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Abstract

Objective: The purpose of this study was to evaluate the changes in right ventricle (RV) and left

ventricle (LV) function after transcatheter atrial septal defect (ASD) closure and to assess the influ-

ence of the age and the amount of shunt.

Design: Retrospective study

Patients: Fifty-three adult patients who underwent transcatheter closure were enrolled, then

divided into subgroups according to the age (< 40 years vs�40 years), and the amount of shunt

flow (QpQs<2.5 vs QpQs�2.5).

Outcome Measures: Two-dimensional tissue Doppler imaging was performed in a four-chamber

view at the basal ventricular septum (VS) and tricuspid valve annulus (TVA) before and at 1 month

and 6 months after closure. Myocardial velocities, the myocardial performance index (MPI), and

isovolumic acceleration (IVA) were assessed.

Results: At the TVA, theMPI decreased slightly and then greatly increased at 6 months after closure

(P5 .002). The IVA improved in all patients (P< .001), and the E0/A0 ratio decreased, especially in the

old age group (P5 .031) and larger shunt group (P5 .035). At the VS, S0 and the IVA decreased and

had not recovered until 6 months in the old age (P5 .02) and larger shunt (P5 .02). The Qp/Qs

showed a significant reverse correlation with a decrease in the E0/A0 at the TVA (r520.37,

P5 .008), and age of patient was correlated with a decrease in the IVA at the VS (r520.32,

P5 .019). The age at closure (b520.36, P5 .002), the Qp/Qs ratio (b520.45, P5 .01), and RV

MPI changes (b527.64, P< .001) were found to be associated factors with IVA decrease at the VS.

Conclusions: After ASD closure, RV global function might be impaired. In elderly patients and

patients with a large shunt, impairment of LV contractility developed until 6 months after closure.

Close long-term observation is required after closure, especially in old-age patients with a large shunt.
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1 | INTRODUCTION

In patients with atrial septal defect (ASD), right ventricle (RV) volume

overload causes alterations in chamber geometry and ventricular func-

tion at the RV and left ventricle (LV).1–5 Transcatheter closure has

replaced surgery as the primary treatment modality of ASD, and its

clinical benefits and positive remodeling effects on cardiac chamber

geometry are well demonstrated even in elderly patients.1–5 With

regard to ventricular function, it has been suggested that transcatheter

closure leads to an improvement in ventricular performance.3,6–8
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However, some studies have reported deterioration of systolic or dia-

stolic ventricular function after the procedure; especially for the LV, an

acute rise in the volume and filling pressure of both the LA and LV may

cause left-sided heart failure, even without evident LV dysfunction

prior to the intervention; however, this is rare.9–11 As for the RV, it is

not clear whether preocclusional systolic and diastolic dysfunction

completely recovers after the procedure. In a previous study of

patients who underwent surgical ASD closure, there were no survival

benefits in patients older than 40 years at surgery.12 Considering this

result, influencing factors such as the age of patient and the amount of

shunt flow could affect the remodeling of ventricles after transcatheter

closure. Some studies have reported the effects of ASD device closure

on regional RV and LV performance; however, the results were rather

inconclusive and did not allow for a complete consensus.13–19

Among several methods for the quantitative analysis of regional

ventricular performance, tissue Doppler imaging (TDI) is a feasible and

useful tool with high reproducibility.20,21 In particular, some nonvolu-

metric indices derived from TDI are less load-dependent. Among these

indices, the myocardial performance index (MPI) can quantify global

ventricular function, while isovolumic acceleration (IVA) represents

myocardial contractility directly, more independent of ventricular load-

ing conditions.22,23

The purpose of this study was to evaluate the changes in RV and

LV performance after transcatheter ASD closure using TDI. In particu-

lar, we analyzed the changes according to age of patient at closure, the

amount of shunt through the defect, and the time after closure.

2 | METHODS

2.1 | Subjects

The study enrolled 53 adult patients who underwent successful trans-

catheter ASD closure in the Division of Pediatric Cardiology at Sever-

ance Cardiovascular Hospital, Yonsei University College of Medicine.

