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ORIGINAL ARTICLE

Association of cardiac adaptations with NT-proBNP levels after
percutaneous closure of atrial septal defect
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ABSTRACT

Objective: The aim of this study was to evaluate the early
effects of transcatheter closure of secundum atrial septal
defect (ASD) on atrial and ventricular diameters and func-
tions evaluated by transthoracic echocardiography, and to
assess the relation of morphological changes to N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels.

Methods: Twenty-two patients with secundum-type ASD re-
ferred for percutaneous closure were included in the study as
well as 22 healthy individuals who served as a control group.
TTE and concurrent blood sampling were performed prior to
and 24 hours and 30 days after the closure procedure.
Results: At follow-up 24 hours and 30 days after the clo-
sure, the right atrial (RA) area, right ventricular (RV) area,
RV end-diastolic volume (EDV), and RV end-systolic
volume (ESV) decreased, while left ventricle (LV) EDV
(LVEDV), LVESV, and LV stroke volume (LVSV) increased.
Global RV systolic and diastolic function indices, such as
the tricuspid annular plane systolic excursion, the tricuspid
E/A and E/e’ ratio decreased immediately after the closure.
The NT-proBNP value increased in the 24 hours following
closure, and after 30 days, it was still higher than the mea-
surement recorded before the transcatheter closure. The LV
structural and functional parameters were significantly cor-
related with the NT-proBNP value (LVEDV: r=0.37, p=0.02;
LVESV: r=0.38, p=0.01; left atrium area: r=0.46, p=0.002;
mitral E/e’: r=0.28, p=0.04).

Conclusion: Percutaneous ASD closure can lead to both
early and sustained changes in cardiac anatomy and func-
tion involving both sides of the heart. The NT-proBNP level
had increased at 24 hours post procedure, and was also no-
tably increased 30 days after the percutaneous ASD closure,
which is associated with increased LV diameter and volume.

OZET

Amac: Bu calismada sekundum tip atriyal septal defektin
transkateter kapatilmasinin transtorasik ekokardiyografi ile
degerlendirilen atriyal ve ventrikiler genislik ile fonksiyonlar
Uzerine erken etkisi ve N-terminal beyin natrilretik peptid
(NT-pro BNP) duzeyi ile iligkisinin degerlendiriimesi amac-
lanmstir.

Yontemler: Galismaya perkutan olarak kapatiimak Uzere
yénlendirilen sekundum tip ASD tanili 22 hasta ve kontrol
grubu olarak 22 saglikli birey alindi. Hastalara islem énce-
sinde, 24 saat sonrasi ve 30 glin sonrasi TTE iglemi ve bi-
yokimya incelemesi yapildi.

Bulgular: Kapama iglemi sonrasi 24. saat ve 30. ginde
sag atriyum ve sag ventrikul alani, sag ventrikil diyastol
sonu hacmi (DSV), sag ventrikil sistol sonu hacmi (SSV)
azalmakta, diger tarafta sol ventrikller diyastol sonu hacmi
(SVDSV), sol ventrikiler sistol sonu hacmi (SVSSV) ve SV
atim hacmi artmakta idi. Global sag ventrikiler sistolik ve
diyastolik fonksiyon parametreleri (triklspit halkasi diizlemi
sistolik yer degistirmesi - TAPSE, triklspit E/A ve E/e’ ora-
ni) islemden hemen sonra azaldi. NT-proBNP dizeyi islem
sonrasi 24. saatte ylUkseldi ve 30. gunde islem 6ncesi de-
gere goére hala ylksek saptandi. Sol ventrikilin fonksiyonel
ve yapisal parametreleri ile NT-Pro BNP seviyesi arasin-
da anlamh korelasyon saptandi (SVDSV: r=0.37, p=0.02;
SVSSV: r=0.38, p=0.01; sol atriyum alani: r=0.46, p=0.002;
mitral E/e’: r=0.28, p=0.04).

