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Abstract There are very few studies in the literature on

respiratory system functions and complications of children

with an atrial septal defect (ASD). The aim of this study is

to investigate the pulmonary functions and pulmonary

complications before and after transcatheter closure in

children with an ASD. In this study, pulmonary function

test parameters of 30 ASD patients between 5 and 18 years

of age who were eligible to be treated by transcatheter ASD

closure were compared with 30 healthy children. The

patients undergoing transcatheter ASD closure received

pulmonary function tests (PFT) at baseline (1 day before

ASD closure), and 3 months after the procedure. Forced

vital capacity (FVC), forced expired volume in 1 s (FEV1),

peak expiratory flow, and mean forced expiratory flow

during the middle half of FVC were measured. The mean

age of the 30 ASD patients was 9.59 ± 3.1 years; and 20

(66.6%) were female and 10 (33.3%) were male. The mean

age of the control group was 10.15 ± 2.21 years, and 19

(63.3%) were girls and 11 (36.6%) were males. ASD

patients had significantly reduced FVC (73.11 ± 24.6%;

86.05 ± 26.1; p = 0.001, respectively), and FEV1

(81.34 ± 26.2% and 99.2 ± 19.6%; p = 0.001; respec-

tively) at baseline. But significant improvement was

observed in FVC values in the 3rd-month post-closure

comparison of the patient group with the control group

(73.11 ± 24.6%; and 88.36 ± 14.5%; p = 0.01,

respectively); FEV1 values (81.34 ± 26% and

99.54 ± 18.2%; p = 0.005, respectively) and mean forced

expiratory flow between 25 and 75% of vital capacity

(MEF25–75) values (94.6 ± 33.4% and 124.2 ± -24.1%;

p = 0.01, respectively) were also improved. There was no

statistically significant relationship between the PFT mea-

surements at baseline and after closure of the defect and

age at transcatheter closure, gender, body height, body

weight, ASD diameter, Qp/Qs, right ventricle systolic

pressure, or mean pulmonary artery pressure values. At the

3rd month of ASD closure, there was no significant dif-

ference in the comparison of the PFT values of the patient

and control group. Disturbance in the significant flow

limitation of the peripheral airway of ASD patients was

observed with PFT. Better pulmonary outcomes were

observed in ASD patients after transcatheter closure.

Keywords Atrial septal defect � Pulmonary function �
Spirometry

Introduction

Atrial septal defects (ASD) are common among children

with congenital heart diseases (CHD) [1]. According to

different anatomical levels, ASD can be classified as

secundum, primum, and sinus venosus types. In ASD, the

left-to-right blood shunting causes right heart volume

overload. Long-period exposure to right heart volume

overload may cause right atrium and ventricle dilatations

and increase pulmonary blood flow. Pulmonary hyperten-

sion (PH) and right heart failure occur in untreated ASD

patients [2].

Although we very often encounter ASD in children,

there is not enough published data regarding the changes of
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pulmonary functions after transcatheter closure in pediatric

ASD patients, and the results of past studies are contra-

dictory [3, 4]. In this study, we aimed to assess the early

changes in pulmonary outcomes in pediatric patients before

and after transcatheter closure of an ASD.

Materials and Methods

Thirty children between the ages of 5 and 18 with an ASD

were included in this study. The demographic and clinical

characteristics of the participants were recorded. Thirty

age- and sex-matched healthy children constituted the

control group. The demographic and clinical characteristics

of healthy children were recorded from the same comput-

erized database. All patients’ parents signed individual

informed consent forms before enrollment, and all proce-

dures were in accordance with the ethical guidelines of our

institution.

The Vivid 7 Pro Ultrasound System (GE Medical Sys-

tems, Norway) was used for two-dimensional, M-mode,

and colour-flow Doppler imaging echocardiography before

and after successful transcatheter closure. Echocardio-

graphic examinations were performed after vital signs,

blood pressures, oxygen saturations, and echocardiograms

(ECG) of the patient and control groups were evaluated.

The general conditions of the ASD patients, age and

weight, presence of clinical symptoms related to ASD,

ASD diameters, presence of adequate rim, and distances of

the defects from the atrioventricular valves were recorded.

