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Introduction
Atrial septal defect (ASD) is an abnormal opening in 
the muscular wall separating the left and right upper 
chambers (atria) of the heart. ASD accounts for 10% of 
all congenital heart diseases as it is detected in 1 child per 
1500 live births.1 The ostium secundum ASD (type II) 
located in the area of the fossa ovalis is the commonest 
type of ASD, accounting for almost 75% of cases.2

Mitral valve prolapse (MVP) is the commonest anomaly 
of the mitral valve apparatus. It is defined as the superior 
systolic displacement of mitral leaflets ≥2 mm above 
annulus with coaptation point at, or superior to the 
annular plane. There is increasing evidence that relates the 
presence of MVP to ASD type II with significant volume 
overload. The incidence reported for the association 
between both lesions is 40%-45%.3

Several postulations have been made to explain this 
association with no general consensus reached as of yet. 
Most studies point towards the distortion in LV geometry 
as a result of compression by remodeled RV from 
prolonged volume overload.4

Right ventricular eccentric remodeling is a well-known 
complication of ASD type II, accounting for most of its 
chronic complications. The dilated RV also compresses 
the LV leading to its distortion and that of its incorporated 
mitral valve apparatus leading to MVP.5

Right ventricular remodeling, once thought to be a late 
event after ASD Transcatheter closure, seems to occur 
earlier than expected; within few hours after ASD closure. 
However, a major drawback of 2D Echocardiography is 
that it depends for RV volumes calculations on a geometric 
assumption which may give the impression of a delayed 
reverse remodeling after Transcatheter ASD closure.6

Cardiac MRI remains the standard method for 
assessment of RV and LV volumes; however, since 2010 
increasing evidence point towards low variability between 
3D derived and CMR volumetric assessment of LV and 
RV.7 

The aim of this study is to assess the status of MVP after 
Transcatheter closure of ASD type II and to determine 
whether or not reverse biventricular remodeling can be 
correlated with MVP status. 
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Abstract
Introduction: Mitral valve prolapse (MVP) is the most common anomaly of the mitral valve. Several 
studies have shown prevalence of MVP in atrial septal defect (ASD) especially secundum types (II). The 
aims of this study is to show the potential role of 3D echocardiography in improving the diagnosis of 
MVP and to depict the relationship between reverse remodeling of the right and left ventricles (RV, LV) 
and MVP after transcatheter closure of ASD II. 
Methods: Sixty patients underwent transcatheter closure of ASD II and completed follow up by 2D and 
3D echocardiography in Cairo University Children Hospital before the procedure and at 24 hours, 1 
and 6 months after the procedure.
Results: 3D echocardiography was more accurate than 2D echocardiography in detecting MVP 
frequency in ASD II patients (75% vs. 50%). Maximum statistically significant remodeling was 
detected by 3D echocardiography 1 month after the procedure (RV: LV ratio by 3D echocardiography 
1.9±0.03 24 hours after the procedure vs. 1.6±0.03 1 months after the procedure, P < 0.01) while 2D 
echocardiography was delayed in detecting biventricular reverse remodeling. 3D derived RV: LV ratio 
was accurate in detecting MVP status with a sensitivity of 88%. 
Conclusion: MVP in ASD II may be related to Biventricular remodeling; 3D echocardiography is 
accurate in the detection of reverse remodeling as well as MVP in ASD II patients before and after 
device closure. 
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Materials and Methods
Study subjects
Sixty-four patients with ASDs indicated for closure 
according to guidelines8 and follow up in Congenital Heart 
Disease Clinic of Cairo University Children Hospital and 
Benha University Children Hospital between January 2016 
and January 2018 were enrolled for the study. Sixty-two 
patients had successful device closure and were included 
in the study. All patients underwent trans-esophageal 
echocardiography (TEE) to assess their suitability for 
the device closure. Transcatheter closure of ASD was 
performed using an appropriately sized Amplatzer-type 
septal occluder device [St Jude] (also used Occlutech Septal 
Occluder) in catheter laboratory under TEE guidance. 
Two patients had lost to follow-up. Sixty patients had 
completed the study including 1 and 6-months follow-
up. Patients with depressed right and/or left ventricular 
function, severe valvular disease, chronic obstructive 
pulmonary disease, cardiomyopathy, and residual shunt 
after percutaneous closure and patients with significant 
rhythm and conduction disturbances (atrial flutter, atrial 
fibrillation, atrioventricular [AV] block, and left bundle 
branch block) were also excluded. 