Sonuc: Perkutan ASD kapatiimasi, kalbin iki tarafinda da
erken dénemde ve devamlilik gésteren anatomik ve fonk-
siyonel iglevlerde degisikliklere yol acgabilir. NT-pro BNP
seviyesi sol ventrikll ¢capinin ve hacminin artmasina bagli
olarak, perkitan ASD kapatilmasindan sonra 24. saatte ve
30. glinde artmaktadir.
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trial septal defect (ASD) is the most common  closure of ASD  appreviations:
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for 3 decades, and today this has become the pre- lous pulmonary Mitral late diastolic flling velocity
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ferred method to manage the majority of cases with ~ venous drainage, ,gp Atrial septal defect
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and effectively.™

Patients with an ASD may become symptomatic
due to chronic volume overload of the right heart
chambers. Common presenting symptoms are dys-
pnea on exertion, fatigue, and/or palpitations. Arry-
thmias may occur due to age-related chronic atrial
stretch predisposing to electrophysiological remodel-
ing and resulting in either atrial flutter or fibrillation.
561 After closure of the defect, a sudden change in
volume status occurs. In previous studies it has been
demonstrated that closure of an ASD may lead to re-
duced right heart volume due to diminishing left-to-
right shunting.”? However, there is controversy about
the recovery of the performance of the right ventricle
(RV) and right atrium (RA). Additionally, the effects
of ASD closure on the left side of the heart have been
poorly characterized. The objective of this study was
to evaluate the early effects of transcatheter closure of
secundum-type ASDs on both the right and left heart
chambers in terms of size and function using transtho-
racic echocardiography (TTE) and to determine any
correlation with N-terminal pro-brain natriuretic pep-
tide (NT-pro BNP) level.

METHODS

Study population

A total of 22 patients with secundum type ASD who
were referred for percutaneous closure between De-
cember 2012 and January 2014 were included in this
prospective study. A control group was consisted of 22
healthy age- and sex-matched adults. ASD was diag-
nosed with both TTE and transesophageal echocardio-
graphy and then confirmed by cardiac catheterization.
All of the patients had single-secundum type ASD.
Clinical indications for the closure of the ASD and the
inclusion criteria for the study were a significant left-
-to-right shunt (pulmonary:systemic flow ratio: >1.5-
1), shunt-related symptoms, and/or echocardiographic
signs of dilatation of the right heart chambers. The ex-
clusion criteria were contraindications for percutaneous
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requirig surgery, excursion
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disease, moder-

ate-severe valvular heart disease, and left ventricular
ejection fraction (LVEF) <55% on TTE. The study
protocol was approved by the ethics committee of our
institution and written consent was obtained from all
of the participants. TTE and blood sampling were per-
formed prior to the closure, and 24 hours and 30 days
after the procedure.

Transcatheter closure of atrial septal defect

Percutaneous closure of the ASD was performed un-
der general or local anesthesia with fluoroscopic and
transesophageal echocardiographic guidance. Fol-
lowing the measurement of the native and balloon-
stretched diameters of the defect, the procedure was
performed using an appropriately sized Occlutech
septal occluder (Occlutech GmbH, Jena, Germany).

Echocardiography

Echocardiographic examinations were performed
according to American Society of Echocardiogra-
phy recommendations with a Vivid 7 instrument (GE
Healthcare, Inc. Chicago, IL, USA) and a 2.5 MHz
transducer.®! Measurements were made on 3 repre-
sentative beats and the results were averaged. Stan-
dard echocardiographic analysis included 2-dimen-
sional, M-mode, and Doppler flow measurements. All
of the echo-Doppler studies were carried out by the
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same observer who was unaware of the clinical data
in order to avoid inter-reader variability. Each exami-
nation was recorded and another cardiologist blinded
to the status of the patients interpreted the results off-
line. Inter- and intra-observer variability was calcu-
lated using correlation analysis and the inter-observer
variability was determined to be <5%.

LVEF was measured from the apical 4-chamber
view using the biplane Simpson’s method. End-dias-
tolic areas of cardiac chambers were measured with
manual planimetry in the apical 4-chamber view.
Chamber quantification and other echocardiographic
measurements were assessed according to the Ameri-
can Society of Echocardiography guidelines.®