Patients who had shunts other than ASD and significant PS were

excluded, and there was no patient with significant arrhythmia (includ-

ing atrial arrhythmia). For evaluating the effect of age of patient at the

time of the procedure and the amount of shunt on ventricular perform-

ance, patients were divided according to their age (Group 1:<40 years

and Group 2:�40 years) and pulmonary-to-systemic flow ratio (Qp/Qs

ratio; Group A:<2.5 and Group B:�2.5). We compared the results of

each group according to the time after closure (Table 1).

Transcatheter ASD closure was performed using an Amplatzer sep-

tal occluder (AGA Medical, Golden Valley, MN) and its delivery system.

The procedure was performed by a single interventionist with the

assistance of intracardiac echocardiography, and the hemodynamics of

each patient was assessed before deploying the occluder. There was

no case in which the procedure failed. The pulmonary arterial hyper-

tension revealed in 13 patients before ASD closure and persisted in 5

of them after ASD closure.

This retrospective study was approved by the Institutional Review

Board of Severance Hospital (Seoul, Korea).

2.2 | Echocardiography

Transthoracic echocardiographic evaluation was performed and 2D

echo data were assessed including fractional area change of RV (RV

FAC) and ejection fraction of LV (LV EF) within 3 months before and at

1 month and 6 months after the implantation of the occluder, using

commercially available systems. TDI was performed in a four-chamber

view at the basal part of the ventricular septum (VS) and tricuspid valve

annulus (TVA). We used the pulsed-wave TDI with filters to exclude

high-frequency signals and a 2-mm sample volume. Myocardial veloc-

ities were obtained at a sweep speed of 100 mm/s and frame rate of

above 150 frames per second. We carefully aligned the ultrasound

beam parallel to the direction of wall motion because of the angle

dependency of TDI. However, we could not obtain the appropriate

Doppler angle at the mitral valve annulus, as in most patients, the longi-

tudinal ventricular axis was severely tilted to the left because of RV

volume overload. Therefore, we could not obtain appropriate TDI data

from the mitral valve annulus with reproducibility. For each image,

myocardial velocities (E0, A0, S0 , peak isovolumic myocardial velocity)

and time intervals (isovolumetric contraction time, isovolumetric relaxa-

tion time, ejection time, acceleration time) were averaged from three

consecutive beats, and the MPI and IVA were derived from the data on

off-line system (Echopac, GE-Vingmed, Horten, Norway). As described

previously, the TDI-derived MPI was defined as the ratio of the sum of

isovolumetric contraction time and isovolumetric relaxation time to the

TABLE 1 Clinical and hemodynamic data of the subjects

Age group Qp/Qs group

Total (n553) Group 1 (n520) Group 2 (n5 33) P Group A (n525) Group B (n528) P

Age (yr) 42.2613.7 28.16 7.8 50.86 8.1 42.2615.6 42.36 11.9 .98

ASO size 25.467.0 27.86 7.6 23.96 6.3 .048 23.067.1 27.56 6.3 .020

BSA (m2) 1.6660.16 1.726 0.16 1.626 0.15 .030 1.6660.15 1.666 0.17 .93

Qp/Qs 2.7660.88 2.816 0.86 2.736 0.91 .76 2.0460.31 3.416 0.71

RAP (mm Hg) 7.662.8 7.763.2 7.662.5 .96 6.46 2.5 8.76 2.6 .002

PAP (mm Hg) 33.469.9 30.06 7.6 35.46 10.6 .053 32.7611.4 33.96 8.4 .67

Abbreviations: ASO, atrial septal occluder; BSA, body surface area; n, number; PAP, preocclusional pulmonary systolic pressure; Qp/Qs, pulmonary-to-
systemic flow ratio; RAP, preocclusional right atrial mean pressure; yr, years.
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ejection time,21,22 and IVA was measured as the mean slope of the iso-

volumic contraction velocity.23 Echocardiographic data review and off-

line analysis were performed by a single investigator.

