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Background: Transthoracic echocardiography is used for assessment of right ventricular (RV) function. Speckle tracking

echocardiography (STE) is a new tool to assess myocardial function. The aim of this study was to evaluate RV function

using STE in patients with atrial septal defect (ASD) before and the first month after percutaneous closure.

Methods: We prospectively examined 32 consecutive patients (9 male, 23 female) who underwent percutaneous

transcatheter closure (PTC) of secundum ASD from June 2013 to December 2015. Echocardiography was initially

performed upon admission, prior to cardiac catheterization and then the first month after PTC of secundum ASD.

Thereafter, the peak global RV longitudinal strain (RVLSR) was analyzed by two-dimensional STE.

Results: The mean age of the patients was 34.6 � 8.2 years, and the mean diameter of the occlusive devices was

18.5 � 7.5 mm. RV end diastolic diameters were significantly larger and decreased significantly after ASD closure

(43 � 5 vs. 38 � 4 mm, p < 0.05). Left atrium diameters (40 � 8 vs. 37 � 6 mm, p < 0.05) decreased significantly after

the intervention, whereas left ventricle end-diastolic diameters (45 � 5 vs. 46 � 4 mm, nonspecific) remain

unchanged. Tricuspid annular plane systolic excursion increased significantly (17.6 � 5.4 vs. 22.3 � 8.1 mm, p <

0.05). RV myocardial performance index significantly improved (0.38 � 0.15 vs. 0.29 � 0.08, p < 0.05). After

interventional closure of the defect, we observed a significant increase of the longitudinal RV strain (28.3 � 5.6% vs.

22.4 � 4.3%, p < 0.001).

Conclusions: Two-dimensional strain appears to facilitate the assessment of RV function and its response to

correction of volume overload after PTC of secundum ASD.
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INTRODUCTION

Atrial septal defect (ASD) accounts for 25-30% of con-

genital heart defects, which are typically diagnosed dur-

ing adulthood.
1

Ostium secundum ASDs are the most

common type of ASDs, constituting 70% of all ASDs and

6-10% of all congenital heart defects. ASDs cause left-

to-right shunt, and chronic right chamber volume over-

load. ASDs can sometimes result in right heart failure;

secundum ASDs are centrally located and are generally

bounded by the superior and inferior limbic bands, which

often make these defects amenable to device closure.
2,3

Percutaneous closure of ASDs is associated with im-

provement in right ventricle (RV) dimension, morphol-

ogy, function, exercise physiology, and positive remodel-

ing of the RV.
4

However, such adaptation may take a

long time. Also, this adaptation can be inadequate in
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adult ASD patients. Left and right atrial diameters and

volumes are increased in ASD patients due to volume

overload. Also, atrial remodeling after ASD closure have

been poorly understood.
5

New echocardiographic methods have been devel-

oped to quantify global and regional left and RV function.

These new echocardiographic methods are important for

diagnostic and prognostic evaluation in various cardiovas-

cular diseases.
6

A new echocardiographic technique

known as two-dimensional speckle tracking echocardio-

graphy (2D-STE) is a reliable technique for angle-inde-

pendent tracking of myocardial deformation. This echo-

cardiographic technique allows noninvasive and quantita-

tive assessment of global or regional myocardial function.
7

Myocardial speckle tracking echocardiography mea-

sures tissue deformation within the myocardium ex-

pressed as a fraction or percentage change. Myocardial

tissue lengthening provides a positive and myocardial

tissue shortening and gives a negative strain value.

Strain rate (SR) measures the local rate of myocardial

deformation per time unit. The myocardial global strain

and strain rate are measured by averaging the values

computed at the segmental values.
8

Two-dimensional

(2D) strain and SR analyses are new Doppler-independ-

ent techniques to obtain these measurements of myo-

cardial movement and deformation. This method has

been frequently used to assess LV myocardial function.

However, this new echocardiographic method has rarely

been used to examine RA and RV myocardial function.
9

Myocardial strain and strain rate are able to elucidate

RV myocardial function. While this method has been

frequently used to assess LV function, it has rarely been

used to examine RV function. However, RV myocardial

function is very important to determine a prognosis in

patients with congenital heart disease.
8,9

Aim

The objective of the present study was to quantify RV

function in patients with chronic RV volume overload due

to an ASD before and after its percutaneous closure.