Using apical 4-chamber views and pulse wave
recordings at the level of the mitral leaflet tips-annu-
lus, diastolic function of the left ventricle (LV) was
evaluated. Mitral inflow velocity during early dias-
tolic filling (E) and late diastolic filling velocity due
to atrial contraction (A) were measured, and the E/A
ratio and E wave deceleration time (DTE) were also
calculated. Using a 5-mm sample volume placed in
the lateral mitral annulus, maximum systolic (Sm),
early (e’), and late (a’) diastolic velocities were mea-
sured. The E/e’ ratio of the LV was also calculated.”!
The myocardial performance index (MPI) was calcu-
lated as the sum of the isovolumic contraction time
and isovolumic relaxation time divided by ejection
time (ET).'” Standard Doppler and tissue Doppler
imaging measurements were also obtained for the RV.
To determine the motion and excursion of tricuspid
annulus (TAPSE), an M-Mode cursor was placed at
the junction of the tricuspid valve plane with the RV
free wall using the apical 4-chamber view images.'"!
The pulmonary to systemic flow shunt ratio was cal-
culated as previously described.'?

NT-pro BNP analysis

Blood samples were collected from the antecubital
vein before the procedure, and 1 day and 1 month af-
ter transcatheter closure of the ASD. The plasma level
of NT-pro BNP was measured using the Elecsys 2010
system (Roche Diagnostics GmbH, Risch-Rotkreuz,
Switzerland). This is an electrochemiluminescent
sandwich immunoassay using 2 polyclonal antibodies
directed at the NT-pro BNP molecule.

Statistical analysis

Statistical analyses were performed using IBM SPSS

Statistics for Windows, Version 20.0 (IBM Corp., Ar-
monk, NY, USA). Comparison of categorical variables
between the groups was performed using a chi-squared
test. The Kolmogorov—Smirnov test was performed to
evaluate the normality of distribution of all continuous
variables. Analysis of variance was used to assess con-
tinuous variables. Correlations between NT-pro BNP
level and echocardiographic parameters were assessed
using the Pearson correlation test. A 2-tailed p<0.05
was considered statistically significant.

RESULTS

A comparison of baseline demographic and clinical
data of the patients with an ASD and the control group
was shown in Table 1. Transcatheter closure of the
ASD was successfully performed in all of the patients
using an Occlutech septal occluder device without
any complications. There was no residual shunt de-
tected 30 days after the procedure.

Echocardiographic findings

The mean diameter of the native defect was 19.3+7.8
mm using echocardiography and 21.6+6.7 mm with
a sizing balloon. The trend in the echocardiographic
parameters and NT-pro BNP level before the proce-
dure, and 24 hours and 30 days after the transcatheter
closure of the ASD and comparison with the control
group is provided in Table 2. Transcatheter ASD clo-
sure resulted in significant cardiac remodeling with
reversal of the right-to-left volumetric imbalance.

Table 1. Demographics of patients enrolled in the study

ASD Control p

patients Group

(n=22) (n=22)
Age (years) 39.3+x12.4 39.6+9.5 0.943
Gender
(male/female) (8/14) (11/11) 0.194
Weight (kg) 68.8+10.7 74.7+x143  0.129
Height (cm) 164+9.6 165.2+8.7  0.671
ASD diameter
(echo) (mm) 19.8+7.4
Balloon size (mm) 21.6+6.7
Device size (mm) 23.4+7.7
Qp/Qs 1.97+0.24

ASD: Atrial septal defect.
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Table 2. Comparison of morphological echocardiographic parameters and NT-pro BNP level
Before 24 hours 30 days Control F p

LVEF (%) 65.1£3.4 65.9+4.4 64.7+2.9 63.7+3.1 0.72 0.543
LVDD (mm) 40.4+2.6" 41.6+£3 43.2+4 1 46.3+4.12 5.181 0.002
LVSD (mm) 26.1+2.3* 26.1+2.2** 28+2.9"** 30.3+2.3 4.808 0.004
LA (mm) 32.7+6 32.7+7.2 32.8+6 33.1£3.6 1.89 0.903
LV area (mm?) 23.3+4.22 21.9+5.7 23.1+5.7 19.6+5.3 2.02 0.11
LA area (mm?) 16.4+5.4%2 15+5.4 14.946.5 12.6+3 1.94 0.13
RV area (mm?) 21.4+7.6% 17+5.9 15.745.2 11.7+2.83a=a 10.23 <0.001
RA area (mm?) 17.316.8° 12.3+2.8% 12+3.3 10.7+2.1 9.69 <0.001
NT-ProBNP (pg/mL) 25.3+29.2° 51.6+46.1 87.7+101.7 16.2+17.7¢° 4.86 0.004
LVEDV (mL) 70.5+11.6 77.2+14.6 80.3+21.5 101.1x16.1f 11.52 <0.001
LVESV (mL) 23.8+6.2¢ 26.2+6.199 31.3+8.2 35.8+6.9 10.81 <0.001
LVSV (mL) 46.6+7 49.6+9.2 54.7+14.7 65.2+11.2" 10 <0.001
RVEDV (mL) 38.9+36.3 22.3+25.8 24.2+11.9 12+5.4M 3.31 0.03
RVESV (mL) 26.3+28.3 13.1+17.7 9.9+7.2 4.3+1.9hhh 4.09 0.01
RVSV (mL) 12.5+8.5 9.3+8 14.3+5.7 7.7+49 2.51 0.07