2.3 | Statistics

Results are expressed as mean6one standard deviation for normally

distributed data. Comparisons of clinical data between groups were

performed using the Student’s t test. Changes in each parameter

before and after the procedure were analyzed using the paired Stu-

dent’s t test. We evaluated the correlation between the differences in

TDI parameters before and after closure, and we compared the fre-

quency of the increase/decrease in each TDI parameter between each

subgroup. To validate the influence of associated factors on the

changes in TDI parameters, Pearson’s correlation test, the chi-square

test, or Fisher’s exact test were performed, and to identify the inde-

pendent associated factors with changes in TDI parameters, linear

regression was used.

SPSS for Windows (version 18.0, SPSS Inc., Chicago, IL) was used

for data analysis. A P value less than .05 was considered to indicate sta-

tistical significance.

3 | RESULTS

3.1 | 2D echo measurement

The RV FAC decreased after ASD closure in analysis of all subjects,

and in subgroup analysis for old age group and lager shunt group. The

LV EF increased after ASD closure in all subgroup analysis except for

smaller shunt group (Tables 2–4).

3.2 | Changes in myocardial velocities

After ASD closure, early diastolic (E0) and systolic (S0) velocities signifi-

cantly decreased at both the VS and TVA in all subjects and in all sub-

group analyses (Tables 2–4). The late diastolic (A0) velocity at the VS

did not show any changes except for a decrease in the old age group.

However, A0 at the TVA significantly decreased in all subgroups, except

for the young age group. The E0/A0 ratio, a marker of diastolic function,

demonstrated no change at the VS. However, the E0/A0 ratio at the

TVA decreased to less than 1 (P5 .045) and decreased more signifi-

cantly in the old age group than in the young age group and in the

larger shunt group than in the smaller shunt group (P5 .031 and

P5 .035, respectively).

Compared with the normal values according to age and gender,24

the number of patients with normal E0 at VS increased from 7 (13.2%)

before the procedure to 10 (18.9%) after the procedure.

For the A0 at VS, this number of patients (10 patients, 18.9%) did

not change before and after the procedure, but for the S0 and the E0/A0

ratio at VS, the patients with normal value increased after the proce-

dure [S0 , 7 (13.2%) to 12 (22.6%); E0/A0 ratio, 4 (7.5%) to 6 (11.3%)].

Regarding the myocardial velocities at TVA, the patients with normal

value increased after the procedure for all parameter [E0 , 7(13.2%) to 8

(15.1%); A0 , 2 (3.8%) to 7 (13.2%); S0, 2 (3.8%) to 7 (13.2%); E0/A0 ratio,

7 (13.2%) to 9 (17.0%)].

3.3 | Changes in TDI-derived indices

The MPI at the VS did not differ significantly before and after closure.

However, the MPI at the TVA decreased slightly at 1 month after clo-

sure and then increased greatly at 6 months after closure (P5 .002,

Table 2). In subgroup analysis, these changes were more pronounced

in the larger shunt group than in the smaller shunt group (Table 4,

Figure 1).

The IVA at the TVA increased greatly relative to time in all subjects

and in all subgroup analyses (P< .001). The IVA at the VS did not differ

in the analysis of all subjects (P5 .50). However, in the old age group

and the larger shunt group, the IVA at the VS decreased significantly at

1 month after closure and persisted at 6 months after closure (P5 .029

and P5 .026, respectively, Figure 1).

TABLE 2 Myocardial velocities and tissue Doppler–derived indices in all the patients (n553)

Ventricular septum Tricuspid valve annulus

Preclosure 1 mo after 6 mo after P* Preclosure 1 mo after 6 mo after P*

E0 9.9262.76 9.1362.24 8.4862.37 < .001 15.3363.78 12.046 3.17 11.7963.52 < .001

A0 9.5962.49 8.8961.80 8.8362.20 .051 16.0564.43 12.986 3.69 13.2163.61 < .001

E0/A0 1.1260.53 1.0960.41 1.0560.41 .079 1.0560.48 1.006 0.41 0.9260.37 .045

S0 9.7961.44 8.6461.11 8.3561.28 < .001 15.7863.09 13.596 3.37 12.7963.21 < .001

MPI 0.3360.05 0.3260.06 0.3360.04 .96 0.3160.07 0.296 0.06 0.3560.06 .002

IVA (m/s2) 2.2060.75 1.9960.86 2.0861.18 .50 2.2960.93 2.216 1.23 3.7361.11 < .001