Thirty of the 40 ASD patients were found to be tran-

scatheter closure-compatible. Ten patients were excluded

from the study because they were not suitable for tran-

scatheter closure or had PH. Respiratory function tests

were performed according to the American Thoracic

Society and European Respiratory Society child criteria

[5, 6]. ASD closure was performed under general anaes-

thesia, fluoroscopy, and transesophageal echocardiography

(TEE). Left and right heart catheterization was performed

to measure the pulmonary artery pressure during tran-

scatheter ASD closure and to calculate pulmonary vascular

resistance with left–right shunt volume. Mean pulmonary

artery pressure (MPAP) and right ventricular systolic

pressure (RVSP) were recorded. Pulmonary flow-to-sys-

temic flow (Qp/Qs) ratios were calculated by oximetry

according to Fick’s principles. The size, location, and

relation of the ASD to surrounding tissues were assessed by

TEE. An Amplatzer septal occluder (ASO, St. Jude Med-

ical, Plymouth, MN, USA) was implanted using previously

reported techniques [7]. The pulmonary function test (PFT)

values of the patients before and 3 months after tran-

scatheter ASD closure were compared again. The same

equipment (ZAN100 USB spirometer, nSpire Health

GmbH, Oberthulba, Germany) was used to conduct the

PFT in all ASD patients. Pulmonary outcomes were

assessed individually based on the PFT data. The ASD

patients at baseline and 3 months after percutaneous tran-

scatheter ASD closure were classified as either normal

[forced vital capacity (FVC) and forced expired volume in

1 s (FEV1) C 80% of the predicted value with normal

FEV1/FVC], obstructive (FEV1/FVC\ 80%), or restric-

tive (FVC\ 80% of the predicted value with normal

FEV1/FVC).

Statistical Analysis

Data for quantitative variables are given as mean ± stan-

dard deviation (mean ± SD) or median (minimum–maxi-

mum). Data on qualitative variables were presented in

terms of number and percentage. Quantitative variables

were tested with the Shapiro–Wilk normality test. Unpaired

t tests, Mann–Whitney U tests and Pearson chi-squared

analysis were used to compare the values between groups.

The PFT parameters between baseline and 3 months after

the procedure were compared by repeated and measured

one-way analysis of variance (ANOVA). p\ 0.05 was

considered statistically significant. SPSS 18.0 (SPSS Inc.,

Chicago, IL, USA) was used for data management and

analysis.

Results

Simple Statistical Calculations

Between January 2011 and February 2017, 30 pediatric

ASD patients, 20 (66.6%) females and 10 (33.4%) males,

were enrolled in this study. The mean age of the ASD

patients was 9.47 ± 3.59 years. There was no statistically

difference between the groups in terms of height, age, and

weight (p[ 0.05; Table 1). Before ASD closure, compared

with the healthy group, the ASD patients had reduced mean

FVC, FEV1, FEV1/FVC, peak expiratory flow (PEF), and

mean forced expiratory flow between 25 and 75% of vital

capacity (MEF25–75) values but only FVC

(73.11 ± 24.6% vs. 86.05 ± 26.1%; p = 0.001), FEV1

(81.34 ± 26.2% vs. 99.2 ± 19.6%; p = 0.001) were sig-

nificantly lower (p\ 0.05). The baseline PFT of the ASD

patients and controls included in the study are summarized

in Table 2. When control PFT were performed 3 months

after the transcatheter ASD closure, FVC (73.11 ± 24.6%

vs. 88.36 ± 14.5%; p = 0.010), FEV1 (81.34 ± 26.2% vs.

99.54 ± 18.2%; p = 0.005), and MEF25–75

(94.6 ± 33.4% vs. 124.2 ± 24.1%; p = 0.010) values of

the ASD patients were significantly improved (Table 3).
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There was an increase in FEV1/FVC and PEF values, but

this increase was not statistically significant (p[ 0.05). In

the 3rd month of the ASD closure, there was no significant

difference between PFT values of the patient and control

groups (Table 4). Of the 30 children completing spirometry

tests, 16 (53.3%) had normal PFT, 5 (16.6%) had an

obstructive defect, and 9 (30%) had a restrictive defect

before the transcatheter closure. Three months after the

transcatheter closure of ASD, patients with normal PFT

increased from 16 (53.3%) at baseline to 22 (73.3%), and 3

of 5 patients with air flow obstruction and 3 of 9 with a

restrictive defect at baseline were reclassified as normal

(Table 5).