LVEF: Left ventricle ejection fraction; LVDD: Left ventricle diastolic diameter; LVSD: Left ventricle systolic diameter; LA: Left atrium; RV: Right ventricle; RA:
Right atrium; LVEDV: Left ventricle end diastolic volume; LVESV: Left ventricle end systolic volume; LVSV: Left ventricle stroke volume; RVEDV: Right ventricle
end diastolic volume; RVESVR Right ventricle end diastolic volume; RVSV: Right ventricle stroke volume.

'p=0.01 vs. group Ill; p<0.001 vs. group IV. 2p<0.001 vs. group II; p=0.01 vs. group lll. *p=0.06 vs. group II; p<0.001 vs. group IV. **p=0.02 vs. group lll;
p<0.001 vs. group IV. ***p=0.006 vs. group IV. 2p=0.02 vs. group IV. #p=0.01 vs. group VI. #p=0.06 vs. group II; p=0.01 vs. group llI; p<0.001 vs. group IV.
asaapn=0.002 vs. group II; p=0.006 vs. group llI. °p=0.006 vs. group II; p=0.005 vs. group llI; p=0.001 vs. group llI. ®»p=0.04 vs. group IV. ®p=0.02 vs. group lII.
eep=0.01 vs. group II; p=0.01 vs. group lIl. p=0.01 vs. group llI; p<0.001 vs. group IV. fp<0.001 vs. group II; p=0.01 vs. group Ill. 9p=0.003 vs. group III;
p<0.001 vs. group IV. 99p=0.03 vs. group lII; p<0.001 vs. group IV. "p=0<001 vs. group |; p<0.001 vs. group II; p=0.02 vs. group lll. ""p=0.004 vs. group [;
p=0.03 vs. group Ill. """p=0.002 vs. group |; p=0.04 vs. group II. 9p=0.02 vs. group Ill. 3P<0.05 versus before closure group. °P<0.05 versus after 24 hours

group. °P<0.05 versus after 30 days group. ¢P<0.05 versus control group.

The comparison of baseline measures with those of
the follow-up examinations at 24 hours and 30 days
after the procedure revealed a significant decrease in
the area of the RA and the RV. The RA and RV areas
in the study group were higher at 24 hours than those
of the control group; however, after 30 days, the RA

90
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Figure 1. Changes in NT-BNP levels during follow up pe-
riod. NT-pro BNP: N-terminal pro-brain natriuretic peptide.

area was similar in the 2 groups while the RV area
of the patient group was still greater than that of the
control group after 30 days. The end diastolic volume
(EDV), end systolic volume (ESV), and stroke vol-
ume (SV) of the RV were lower following closure of
the ASD. However, these parameters were still higher
than those of the control group at 30 days. The area
of the LA and LV was not significantly different at 24
hours or 30 days when compared with the baseline
values. The EDV, ESV, and SV of the LV were greater
immediately after the procedure. At 30 days, these
parameters were still lower than those of the control
group.