Study Methods
Transthoracic echocardiography was performed before 
ASD closure, 24 hours, 1 month and 6 months after ASD 
closure as follows:

2D echocardiography was digitally acquired using a 
standard protocol. RV/LV ratios were obtained offline 
from the apical 4 chamber view at end-diastole and end-
systole, the basal diameter of RV and LV basal diameters 
were obtained to calculate the respective end –diastolic 
and end-systolic RV:LV ratios using the same adopted 
technique by Akula et al.9

Presence or absence of MVP was assessed according to 
standard definition by 2D and 3D echocardiography; three-
dimensional billowing height with a cutoff value of 1.0 
mm and billowing volume with a cutoff value 1.15 mL was 
considered diagnostic of MVP by 3D echocardiography.10

3D echocardiography
Transthoracic examination was carried out with the 
patient lying in the left lateral recumbent position. 
Echocardiographic images were stored digitally for offline 
analysis using Tom Tec software (Tom Tec Imaging 
Systems, Germany). On the basis of the initial view 
adjustment and the landmarks, the software automatically 
calculated the RV and lv end–diastolic and end-systolic 
volumes which were used to calculate the respective end-
diastolic and end-systolic RV:LV volume ratio.11

Statistical Analysis
Data were analyzed using IBM© SPSS© Statistics version 
23 (IBM© Corp., Armonk, NY, USA). 

Normally distributed numerical variables were 

presented as mean and SD; inter-group differences were 
compared using the unpaired t test. Paired comparisons 
for normally distributed numerical data were done using 
the paired t test. Categorical variables were presented as 
number (%). Receiver-operating characteristic (ROC) 
curve analysis was used to examine the value of 3D and 
2D derived RV: LV ratio in predicting MVP status one 
month after the procedure. A P value <0.05 was considered 
statistically significant

Results
Transcatheter closure of ASD type II was performed on 
60 patients, with an average hospital stay of 26 ± 2 hours 
with 0% mortality. All patients had one device implanted; 
Amplatzer Septal Occluder in 50% of patients, and 
Occlutech septal Occluder in the rest of patients. 

The baseline clinical, demographic and echocardiographic 
data of the patients were listed in Table 1. Table 2 shows the 
MVP status and RV: LV ratio by 2D and 3D echocardiography 
in patients at 4 instances: before the procedure, 24 hours, 1 
month and 6 months later. Maximum reduction (15%) in 
RV: LV ratio by 3D echocardiography has been depicted 1 
month after the procedure while the same 15% has been 
detected by 2D Echocardiography after 6 months of the 
procedure. 

Discussion 
ASD type II is the third commonest congenital heart 
disease and the commonest congenital heart disease 
persisting into adulthood. The longstanding left to 
right shunt through this defect during diastole causes 
significant RV remodeling. The RV progressively distends 
causing bowing of the interventricular septum to the left 
and subsequent shrink of the LV. This mechanism has 

Table 1. Clinical, demographic and echocardiographic characteristics of 
study subjects

Variables Study subjects
(n=60)

Age (y) (Mean±SD) 5±1.2

Male: female ratio 1:2

Heart rate (bpm) (Mean±SD) 124±10

BSA (m2) (Mean±SD) 0.89±0.12

Size of ASD II by 2D transthoracic 
echocardiography 16.6 ± 2.1

Size of ASD II by TTE 16.8±2.2

Percentage of patients with mitral valve prolapse 
(%) by 3D echocardiography 75%

Percentage of Patients with mitral valve prolapse 
(%) by 2 D Echocardiography 50%

Abbreviations: ASD II, Ostium secundum atrial septal defect; BPM, 
beats per minute; BSA, body surface area; n, number; SD, standard 
deviation; 2D, two-dimensional; 3D, three dimensional.
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been regarded as the cause of the common association 
(45%) between MVP and ASD type II.12

In our study subjects, the prevalence of MVP among 
ASD type II patient was higher than previously reported 
(75%) when assessed by 3D echocardiography. This 
may be due to more accurate assessment of prolapsing 
segments by 3D echocardiography. This may reflect that 
the prevalence of MVP among ASD type II patients may 
be underestimated.13 This also reflects the need for 3D 
reconstruction for accurate assessment of MVP status in 
ASD type II patients. 

Transcatheter device closure has become the standard 
method for closure of ASD type II. Its low profile of 
postoperative complications gives it the upper hand over 
closed heart surgery. In our study subjects the 60 patients 
undergoing the procedure had no reported complications 
with an average duration of hospital stay of 26±2 hours 
which is greatly below the expected duration of hospital 
stay after surgical closure of ASD type II.14

There is conflicting data on the duration needed 
for gradual reverse remodeling of RV in patients after 
Transcatheter closure of ASD type II. Many papers 
have focused on this issue from different aspects. These 
aspects included the hemodynamic status15 as well as 
electrocardiographic,16,17 functional,18–22 and volumetric 
reverse remodeling23–26; none of which have correlated 
remodeling to MVP status. 