Multiple Linear Regression Analysis

Clinical and echocardiographic variables which could be

correlated with PFT values in the Student’s t test [secun-

dum ASD diameter (mm) with echocardiography and TTE,

Qp/Qs, RVSP (mmHg), MPAP (mmHg), gender, age

(years), body height (cm), and body weight (kg)] were

included in multiple linear regression analysis to detect the

determinants of possible pulmonary dysfunction in the

patient group. There was no statistically significant rela-

tionship between the PFT measurements at baseline and

after the closure of the defect and age at transcatheter

Table 1 Baseline clinical,

echocardiographic, and

hemodynamic characteristics of

the groups

ASD patients (n = 30) Controls (n = 30) p

Age (years) 9.59 ± 3.1 10.15 ± 2.21 0.35

Body height (cm) 136.1 ± 20.0 137.5 ± 20.4 0.39

Body weight (kg) 34.5 ± 11.7 35.1 ± 12.6 0.60

Gender (M: male, F: female) 20F/10M 19F/11M 0.40

Secundum ASD diameter, TTE (mm) 10.57 ± 4.05 – –

Qp/Qs 1.94 ± 0.79 – –

Right ventricle systolic pressure (mmHg) 28.2 ± 5.3 – –

Mean pulmonary artery pressure (mmHg) 18.1 ± 3.9 – –

Values are expressed as mean ± SD

TTE transthoracic echocardiography; Qp/Qs the ratio of pulmonary-to-systemic flow

* p\ 0.05

Table 2 Comparison of PFT

parameters in ASD patients and

controls at baseline

ASD patients (n = 30) Controls (n = 30) p

FVC (%)a 73.11 ± 24.6 86.05 ± 26.1 0.001*

FEV1 (%)a 81.34 ± 26.2 99.2 ± 19.6 0.001*

PEF (%)a 83.52 ± 21.5 89.24 ± 16.4 0.22

MEF25–75 (%)a 94.6 ± 33.4 109.47 ± 26.3 0.60

FEV1/FVCb 114 (80–121) 118 (95–128) 0.32

p\ 0.05 indicates statistically significant, and p\ 0.05 are given in bold

FVC forced vital capacity; FEV1 forced expired volume in 1 s; FEV1/FVC FEV1 to FVC ratio; PEF peak

expiratory flow; MEF25–75 mean forced expiratory flow between 25 and 75% of vital capacity

* p\ 0.05
aValues are expressed as mean ± SD
bOr median (min–max)

Table 3 Comparison of PFT parameters in ASD patients at baseline

and 3 months after transcatheter ASD closure

Baseline Three months after p

FVC (%)a 73.11 ± 24.6 88.36 ± 14.5 0.01*

FEV1 (%)a 81.34 ± 26.2 99.54 ± 18.2 0.005*

PEF (%)a 83.52 ± 21.5 92.31 ± 18.4 0.07

MEF25–75 (%)a 94.6 ± 33.4 124.2 ± 24.1 0.01*

FEV1/FVCb 114 (80–121) 115 (107–124) 0.52

p\ 0.05 indicates statistically significant, and p\ 0.05 are given in

bold

FVC forced vital capacity; FEV1 forced expired volume in 1 s; FEV1/

FVC FEV1 to FVC ratio; PEF peak expiratory flow; MEF25–75

mean forced expiratory flow between 25 and 75% of vital capacity

* p\ 0.05
aValues are expressed as mean ± SD
bOr median (min–max)
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closure, gender, body height, body weight, ASD diameter,

Qp/Qs, MPAP and RVSP.

Discussion

To our knowledge, this is the first study to compare the

PFT parameters after transcatheter closure of ASD in

pediatric patients and healthy controls. Pediatric patients

with secundum ASD had significant reduction in FVC,

FEV1, PEF and MEF25–75 at baseline, and FVC and

FEV1 were significantly lower when compared with con-

trols. There was significant improvement in mean FVC,

FEV1, and MEF25–75 values after the ASD closure when

compared with baseline. There was no significant differ-

ence in the PFT parameters between controls and ASD

patients 3 months after the transcatheter closure. These

results mean that an element of airflow obstruction in the

central and peripheral airway was observed at baseline,

consistent with previous studies [4, 8, 9].

In this study, it was determined that respiratory func-

tions were affected in ASD patients and that respiratory

functions could be improved with closure.

Cardiac and pulmonary systems are two closely related

systems. Ventilation should be compatible with cardiac

output to provide the body’s metabolic needs. In congenital

anomalies of the cardiovascular system such as the ASD,

this relationship almost decays [10]. In the presence of

ASD, pulmonary blood flow increases in relation to the size

of the defect and right ventricular compliance. The shunt

causes excessive pulmonary blood flow and increases the

return of pulmonary venous blood. Oxygenized blood is

recruited from the lungs and congested in the pulmonary

vascular bed. Increased hydrostatic forces in the pulmonary

capillaries cause the fluid to go out of the veins of the

capillaries. This pressure distorts capillary membrane

integrity by causing capillary cracks that can be seen on an

electron microscope [11]. As a result, fluid accumulates in

the interstitium and alveoli and leads to pulmonary

oedema. This also increases the amount of breathing work

required to provide adequate ventilation. Narrow

parenchymal airways due to peribronchial oedema cause

wheezing and is called cardiac asthma [9, 12, 13]. Also, the

shunt causes excessive pulmonary blood flow, resulting in

pulmonary vascular changes and leading to progressive

remodelling of the lung parenchyma [13] and even fibrotic

changes [14]. As a result of this pathophysiology, airway

obstruction [15], atelectasis [10], lower respiratory tract

infection [16], pulmonary haemorrhage [16–18], pul-

monary embolism [18], and PH [19, 20] can be seen.