Global systolic and diastolic function indices of
RV, such as TAPSE, tricuspid DTE, tricuspid E/A ra-
tio, and tricuspid E/e’ ratio decreased immediately af-
ter closure. However, among these measures, only the
change in TAPSE reached statistical significance. The
EF and MPI of the RV were increased at 24 hours and
30 days compared with baseline values. Systolic and
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Table 3. Comparison of Doppler echocardiographic parameters
Before 24 hours 30 days Control F p

Mitral E/A 1.25+0.3 1.18+0.4 1.18+0.4 1.16+0.3 0.21 0.88
Mitral E/e’ 7.36+2.5 7.86+3 7.78+3.1 6.94+3.1 0.42 0.73
Mitral Dec T (ms) 257456 254469 263183 309+82¢ 24 0.07
LV MPI 0.64+0.33 0.66+0.19 0.59+0.14 0.47+0.06° 3.78 0.01
Tricuspid E/A 1.19+0.4 1.1+0.2 1.03+0.2 1.12+0.2 0.907 0.44
Tricuspid E/e’ 5.75+3.9 5.04+2.3 4.41+1.6 5.06+1.5 0.968 0.41
Tricuspid Dec T (ms) 258+69 254+46 222462 293+57° 4.86 0.004
TAPSE (mm) 21.8+4.5¢ 18.7+4.6 17.6+4.2 18+2.3 4.9 0.003
RV MPI 0.48+0.14 0.56+0.1 0.59+0.1 0.53+0.1 212 0.1

Mitral E: Mitral early diastolic velocity; Mitral A: Mitral late diastolic velocity; Mitral e’: Mitral annular early diastolic velocity; Mitral Dec T: Mitral deceleration
time; LVMPI: Left ventricle myocrdial performance indices; Tricuspid Dec T: Tricuspid deceleration time; Tricuspid E: Tricuspid early diastolic velocity; Tri-
cuspid A: Tricuspid late diastolic velocity; Tricuspid e’: Tricuspid annular early diastolic velocity; TAPSE: Tricuspid annular plane systolic excursion; RV MPI:

Right ventricle myocrdial performance indices.

°P=0.02 vs. group |; p=0.02 vs. group Il. °P=0.03 vs. group |; p<0.001 vs. group II; p=0.001 vs. group lII. ©°*P=0.02 vs. group II; p=0.001 vs. group lII. ¢P=0.02
vs. group II; p=0.03 vs. group Ill; p=0.001 vs. group IV. %P=0.03 vs. group lll. 3P<0.05 versus before closure group. °P<0.05 versus after 24 hours group.

°P<0.05 versus after 30 days group. ¢P<0.05 versus control group.

diastolic function indices of the LV were not signifi-
cantly changed after closure. The NT-pro BNP values
in the ASD patients were similar to those of the control
group before the transcatheter closure. Following the
procedure, the NT-pro BNP value increased 24 hours
after closure, and after 30 days, it was still higher than
the values recorded before the transcatheter closure
(Fig. 1). The correlation between NT-pro BNP value
and echocardiographic measurements is demonstrated
in Table 3. The structural and functional parameters of
the LV were significantly correlated with the NT-pro
BNP value.

DISCUSSION

Our results indicated that percutaneous closure of ASD
has multiple beneficial effects on cardiac anatomy and
physiology. A decrease in the right chamber size of
the heart appeared as early as the first day after the
procedure. However, the left side of the heart may be
exposed to hemodynamic stress, depending on vol-
ume overload after the ASD closure, and LV volume
was found to be increased. The levels of NT-pro BNP
increased within the first day and were still elevated
30 days after the procedure, which is associated with
increased LV diameters and volumes.

Similar to our study findings, previous studies
have demonstrated reductions in RA and RV dimen-
sions after percutaneous closure of ASD.'*151 Agac

et al."® reported that the diameters of the RV and the
RA were both decreased after the early period of tran-
scatheter closure of ASD. Following the procedure,
reduction in the volume of the right heart chambers
can be an expected finding as a result of the removal
of the left-to-right shunt. Remodeling of the RV and
the RA has been reported to occur within 24 hours and
to improve over the course of the next 6 to 8 weeks
following the procedure.!"”'8 In our study, the areas of
the RA and the RV decreased within the first 24 hours
and had continued to decrease 30 days after the clo-
sure of the ASD, and the RA area was similar to that
of the control group at 30 days. However, the area of
the RV was still greater than that of the control group.
These results are comparable to those of previous
studies.713-13)

The functional measures of RV (i.e., TAPSE and
basal systolic tissue Doppler velocity) have been gen-
erally reported to decrease significantly within 24
hours of closure and to continue to decline over the
succeeding 6 to 8 weeks.'3!°! Previous studies have
demonstrated that the TAPSE value decreased and the
MPI of the RV increased following percutaneous clo-
sure of an ASD. In addition, Vitarelli et al."” found
that the global longitudinal strain of the RV was sig-
nificantly greater in patients with an ASD than in a
control group and it significantly decreased after clo-
sure of the defect. In our study, the TAPSE measure-
ment decreased significantly and the MPI of the RV
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increased after the procedure. These results are con-
sistent with physiological distinctions of the RV and
can be explained by lower volume in the RV after the
closure, which leads the RV to pump sufficient vol-
ume with a slightly decreased functional state.