2D echo parameter

RV FAC (%) 40.166.9 34.968.2 35.968.2 .002
LV EF (%) 65.667.2 70.765.8 69.665.3 < .001

Abbreviations: A0 , late diastolic myocardial velocity; E0, early diastolic myocardial velocity; IVA, isovolumic acceleration; LV EF, ejection fraction of the
left ventricle; mo, month; MPI, myocardial performance index; RV FAC, fractional area change of the right ventricle; S0, systolic myocardial velocity.
*P values represent the statistical significance in the paired t test between the value at preclosure and the value 6 months later.
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3.4 | Interdependency of ventricular function

The preocclusional E0/A0 ratios at the VS and TVA showed a close cor-

relation (r50.57, P< .001). Additionally, the preocclusional IVA at both

sites showed the same relationship (r50.37, P5 .01). As for the

changes before and after closure, the changes in the MPI at the TVA

showed a significant reverse correlation with the changes in the IVA at

the VS (r520.40, P5 .004, Figure 2).

TABLE 4 Myocardial velocities and tissue Doppler-derived indices in each pulmonary-to-systemic flow ratio group

Ventricular septum Tricuspid valve annulus

Preclosure 1 mo after 6 mo after P* Preclosure 1 mo after 6 mo after P*

Group A (Qp/Qs<2.5, n525)

E0 9.9862.93 9.666 2.00 8.2362.61 .001 15.006 4.23 12.6663.82 12.0464.15 .016
A0 8.9362.63 9.096 1.89 9.1262.32 .22 17.386 4.81 14.5163.73 14.8764.27 .022
E0/A0 1.1260.55 1.136 0.39 1.0060.41 .059 0.936 0.38 0.9960.41 0.8660.38 .48
S0 9.8961.32 9.166 1.11 8.3861.42 < .001 16.416 3.66 14.5363.37 13.8163.75 .003
MPI 0.3260.04 0.336 0.06 0.3360.04 .44 0.336 0.09 0.3160.05 0.3560.06 .15
IVA (m/s2) 2.4060.95 2.146 0.96 2.5061.48 .82 2.606 1.06 2.4861.46 3.8661.19 < .001
2D echo parameter
RV FAC(%) 39.767.3 36.26 8.4 36.468.7 .073
LV EF(%) 66.967.9 70.76 5.1 69.565.4 .073

Group B (Qp/Qs�2.5, n528)

E0 9.8562.66 8.626 2.38 8.7162.16 .017 15.606 3.44 11.5662.51 11.5562.93 < .001
A0 9.3762.37 8.706 1.73 8.5662.11 .12 14.976 3.85 11.8663.23 12.3162.54 .008
E0/A0 1.1760.58 1.056 0.44 1.0960.41 .26 1.156 0.52 1.0860.42 0.9860.36 .035
S0 9.7061.57 8.246 0.98 8.3261.16 < .001 15.286 2.51 12.5762.96 12.1362.50 < .001
MPI 0.3460.07 0.316 0.04 0.3260.04 .35 0.306 0.05 0.2860.06 0.3560.06 .005
IVA (m/s2) 2.1260.46 1.816 0.70 1.7860.50 .030 2.066 0.78 1.9560.97 3.4760.88 < .001

2D echo parameter

RV FAC (%) 40.466.7 33.36 7.8 35.067.7 .009
LV EF (%) 64.566.5 70.76 6.4 69.465.3 .002

Abbreviations: A0 , late diastolic myocardial velocity; E0, early diastolic myocardial velocity; IVA, isovolumic acceleration; LV EF, ejection fraction of the
left ventricle; mo, month; MPI, myocardial performance index; RV FAC, fractional area change of the right ventricle; S0, systolic myocardial velocity.
*P values represent the statistical significance in the paired t test between the value at preclosure and the value 6 months later.

