading can compress the 
LV and impair global ventricular function through 
the mechanism of ventricular interdependence 
[10]. Compared with LV filling, RV filling normally 
starts before and finishes after. RV isovolumic 
relaxation time is shorter, and RV filling velocities 
(E and A) and the E/A ratio are lower. The 
respiratory variations in RV filling velocities are, 
however, more pronounced [11,12]. Many factors 
influence RV filling, including intravascular 
volume status, ventricular relaxation, ventricular 
chamber compliance, heart rate, passive and 
active atrial characteristics, LV filling, and 
pericardial constraint [13]. The filling period is 
also an important determinant of ventricular 
preload and function.  
 
Reduced RV deformation is not synonymous with 
myocardial injury in the context of marked 

changes in afterload, this concept was the basis 
of the study design by Simon et al. [14], in which 
controls were compared with two groups of 
patients with pulmonary hypertension, those with 
or without RV failure as defined by elevated right 
atrial pressures on cardiac catheterization. RV 
free wall strain decreased progressively from 
controls to those with elevated pulmonary 
pressures and then further to those with 
concomitant RV failure. 
 
In the present study and as goes with frank 
starling law, increase in preload within limits (i:e 
to the limit not inducing myocardial dysfunction), 
improves contractility and thus deformation and 
deformation rate as evidenced in ASD cases in 
whom, values of strain and strain rate both 
global, segmental and cumulative RV free wall 
decreased significantly after ASD device closure 
returning to their normal values after eliminating 
volume load. 
 
In our study which performed on 31 patients ASD 
(8.18 ±3.63 mean age) who presented with 
different complains as dyspnea, recurrent chest 
infection and low weight for age by conventional 
echocardiography and 2D speckle tracking 
echocardiography before and 3 months after 
percutaneous closure. There is no significant 
changes in LVEF before (72.94 ±4.64) and after 
(74.74 ±4.78). 
 
On other hand there is significant changes in 
RVEDD which decreased markedly after closure 
(27.19 ± 2.83 mm to 18.46 ± 2.47 mm, p<0.001). 
 
Tricuspid annular plane systolic excursion 
(TAPSE) also affected which increased after 
closure (14.40 ± 1.54 mm to 19.72 ± 1.58mm, p 
< 0.001). 
 
There is significant decrease in end systolic 
pulmonary artery pressure (ESPAP) after closure 
(27.55 ± 3.17mmhg to 20.71 ± 3.24mmgh, p 
<0.001). 
 
There is a statistically significant difference 
between global longitudinal strain (GLS) pre and 
3 months post device implantation (-19.26 ± 1.12 
to -24.23 ± 1.40, p <0.001). 
 

5. RECOMMENDATIONS 
 
The present study recommends: 
 

- Future studies dealing with a large number 
of patients are needed to verify the above 
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results and to throw more light onto this 
important issue. 

- It is better that, patients should be 
homogenized according to age and shunt 
fraction. 

- 2D-STE should be considered as an 
essential part of routine echocardiography 
in congenital heart disease patients to 
verify subtle changes in contractility and 
function of RV that proved association with 
morbidity and mortality of these patients. 

- More effort should be exerted in the near 
future to solve the technical problems and 
pitfalls of the strain and strain rateimaging. 
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