MATERIAL AND METHODS

Patients

Patients with secundum ASDs admitted to our cen-

tre for percutaneous closure between June 2013 and

December 2015 were included in this prospective con-

trolled study. We investigated a total of 38 consecutive

patients with secundum type ASD. Of that total, six pa-

tients with insufficient rims, sinus venosus ASD, and

large ASD were not suitable for percutaneous ASD clo-

sure. The study consisted of 32 patients (23 female, 9

male, mean age: 41 � 13 years) with secundum type

ASD and normal sinus rhythm who underwent success-

ful percutaneous ASD closure procedure. Clinical indica-

tion for ASD closure was haemodynamically significant

left-to-right shunt (Qp/Qs > 2.0) or echocardiographic

signs of right heart dilation or shunt related symptoms.

Patients with a stretched secundum ASD larger than 36

mm, those with inadequate atrial septal rims to permit

stable device deployment, or those with proximity to the

defect to the atrioventricular valves, the coronary sinus,

or the vena cavae, sinus venosus or primum type ASD,

pulmonary vascular resistance greater than 8 Woods de-

spite 100% oxygen inhalation, other concomitant congen-

ital heart disease, valvular heart disease, coronary artery

disease, LV systolic dysfunction, atrial fibrillation, or hy-

pertension were excluded from the study.

The secundum ASD patients were evaluated by clini-

cal and echocardiographic examinations before and a

month after the percutaneous closure ASD procedure.

The study was approved by the local ethics committee

of our hospital.

Echocardiographic examination

All patients underwent comprehensive transtho-

racic echocardiography examinations at rest, according

to the American Society of Echocardiography guidelines

using an ultrasound system (Philips EPIQ 7C, Philips

Healthcare, Andover, MA, USA) equipped with a

multifrequency transducer (3-8 MHz) and tissue har-

monic imaging capability.
10

Single lead electrocardio-

gram was recorded continuously. Pulmonary artery sys-

tolic pressure (PASP) was calculated by measuring maxi-

mal tricuspid regurgitation velocity, and applying the

modified Bernoulli equation to convert this value into

pressure values. Estimated right atrial pressure (RAP)

was added to this obtained value [PASP = tricuspid re-

gurgitation gradient + RA-pressure (RAP)].

Additionally, 2D echocardiographic images of the RA

and RV were obtained in the apical four-chamber view
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at the end of expiration. These echocardiographic im-

ages were obtained while taking care to capture the en-

tire RA, allowing for more reliable delineation of the

atrial endocardial border. The frame rate was set at be-

tween 40 and 80 Hz. At least three consecutive cardiac

cycles of 2D echocardiographic images recorded at each

plane were stored in order to select the images with the

best quality for off-line speckle tracking analysis.
11

Calculation of RV myocardial performance index (MPI)

The RV inflow was recorded with the transducer in

the apical 4-chamber view, aligning the Doppler beam as

perpendicular as possible to the plane of the tricuspid

annulus. The sample volume was placed at the tips of the

tricuspid leaflets during diastole. The RV outflow velocity

curve was recorded from the parasternal short-axis view,

with the Doppler sample volume positioned just below

the pulmonary valve. There were time intervals used for

calculating the Doppler index, which were measured

from the tricuspid inflow and RV outflow recordings.

The RV MPI was calculated as (a – b/b). The interval

“a” from cessation to onset tricuspid valve inflow. Ejec-

tion time “b” is derived from the duration of RV outflow

Doppler velocity profile. Three consecutive beats were

measured and averaged for each measurement.
12

Two-dimensional speckle tracking analysis

Speckle tracking analysis was performed by a single

experienced and independent investigator, who was

blinded to the clinical data, using commercially available

semiautomated 2D-STE software for a Philips system (2D

Wall Motion Tracking, Philips Healthcare Systems). To

assess the RV myocardial function with 2D-STE, RV basal

septal, basal lateral and apical borders were manually

traced in the four-chamber view, followed by automatic

tracing of the endocardial and epicardial borders, thus

delineating a region of interest composed of six seg-

ments. After analysis of segmental tracking quality and

manual adjustment of the region of interest, longitudi-

nal strain curves were generated for each atrial segment

by the software. A cine loop preview feature allowed vi-

sual confirmation that the internal line followed the RV

endocardium movements throughout the cardiac cycle.