TABLE 3 Myocardial velocities and tissue Doppler-derived indices in each age group

Ventricular septum Tricuspid valve annulus

Preclosure 1 mo after 6 mo after P* Preclosure 1 mo after 6 mo after P*

Group 1 (< 40 years old, n520)

E0 11.926 2.11 10.2161.90 10.0462.37 .005 16.6563.05 13.756 2.75 13.736 3.76 .008
A0 8.026 2.13 7.9661.83 8.3062.79 .85 14.9464.08 11.786 3.67 12.596 3.94 .11
E0/A0 1.546 0.52 1.3660.44 1.3660.39 .088 1.2760.42 1.236 0.52 1.176 0.43 .51
S0 10.506 1.43 8.8461.03 8.8961.42 .002 16.8462.80 13.966 3.61 14.316 3.77 .003
MPI 0.326 0.04 0.3360.05 0.3360.04 .60 0.3160.07 0.316 0.05 0.356 0.06 .051
IVA (m/s2) 2.486 1.05 2.2660.85 2.7561.65 .64 2.4560.83 2.216 1.00 3.736 1.29 .001

2D echo parameter

RV FAC(%) 38.86 6.7 31.865.5 34.966.0 .050
L V EF(%) 64.16 6.5 69.966.0 68.665.6 .029

Group 2 (�40 years old, n533)

E0 8.656 2.37 8.4562.19 7.4661.75 .003 14.5264.01 10.996 2.99 10.536 2.73 < .001
A0 10.596 2.18 9.4761.54 9.1861.68 .003 16.7464.56 13.736 3.56 14.036 3.37 < .001
E0/A0 0.866 0.33 0.9160.28 0.8460.27 .47 0.9460.42 0.876 0.31 0.766 0.20 .031
S0 9.356 1.28 8.4961.16 7.9961.06 < .001 15.1363.13 13.126 3.06 11.886 2.49 < .001
MPI 0.346 0.06 0.3160.06 0.3360.04 .73 0.3260.07 0.296 0.06 0.356 0.05 .021
I VA (m/s2) 2.116 0.65 1.8360.84 1.7360.61 .029 2.1960.99 2.226 1.36 3.696 1.02 < .001

2D echo parameter

RV FAC (%) 40.96 7.0 36.769.1 36.469.3 .015
LV EF (%) 66.26 7.5 71.065.8 70.165.1 .003

Abbreviations: A0 , late diastolic myocardial velocity; E0, early diastolic myocardial velocity; IVA, isovolumic acceleration; LV EF, ejection fraction of the
left ventricle; mo, month; MPI, myocardial performance index; RV FAC, fractional area change of the right ventricle; S0, systolic myocardial velocity.
*P values represent the statistical significance in the paired t test between the value at preclosure and the value 6 months later.
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3.5 | Relationship of associated factors

In the evaluation of the factors that influence the decrease in the E0/A0

ratio at the TVA after closure, the Qp/Qs ratio showed a significant

reverse correlation (r520.37, P5 .008, Figure 3), and the frequencies

of the decrease in the E0/A0 ratio at the TVA were 44.0% in the smaller

shunt group and 77.8% in the larger shunt group (P5 .012; relative risk

(RR), 1.77; 95% CI, 1.09-2.87). The age of patient at closure was not

significantly correlated with the decrease in the E0/A0 ratio at the TVA.

As for the increase in the MPI at the TVA, age of patient and the

Qp/Qs ratio did not show a direct correlation. The frequency of the

decrease in the E0/A0 ratio at the TVA was higher in patients with MPI

increase (38.5% in patients with a decrease in MPI vs 76.5% in patients

with an increase in MPI; Fisher’s exact test, P5 .018). In multivariate

analysis, only IVA decrease at the VS was found to be a predictor of

RV MPI increase (b520.035, P< .001).