In other studies it has been reported that the di-
ameter and volume of the LV has been larger after
percutaneous closure of an ASD.!'821 Monfredi et
al.'® showed a significant increase in diastolic diam-
eter and fractional shortening of the LV following the
procedure and these findings progressed until as late
as 6 to 8 weeks post procedure. It has been postulated
that in patients with an ASD due to volume overload
of the RV, adverse ventricular interdependence occurs
and the septum bulges into the LV cavity, which leads
to impairment of LV filling, and consequently, LV
systolic and diastolic functions worsen. This situation
has been reported to be resolved following percuta-
neous closure of ASD.I"82°2!1 Similarly, we found that
both the EDV and the SV of the LV were greater im-
mediately after closure of the ASD and continued to
increase for 30 days. LVEDYV and end systolic diame-
ter were greater after the procedure, but did not reach
the level of statistical significance.

It is well known that plasma BNP and NT-pro BNP
levels are hemodynamic indicators of LV function.*!
In chronic left heart failure, an elevated BNP concen-
tration has been associated with a poor prognosis.”!
In previous studies, BNP levels have been reported
to increase early after percutaneous ASD closure and
they have decreased to pre-procedural levels after 1
to 2 months of follow-up.***! In the present study,
NT-pro BNP levels were increased 24 hours after
the procedure and they were still elevated after 30
days. In addition, the NT-pro BNP level was signifi-
cantly correlated with the ESV and SV of the LV, the
E/e’ ratio of the LV, and the area of the LA. It has
been speculated that the NT-pro BNP level may be
significantly correlated with RV hemodynamics and
volume.” However, we did not find any correlation
between NT-pro BNP and measurements of RV. The
primary stimulus for NT-pro BNP release appears to
be LV wall stretch in response to volume or pressure
overload.?? Our results on this issue were compatible.

Limitations

The small number of participants is the main limita-
tion of this study. Secondly, since our follow-up pe-

riod was relatively short, it is not possible to predict
the long-term effects of percutaneous closure of an
ASD. It may be reasonable to predict normalization
of cardiac structure, functions, and NT-pro BNP level
with longer follow-up periods. Thirdly, more sophis-
ticated echocardiographic methods (speckle tracking,
3D) can be used for myocardial assessment in both
cardiac chambers.

In conclusion, percutaneous closure of an ASD leads to
immediate and sustained changes in cardiac anatomy
and functions involving both sides of the heart. The
NT-pro BNP level begins to increase within 24 hours
and continue for 30 days after the procedure in rela-
tion to an increase in LV dimension and volume. Th-
ese findings suggest that after transcatheter closure of
an ASD with the removal of a left-to-right shunt, the
LV may be subjected to hemodynamic stress, depend-
ing on volume overload.

Ethics Committee Approval: The study protocol was ap-
proved by the Katip Celebi University Ethics Committee.

Peer-review: Externally peer-reviewed.
Conflict-of-interest: None.

Authorship contributions: Concept: BK., NK.E., SE;
Design: BK., SE., EO. Supervision: H.D., NK.E.; Ma-
terials: B.K.,H.D.,NK.H.,HS.,AK.C.; Data: BK.,SE.,
HS., E.O.,A.K.C.; Analysis: B.K.,M.K; Literature search:
B K., M .K.; Writing: B.K_; Critical revision: B.K., EO.

REFERENCES

1. Mezawa H, Tomotaki A, Yamamoto-Hanada K, Ishitsuka K,
Ayabe T, Konishi M, et al. Prevalence of Congenital Anoma-
lies in the Japan Environment and Children’s Study. J Epi-
demiol 2018 Sep 22 [Epub ahead of print], doi: 10.2188/jea.
JE20180014. [CrossRef]

2. BachaE. Transcatheter Versus Surgical Closure of Atrial Sep-
tal Defects. JACC Cardiovasc Interv 2016;9:87—8. [CrossRef]

3. Webb G, Gatzoulis MA. Atrial septal defects in the adult: re-
cent progress and overview. Circulation 2006;114:1645-53.