If tracking of the RV endocardium was unsatisfactory,

manual adjustments of the region of interest size were

performed to ensure optimal tracking. RV longitudinal

strain (RVLS) was measured in six segments of the RV.

Once approved by the reading analyst, the software dis-

played longitudinal strain [peak systolic strain (PSS)].

The RV speckle tracking echocardiography imaging be-

fore and after percutaneous ASD closure was demon-

strated in Figure 1 and Figure 2.
9,10,13
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Figure 1. Right ventricle speckle tracking echocardiography imaging

before percutaneous ASD closure.

Figure 2. Right ventricle speckle tracking echocardiography imaging

after percutaneous ASD closure.



Percutaneous ASD closure procedure

Percutaneous closure of the ASD was performed un-

der general anaesthesia utilizing fluoroscopic and multi-

plane transesophageal echocardiographic (TEE) guid-

ance. Larger diameters of ASD were measured in differ-

ent angles of 2D and 3D TEE. Percutaneous closure of

ASD was carried out using devices by Occlutech Figulla

Flex II ASD (Jena, Germany). Device size was determined

by adding 2-4 mm larger ASD diameter. In addition, the

distance to the defect is required to be at least 5 mm

away from the mitral valve, right upper pulmonary vein,

coronary sinus, tricuspid valve, inferior vena cava, and

superior vena cava. In the case of deficient aortic rim

(aortic rim < 5 mm), percutaneous closure was per-

formed if the other rims had enough length. However,

balloon measurements were not performed routinely.
11,13

Post-interventional treatment included 100 mg/d of

acetylsalicylic acid and 75 mg/d of clopidogrel for 6

months.

Statistical analysis

Statistical analysis was carried out with the SPSS sta-

tistical package (Version 12.0; SPSS Inc., Chicago, IL,

USA). Continuous variables are expressed as the mean �

SD, and categorical variables are expressed as percent-

ages. Intra-observer variability was calculated as the ab-

solute difference between the two measurements as a

percent of their mean. The Student’s t-test and the

Chi-square test were used for comparison of data as ap-

propriate. Differences between baseline and follow-up

were analysed by the paired sample t-test. A p value <

0.05 was considered statistically significant. A Pearson’s

correlation was used to determine the relationship

between RV STE and other echocardiographic parame-

ters.

RESULTS

The mean native diameter of secundum ASD on col-

our Doppler echocardiographic evaluation was 14 � 5

mm (ranging from 10 to 22 mm). The mean diameter of

the ASD devices used in these patients was 18.5 � 7.5

mm (ranging 14-28 mm). Percutaneous secundum ASD

closure was performed successfully in all 32 patients.

Basic demographic characteristics and percutaneous

ASD closure-related clinical parameters of the study

population are summarized in Table 1. There was no re-

sidual ASD observed in any of the patients on echo-

cardiographic evaluations at the first month after the

procedure. The echocardiographic measurements are

provided in Table 2. RV end diastolic diameters were sig-

nificantly larger before ASD closure, and RV end dia-

stolic diameters were decreased significantly after ASD

closure (43 � 5 vs. 38 � 4 mm, p < 0.05). LA diameters

(40 � 8 vs. 37 � 6 mm, p < 0.05) decreased significantly
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Table 1. Clinical characteristics and echocardiographic

measurements in patients with ASD

Variable Parameters

Age (years) 34.6 � 8.2

Gender (female/male) 23/9

Systolic blood pressure, mmHg 123 � 15

Diastolic blood pressure, mmHg 69 � 9

Heart rate, beats/min 093 � 11

ASD diameter, mm 14 � 5

Device diameter, mm 18.5 � 7.5

Qp/Qs ratio 02.6 � 0.7

BMI, kg/m2 01.89 � 0.16

ASD, atrial septal defect; BMI, body mass index.