As for the decrease in the IVA at the VS, age of patient at closure

showed a significant correlation (r520.32, P5 .019, Figure 3). The

amount of shunt did not show any significant correlation with the

decrease in the IVA, but the frequency of IVA decrease was higher in

the larger shunt group than in the smaller shunt group (75.0% vs

48.0%; P5 .043). In multivariate analysis, age of patient at closure

(b520.36, P5 .002), the Qp/Qs ratio (b520.45, P5 .01), and RV

MPI changes (b527.64, P< .001) were found to be independent pre-

dictors of IVA decrease at the VS.

4 | DISCUSSION

A longstanding atrial shunt may result in atrial arrhythmias and dys-

function of both ventricles.25 Therefore, optimal timing of treatment is

essential to avoid the progression of ventricular dysfunction. Because

transcatheter closure is able to avoid confounding factors that affect

ventricular function, such as cardiopulmonary bypass and pericardiot-

omy, it is valuable to evaluate hemodynamic changes caused by pure

atrial shunts in patients with transcatheter ASD closure.6,14 Many pre-

vious studies have shown that cardiac geometric changes or hemody-

namic improvements occur after the procedure.1–4 According to the

results, cardiac remodeling, decrement of the RV size, and increase in

LV volume were early postinterventional changes, occurring even

within 1 hour after the procedure.4,5,17 Although it was suggested that

these acute changes in ventricular hemodynamics may affect

FIGURE 1 The time course of changes in TDI parameters. The paired t test was performed between the parameters before and 6 months
after ASD closure. (A) Changes in MPI at tricuspid valve annulus with time in the old age group (� 40 years old). (B) Changes in IVA at tri-
cuspid valve annulus with time in the old age group. (C) Changes in MPI at interventricular septum with time in the old age group. (D)
Changes in IVA at interventricular septum with time in the old age group. (E-H) Same as (A-D), but in the larger shunt group (Qp/Qs�2.5)
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ventricular function, consequences of ventricular function after the

procedure were not completely understood.

In the evaluation of ventricular function, conventional Doppler

echocardiography depends greatly on preloads and is, therefore,

limited in the assessment of pure ventricular function in the volume

loading condition. Although TDI is not free from the effects of vol-

ume load, some nonvolumetric markers derived from TDI are recog-

nized as sensitive and less load-dependent indicators of ventricular

function. Among them, we used the MPI and IVA as easily measura-

ble parameters. Isovolumic acceleration is thought to correlate with

intrinsic myocardial contractility26 and has been validated as a sensi-

tive load-independent index of LV and RV systolic function.27 In our

study, RV contractility (IVA at TVA) improved in all subgroups after

ASD closure, in addition to RV volume-overload relief. Previous

studies using magnetic resonance imaging (MRI) and three-

dimensional echocardiography reported improvements in the RV EF

after transcatheter ASD closure, which is consistent with our

data.7,16 The systolic myocardial velocity (S0) of the RV decreased

significantly, reflecting a confounding effect of the volume load.2,23

These results demonstrate that the IVA is a reliable index in the

assessment of RV contractility, despite a loading condition.

Our study showed that RV global function (MPI) was impaired

after closure in the old age group and larger shunt group. Additionally,

the marker of diastolic function (the E0/A0 ratio) simultaneously

decreased in patients who showed worsening of the RV MPI. Some

studies reported that the RV and/or LV MPI improved after transcathe-

ter ASD closure,3,7,8; whereas, few studies reported an increase in the

RV MPI after closure, which is consistent with our results.18 We

thought that this disagreement among previous studies was attribut-

able to the heterogeneity of time intervals from closure and associated

factors, such as age of patient and the amount of shunt flow. There-

fore, we tried to assess the changes in ventricular performance accord-

ing to the time course and associated factors, and only old-age

patients and those with a large shunt showed deterioration in the RV

MPI. A previous MRI study on RV function after transcatheter ASD clo-

sure16 demonstrated that a rapid decrease in RV volume and relatively

slow regression of RV mass could result in an increase in the mass/vol-

ume ratio, which might affect diastolic compliance. This physiologic

finding might have reduced RV compliance, which resulted in an

increase in the MPI, and it might depend on the amount of shunt and

might be magnified in old-age patients with underlying diastolic dys-

function. In comparison, RV EF measured using MRI increased con-

stantly after closure,16 and this finding is consistent with the increase

in the RV IVA in our study.