4. Hornung M, Franke J, Id D, Sievert H. [Interventional closure
of atrial septal defects, patent oval foramen and ventricular
septal defects]. [Article in German]. Herz 2015;40:765-70.

5. Roberts-Thomson KC, John B, Worthley SG, Brooks AG,
Stiles MK, Lau DH, et al. Left atrial remodeling in patients with
atrial septal defects. Heart Rhythm 2009;6:1000—6. [CrossRef]

6. Fang F, Luo XX, Lin QS, Kwong JS, Zhang YC, Jiang X, et
al. Characterization of mid-term atrial geometrical and elec-
trical remodeling following device closure of atrial septal de-
fects in adults. Int J Cardiol 2013;168:467=71. [CrossRef]


https://doi.org/10.2188/jea.JE20180014
https://doi.org/10.1016/j.jcin.2015.11.011
https://doi.org/10.1161/CIRCULATIONAHA.105.592055
https://doi.org/10.1016/j.hrthm.2009.03.050
https://doi.org/10.1016/j.ijcard.2012.09.119

264 Turk Kardiyol Dern Ars
7. Akula VS, Durgaprasad R, Velam V, Kasala L, Rodda M, 17. Teo KS, Dundon BK, Molaee P, Williams KF, Carbone A,
Erathi HV, et al. Right Ventricle before and after Atrial Septal Brown MA, et al. Percutaneous closure of atrial septal de-
Defect Device Closure. Echocardiography 2016;33:1381-8. fects leads to normalisation of atrial and ventricular volumes.
8. Badano LP, Kolias TJ, Muraru D, Abraham TP, Aurigemma J Cardiovasc Magn Reson 2008;10:55. [CrossRef]
G, Edvardsen T, et al. Standardization of left atrial, right 18. Monfredi O, Luckie M, Mirjafari H, Willard T, Buckley H,
ventricular, and right atrial deformation imaging using two- Griffiths L, et al. Percutaneous device closure of atrial septal
dimensional speckle tracking echocardiography: a consensus defect results in very early and sustained changes of right and
document of the EACVI/ASE/Industry Task Force to stan- left heart function. Int J Cardiol 2013;167:1578—84. [CrossRef]
dardize deformation imaging. Eur Heart J Cardiovasc Imag- 19. Vitarelli A, Sardella G, Roma AD, Capotosto L, De Curtis G,
ing 2018;19:591-600. [CrossRef] D’Orazio S, et al. Assessment of right ventricular function by
9. Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H, three-dimensional echocardiography and myocardial strain
Baumann R, et al. Definitions for a common standard for 2D imaging in adult atrial septal defect before and after percuta-
speckle tracking echocardiography: consensus document of the neous closure. Int J Cardiovasc Imaging 2012;28:1905-16.
EACVI/ASE/Industry Task Force to standardize deformation 20. Yuan YQ, Huang Q, Yu L, Wang RM, Zhao YJ, Guo YX, et al.
imaging. J Am Soc Echocardiogr 2015;28:183-93. [CrossRef] Long-term follow up of interventional therapy of secundum
10. Tei C, Ling LH, Hodge DO, Bailey KR, Oh JK, Rodehef- atrial septal defect. Chin Med J (Engl) 2012;125:149-52.
fer RJ, et al. New index of combined systolic and diastolic 21. Walker RE, Moran AM, Gauvreau K, Colan SD. Evidence
myocardial performance: a simple and reproducible measure of adverse ventricular interdependence in patients with atrial
of cardiac function--a study in normals and dilated cardiomy- septal defects. Am J Cardiol 2004;93:1374—7,A6. [CrossRef]
opathy. J Cardiol 1995;26:357—66. [CrossRef] 22. Oremus M, Don-Wauchope A, McKelvie R, Santaguida PL,
11. Lépez-Candales A, Rajagopalan N, Gulyasy B, Edelman K, Hill S, Balion C, et al. BNP and NT-proBNP as prognostic
Bazaz R. Comparative echocardiographic analysis of mitral markers in persons with chronic stable heart failure. Heart
and tricuspid annular motion: differences explained with Fail Rev 2014;19:471-505. [CrossRef]
proposed anatomic-structural correlates. Echocardiography 23. Koglin J, Pehlivanli S, Schwaiblmair M, Vogeser M, Cremer
2007;24:353-9. [CrossRef] P, vonScheidt W. Role of brain natriuretic peptide in risk strat-
12. Dittmann H, Jacksch R, Voelker W, Karsch KR, Seipel L. Ac- ification of patients with congestive heart failure. ] Am Coll
curacy of Doppler echocardiography in quantification of left Cardiol 2001;38:1934—41. [CrossRef]
to right shunts in adult patients with atrial septal defect. ] Am 24. Muta H, Ishii M, Maeno Y, Akagi T, Kato H. Quantitative
Coll Cardiol 1988;11:338—42. [CrossRef] evaluation of the changes in plasma concentrations of cardiac
13. Kort HW, Balzer DT, Johnson MC. Resolution of right heart natriuretic peptide before and after transcatheter closure of
enlargement after closure of secundum atrial septal defectwith atrial septal defect. Acta Paediatr 2002;91:649-52. [CrossRef]
transcatheter technique. J Am Coll Cardiol 2001;38:1528-32. 25. Weber M, Dill T, Deetjen A, Neumann T, Ekinci O, Hansel
14. Schoen SP, Kittner T, Bohl S, Braun MU, Simonis G, Sch- J, et al. Left ventricular adaptation after atrial septal defect
meisser A, et al. Transcatheter closure of atrial septal defects closure assessed by increased concentrations of N-terminal
improves right ventricular volume, mass, function, pulmonary pro-brain natriuretic peptide and cardiac magnetic resonance
pressure, and functional class: a magnetic resonance imaging imaging in adult patients. Heart 2006;92:671-5. [CrossRef]
study. Heart 2006;92:821—6. [CrossRef] 26. Schoen SP, Zimmermann T, Kittner T, Braun MU, Fuhrmann
15. Ozturk O, Ozturk U, Ozturk S. Assessment of right atrial J, Schmeisser A, et al. NT-proBNP correlates with right heart
function with speckle tracking echocardiography afterpercu- haemodynamic parameters and volumes in patients with atrial
taneous closure of an atrial septal defect. [Article in English, septal defects. Eur J Heart Fail 2007;9:660-6. [CrossRef]
Portuguese]. Rev Port Cardiol 2017;36:895-900. [CrossRef]
16. Aga¢ MT, Akyiiz AR, Acar Z, Akdemir R, Korkmaz L, Kiris Keywords: Atrial septal defect; brain natriuretic peptide; echocar-