Table 2. Effect of ASD device closure on echocardiographic

parameters

Variable
Pre-

procedure

Post-

procedure

first month

p value

LV end-diastolic diameter, mm 45 � 50 47 � 40 0.683

LV end-systolic diameter, mm 28 � 50 29 � 40 0.784

LV EF, % 58 � 30 63 � 40 0.036

LA diameters, mm

Antero-posterior 37 � 80 34 � 50 0.041

Medio-lateral 40 � 80 37 � 60 0.039

Apico-basal 48 � 50 47 � 60 0.044

RA diameters, mm

Medio-lateral 43 � 70 37 � 60 0.015

Apico-basal 50 � 60 46 � 50 0.026

RV end-diastolic diameter, mm 43 � 50 38 � 40 0.017

PASP, mmHg 51.4 � 16.3 37.3 � 12.7 0.030

TAPSE, mm 17.6 � 5.40 22.3 � 8.10 0.025

Pulsed Doppler RV MPI 0.38 � 0.15 0.29 � 0.08 0.040

RV longitudinal strain (%) 22.4 � 4.30 28.3 � 5.60 0.0008

ASD, atrial septal defect; EF, ejection fraction; LA, left atrium;

LV, left ventricle; MPI, myocardial performance index; PASP,

pulmonary artery systolic pressure; RA, right atrium; RV, right

ventricle; TAPSE, tricuspid annular plane systolic excursion.



after the intervention, whereas LV end-diastolic diame-

ters (45 � 5 vs. 46 � 4 mm, nonspecific) remained un-

changed. Tricuspid annular plane systolic excursion

(TAPSE) increased significantly (17.6 � 5.4 vs. 22.3 � 8.1

mm, p < 0.05). Also, RV MPI was significantly increased

before ASD closure, and RV MPI was significantly de-

creased after ASD closure (0.38 � 0.15 vs. 0.29 � 0.08, p

< 0.05).

After interventional closure of the defect, we ob-

served a significant increase of the longitudinal RV

strain (28.3 � 5.6% vs. 22.4 � 4.3%, p < 0.001) (Table 2).

Intra-observer variability for RV longitudinal strain was

3.4 + 1.5%.

Correlation analysis were measured utilizing those

changes post- and pre-ASD parameters. Delta value is

calculated as post-ASD parameter minus pre-ASD para-

meter. The correlation analysis showed a negative corre-

lation among delta RV STE and delta RV MPI, delta RV

diameter, delta RA diameter, and delta PASP. Also, we

found a positive correlation between delta RV STE and

delta TAPSE. However, there was no correlation among

delta RV STE and delta LV ejection fraction (LVEF), delta

LV diameter, and delta LA diameter (Table 3).

DISCUSSION

Assesment of the RV myocardial function is impor-

tant to determine prognosis, and is an independent pre-

dictor of cardiovascular morbidity and mortalityin pa-

tients with left to right intracardiac shunts and pulmo-

nary arterial hypertension.
14

2D echocardiography is fre-

quently used evaluation of RV function. However, the

2D assessment of the RV function is very challenging

due to complex RV morphology.
15

In the past decade, a

novel echocardiographic technique known as strain has

been used to make more accurate assessments of the

myocardial function.
16

Speckle tracking echocardio-

graphy has been used in a wide range of cardiovascular

conditions, including hypertension, heart failure and

myocardial infarction. Conventional techniques of deter-

mining RV systolic function often rely on visual assess-

ment of wall motion and changes in volume.
15

However,

3D echocardiography is a reliable quantitation of RV vol-

umes, function, and mass.
17

Also, STE measures actual

tissue deformation within the myocardium. STE mea-

sures global and regional myocardial function.
18

In our study, an improvement of multiple echo-

cardiographic parameters such as the RVLS, RVEDD,

right atrial diameter, RV/LV EDD ratio, left atrial diame-

ter, RV MPI, and PASP was noted in the first month

post-procedure period. LVDD and LVSD remained un-

changed in the first month post-procedure period. How-

ever, LVEF and TAPSE were significantly increased in the

first month post-procedure period. In our study, we

found a positive correlation among delta RVSTE and

delta LVEF and TAPSE. Also, we found a negative correla-

tion among delta RVSTE and delta RV MPI, RV diameter,

RA diameter, and PASP. Previous studies have also de-

monstrated similar findings of decreased right atrial and

ventricular dimensions after percutaneous ASD closure.