Du et al25 suggested that maximum noticeable reverse 
remodeling occurs 1 month after Transcatheter closure 
of ASD type II while Santoro et al23 and Yılmazer et al26 
noted earlier reverse remodeling within 24 hours after the 
procedure. 

In our study subjects, 2D Echocardiography failed to 
show reverse remodeling within 24 hours after device 
closure, this is contradictory to both Santoro et al23 

and Yılmazer et al26 which both succeeded in showing 
reduction in RV dimensions by 2D echocardiography. 
This may be attributed to the larger size of defects in our 
patients (16.6 ± 2.1) compared to Yılmazer et al (12.24±5). 
The different size of ASD type II has been reflected as 
well on the average RV: LV ratio whether by 2D or 3D 
echocardiography which was pretty higher in our study 
group.

3D echocardiography at end systole showed an early 
significant remodeling 24 hours after device closure. 
However, maximum remodeling has been depicted by 3D 
echocardiography 1 month after the procedure, while by 
2D Echocardiography maximum statistical significance of 
remodeling has been shown at 6-month post closure. This 
lag between results of 3D and 2D Echocardiography may 
be attributable to the tendency of 2D Echocardiography to 
overestimate ventricular dimensions.27 

Another striking finding in our study was the 
discrepancy between the remodeling extent observed at 
end-systole and that seen at end-diastole. End-diastolic 
volumes by 3D echocardiography did not show significant 
reverse remodeling at either 24 hours post-catheterization 
or after 1 month; to our knowledge our series is the first 
to examine the reverse remodeling after ASD type II 
Transcatheter closure at end-systole. An increasing body 
of evidences in other pathological contexts, point to the 
fact that reverse remodeling starts at end-systole due to 
improvement of contractile function of the heart following 
the abolishment of either volume or pressure load.28

To our knowledge this is the first paper to determine 
the status of MVP following transcatheter ASD closure 
and to correlate it to Biventricular reverse remodeling. 
In our patients, significant agreement has been depicted 
between results of biventricular remodeling as measured 
by 3D RV: LV ratio and MVP status. None of our patients 

Table 2.  Follow up of 2D and 3D derived RV: LV ratios after transcatheter ASD II closure

Before 
closure

24 hours after 
transcatheter 

closure 

1 month after 
transcatheter closure

6 months after 
transcatheter 

closure 

P 
valuea 

P 
valueb P valuec 

2D end-systolic RV: LV ratio
(Mean ± SD) 2.7±0.09 2.6±0.03 2.6±0.02 2.1±0.05 NS NS <0.01

2D end-diastolic RV: LV ratio
(Mean ± SD) 3.1±0.03 3.1±0.04 3±0.05 3±0.04 NS NS NS

3D end-systolic RV:LV ratio
(Mean±SD) 2.2±0.05 1.9±0.03 1.6±0.03 1.5±0.02 0.04 <0.01 NS

3D end-diastolic RV: LV ratio
(Mean±SD) 2.5±0.04 2.4±0.04 2.3±0.03 2.1±0.02 NS NS <0.01

Percentage of patients with 
MVP by 3D echocardiography, 
%(n) 

75 (45) 75 (45) 45 (27) 40 (24) NS <0.01 NS

Abbreviations: ASD II: ostium secundum atrial septal defect;  LV, left ventricle; MVP, mitral valve prolapse; n (number); RV, right ventricle; 2D, two-
dimensional; 3D, three dimensional.
aP value: Comparison between before closure and 24 hours after closure. 
bP value: Comparison between 24 hours after closure and 1 month after closure. 
cP value: Comparison between 1 m after closure and 6 months after closure. 
P Value<0.05 was considered statistically significant.
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have shown any change in MVP status 24 hours after 
the procedure. While 1 month after the procedure 30% 
of patients showed resolution of MVP, this was also the 
point at which the maximum change in RV LV ratio by 3D 
echocardiography has occurred. 

Conclusion
Our study points to a certain delay (1 month) in the 
occurrence of biventricular reverse remodeling after ASD 
type II transcatheter closure. Early (after 24 hours) reverse 
remodeling may be seen in smaller defects with less 
volume load. It also shows a tight relationship between 
biventricular reverse remodeling and the improvement of 
MVP after transcatheter closure of ASD type II, which may 
mean that the initially observed MVP was attributable to 
biventricular remodeling. Finally, the study demonstrates 
that the 3D echocardiography offers a faster and more 
accurate way in detection of both MVP and biventricular 
reverse remodeling. 
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