A, et al. Evaluation of right ventricular function in early pe-
riod following transcatheter closure of atrial septal defect.
Echocardiography 2012;29:358—62. [CrossRef]

diography; left ventricular remodeling.

Anahtar sézctlikler: Atriyal septal defekt; brain natritiretik peptit; eko-
kardiyografi; sol ventrikiler yeniden sekillenme.


https://doi.org/10.1111/echo.13250
https://doi.org/10.1093/ehjci/jey042
https://doi.org/10.1016/j.echo.2014.11.003
https://doi.org/10.1016/S0894-7317(05)80111-7
https://doi.org/10.1111/j.1540-8175.2006.00408.x
https://doi.org/10.1016/0735-1097(88)90099-X
https://doi.org/10.1016/S0735-1097(01)01547-9
https://doi.org/10.1136/hrt.2005.070060
https://doi.org/10.1016/j.repc.2017.06.013
https://doi.org/10.1111/j.1540-8175.2011.01558.x
https://doi.org/10.1186/1532-429X-10-55
https://doi.org/10.1016/j.ijcard.2012.04.081
https://doi.org/10.1007/s10554-012-0022-8
https://doi.org/10.1016/j.amjcard.2004.02.033
https://doi.org/10.1007/s10741-014-9439-6
https://doi.org/10.1016/S0735-1097(01)01672-2
https://doi.org/10.1080/080352502760069043
https://doi.org/10.1136/hrt.2005.065607
https://doi.org/10.1016/j.ejheart.2007.01.014