Previous studies have reported that transcatheter closure

of the ASD may restore right ventricle volume and

decrease pulmonary blood flow [21]; therefore, we estimate

that the correction of the defect arrested the left-to-right

blood shunting, leading to volume reduction and improved

FVC and FEV1. In most of the ASD patients in our study

population, the pulmonary parameters improved rapidly at

a significant level 3 months after the transcatheter closure

of the ASD, indicating the increased percentage of ASD

children with normal pulmonary function [22]. The inci-

dence of ASD with PH in previous reports was 6–17%. The

present study population did not include ASD with PH

patients due to the small number of patients (five patients).

This might have caused the results to be better than

expected. Lee et al. [9] showed that there were significant

increases in mean FVC and FEV1 after the transcatheter

closure in ASD patients without PH, but increases were not

observed in ASD patients with PH.

Table 4 Comparison of PFT

parameters in ASD patients

after transcatheter ASD closure

and controls

Three months after ASD patients (n = 30) Controls (n = 30 p

FVC (%)a 88.36 ± 14.2 86.05 ± 26.1 0.88

FEV1 (%)a 99.54 ± 18.2 99.2 ± 19.6 0.92

PEF (%)a 92.31 ± 18.4 89.24 ± 16.4 0.64

MEF25–75 (%)a 124.2 ± 24.1 109.47 ± 26.3 0.24

FEV1/FVCb 115 (107–124) 118 (95–128) 0.74

FVC forced vital capacity; FEV1 forced expired volume in 1 s; FEV1/FVC FEV1 to FVC ratio; PEF peak

expiratory flow; MEF25–75 mean forced expiratory flow between 25 and 75% of vital capacity

* p\ 0.05
aValues are expressed as mean ± SD
bOr median (min–max)

Table 5 Pulmonary classification in ASD patients at baseline and

3 months after percutaneous transcatheter ASD closure

PFT classification Baseline n (%) Three months after n (%)

Normal 16 (53.3%) 22 (73.3%)

Obstructive 5 (16.6%) 2 (6.6%)

Restrictive 9 (30%) 6 (20%)

Total 30 30
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In addition, we classified each ASD patient before and

after the procedure based on the spirometry result. Of the

30 children completing the spirometry tests, 5 (16.6%) had

an obstructive defect, and 9 (30%) had a restrictive defect

before the transcatheter closure. Three months after the

transcatheter closure of the ASD, patients with normal PFT

increased from 16 (53.3%) at baseline to 22 (73.3%), and 3

of 5 ASD patients with air flow obstruction and 3 of 9 with

a restrictive defect at baseline were reclassified as normal.

Many PFT abnormalities of ASD patients before and after

correction in our study had restrictive defects, which is

consistent with previous studies [4, 9].

Our study population did not include surgically treated

ASD patients. FVC and FEV1 were found to be lower in a

study of 46 children whose ASD were surgically closed,

compared with ASD patients who underwent transcatheter

closure [23]. The surgical procedure might damage the

lungs because the patients fall into thoracotomy, car-

diopulmonary bypass, and ventilation during the operation

period, any one of which might cause considerable struc-

tural or functional cardiopulmonary changes [9].

We used spirometry in children to evaluate the changes

in PFT after the transcatheter ASD closure. Spirometry is

frequently used by clinicians for children with respiratory

disease. Based on the significant changes in PFT in the

study of Gonzales and et al. [13], it was claimed that PFT is

an important test for non-invasive and periodic evaluation

of CHD patients. Nevertheless, more comprehensive

diagnostic methods may be needed besides PFT, like a

6-min walking test, or a carbon monoxide (CO) diffusion

test for determining pulmonary functions.

Our study has some limitations. The follow-up PFT was

performed only 3 months after the transcatheter closure of

ASD. The study population did not include surgically -

treated and PH patients due to the small number of patients.

Conclusion

The present study shows that significant pulmonary func-

tion defect is observed in children with ADS before tran-

scatheter closure of ASD, and pulmonary outcome can be

improved after the shunt closure. Spirometry should be

used to provide regular assessment of PFT in children with

ASD before and after the transcatheter closure.
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