It has been suggested that LV dysfunction after ASD closure is

mainly caused by the restrictive physiology of the LV.9–11 However, in

our study, impairment in LV systolic function developed in the old age

group and the larger shunt group, which has been reported in a previ-

ous study using the strain rate.19 Although LV EF improved in both the

old age group (before closure, 66.267.5%; 6 months after, 70.16

5.1%; P5 .003) and the larger shunt group (before closure, 64.56

6.5%; 6 months after, 69.465.3%; P5 .002), S0 and IVA decreased

and were maintained until 6 months after ASD closure. It is not evident

whether a LV, which has been deprived of volume for a lifetime, can

promptly adapt to acute volume overload. In our study, age at closure,

the Qp/Qs ratio, and RV global dysfunction were associated with

FIGURE 2 The interdependency of TDI parameters between both
ventricles. (A) The preocclusional E0/A0 ratios at the interventricular
septum and tricuspid valve annulus showed a close correlation. (B)

The preocclusional IVA at the interventricular septum and tricuspid
annulus were significantly correlated. (C) The differences in the
MPI at the tricuspid annulus before and 6 months after closure
showed a significant reverse correlation with the differences in the
IVA at the interventricular septum
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worsening of LV systolic function. According to the hypothesis by

Ryan et al, it is possible that the duration of the volume deprived

period and the magnitude of the acute volume load for the LV influ-

enced LV systolic dysfunction after ASD closure. Although our study

was not able to affirm the mechanism of LV systolic dysfunction after

ASD closure, it validated the necessity of close observation for LV sys-

tolic dysfunction in elderly patients and patients with large shunts.

In our study, TDI parameters for both ventricles inconsistently

changed with time. Previous studies on ventricular function after ASD

closure involved different and inconsistent follow-up periods; there-

fore, the results were rather inconclusive.28–30 Takaya et al reported

that the improvement in exercise capacity was delayed to 6 months

after ASD closure in patients older than 40 years.30 Additionally, our

results showed that the alteration and adaptation of ventricular func-

tion for the acute changes in volume status and geometry can be

delayed and persist several months after closure, with differential times

in both ventricles. Therefore, a long-term follow-up study of patients

after ASD closure at both ventricles is needed.

4.1 | Limitations

As a limitation of our study, the LV was not fully evaluated by TDI and

the TDI parameters at mitral annulus including E/E0 could not be inves-

tigated. Because the axis of the ventricles severely tilted to the left due

to the huge dilated RV, the angle between the ultrasound beam and

the direction of wall motion at the mitral annulus was not acceptable in

a considerable number of subjects. To overcome this limitation, studies

using two-dimensional strain and strain rate are suggested. These

newly developed tools directly measure two-dimensional movement

with angle-independency. Also this study did not present the informa-

tion on RV mass and pulmonary hypertension that associated RV

function.

In previous studies, the intraobserver variability of measurements

by pulsed-wave TDI was reported as 6–12%.31,32 However, the repro-

ducibility of TDI was concerned in some reports especially for the slope

measurement,33 and some researchers have suggested about the supe-

riority of color coded TDI. In our study, we did not assess the intraob-

server variability and it is the limitation in terms of reliability of

measurements.

This study was conducted retrospectively, and the follow-up

period of our study was relatively short and the number of subjects

was relatively small. Considering that ventricular remodeling in

patients after ASD closure is differential relative to the time course,

a long-term follow-up evaluation with a larger number of subjects is

needed.

5 | CONCLUSIONS

After transcatheter ASD closure, in addition to the elimination of RV

volume overload, RV function by IVA improved. However, in old-age

patients and those with large shunts, global function was impaired with

deterioration of RV diastolic markers. LV systolic function decreased

after the procedure. With regard to the time course of the alteration in

ventricular function, it can be delayed and persist several months after

closure, with differential times in both ventricles. Therefore, a close

long-term observation of RV and LV dysfunction is required after trans-

catheter ASD closure, especially in old-age patients and those with

large shunts.
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