Akula et al. showed that RV volumes decreased signifi-

cantly in the first month after ASD device closure and

continued up to 6 months.
17

Veldtman et al. found that

right heart morphology undergoes rapid improvement

within one month of percutaneous ASD closure.
16

Atashband et al. showed that percutaneous ASD closure

in adults is effective with reverse remodeling and better

functional capacity.
18

Thilén et al. found that cardiac re-

modeling after ASD closure in adults is common and

completed within the first half-year after closure.
19

We demonstrated that peak RVLS was shown to be

significantly increasing after percutaneous closure of
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Table 3. Correlation among RV STE and other echocardiographic

parameters in patients with ASD

Parameters

Delta value

(Post ASD

parameters –

pre ASD

parameters)

Pearson’s

correlation

coefficient

(r value)

p value

RV MPI -0.09 � 0.011 -0.481 0.028

RV end-diastolic diameter -4.9 � 4.23 -0.569 0.021

RA diameter -5.23 � 5.760 -0.154 0.042

LV end-diastolic diameter +2.19 � 4.450. -0.126 0.058

LA diameter -2.25 � 4.900 -0.132 0.064

LV EF +5.13 � 3.380. -0.119 0.067

PASP -14.1 � 13.80 -0.497 0.035

TAPSE +4.7 � 6.90. -0.514 0.029

ASD, atrial septal defect; EF, ejection fraction; LA, left atrium;

LV, left ventricle; MPI, myocardial performance index; PASP,

pulmonary artery systolic pressure; RA, right atrium; RV, right

ventricle; TAPSE, tricuspid annular plane systolic excursion.



ASD. However, Elsheikh et al. found that volume over-

load induced by ASD is associated with increased strain

values, which return to normal after closure.
20

Also,

Jategaonkar et al. found that volume overload in pa-

tients with ASD is associated with increased strain val-

ues.
5

Strain values return to normal after abolishment of

the volume overload with percutaneous ASD closure.

On the other hand, Teo et al. found that a significant re-

duction in RV volumes at 6 months after ASD closure

and RV ejection fraction (RVEF) was significantly in-

creased in cardiovascular magnetic resonance (CMR).
21

CMR is an accurate and reproducible imaging modality

for the assessment of cardiac function and volumes.

Study results of Teo et al. are similar to our study find-

ings. In accordance with the study by Teo et al, we ob-

served a significant reduction in RV volumes at the first

month post ASD closure, and significantly improved RV

function with speckle tracking and RV MPI.

RV function is difficult to assess because of its com-

plex structures. MPI does not depend on any geometric

assumption. Also, MPI is not age or heart rate depend-

ent. In previous studies, MPI has been used to assess RV

function in patients with congenital heart disease. Ding

et al. found that MPI increased significantly in patients

with ASD compared to the control subjects.
22

Also, they

found that after transcatheter closure, MPI decreased

markedly in patients with ASD. Also, study results of

Ding et al. are similar to our study findings. In accor-

dance with the study by Ding et al, we observed a signif-

icant reduction in RV volumes at the first month after

ASD closure, and significantly improved RV MPI.

Study limitations

There were some limitations to our study. Several

studies have cited significant hemodynamic changes oc-

curring in the first months after ASD closure.
16,19,23

The

present study was designed based on this evidence.

However, patient follow-up of more than 1 month is

needed for a complete evaluation of hemodynamic

changes. Our study was conducted on a limited number

of patients, which made it difficult to arrive at a defini-

tive statement. In theory, myocardial strain can be mea-

sured in all dimensions (longitudinal, radial, and cir-

cumferential). Assessment of the RV function is very dif-

ficult due to complex RV morphology. We quantified the

longitudinal strain, assuming that the contraction of the

RV is predominantly longitudinal. In this study, the 2D

strain analysis software that was originally designed for

the left ventricle was applied to the RV, assuming that

the algorithm can be transferred. Further studies about

reproducibility and feasibility are necessary to validate

this method.

CONCLUSIONS

2D-STE measurement is a novel approach used to

quantitatively assess myocardial wall motion, which can

also be applied to the RV. This method allows exact and

objective assessment of global and regional myocardial

function. The long-term volume overload is associated

with decreased strain values and RV function, which re-

turn to normal after abolishment of the volume over-

load.
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