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Summary
Objectives: To assess ECG changes after percutaneous atrial septal defect (ASD) closure in children with significant left-to-right shunt.
Methods: Analysis of data of 36 consecutive
children with an ASD who had successful percutaneous ASD closure with an Amplatzer Septal Occluder. Assessment comprised echocardiography
and ECG the day before and after the procedure
and at 1, 6 and 12 months follow-up.
Results: The median age (interquartile range)
of children was 7.3 (5.3) years. On the day after the
procedure the end diastolic diameter of the right
ventricle showed already a diminution (34 (12)
mm/m2 before intervention vs. 32 (12) mm/m2).
ECG changes were first observed at 1 month follow-up (PR interval before intervention 139 (20)
ms vs. 132 (20) ms; QRS duration 88 (18) ms vs. 82
(19) ms) and at 6 months follow-up (QRS axis 77°

(33) before intervention vs. 72° (53)). With the exception of the QRS duration, ECG intervals and
axis were in a normal range in all patients before
the procedure. Median QRS duration normalised
at 1 year follow-up (83 (8) ms).
Conclusion: After transcatheter ASD closure,
decrease in right ventricular size began rapidly and
was followed by reduction of the QRS duration
and PR interval within weeks. Shifting to the left
of the QRS axis was observed within 6 months follow-up. This study showed that ECG changes due
to right ventricular volume overload can regress
and normalise after percutaneous ASD closure in
children.
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Atrial septal defects (ASD) account for 10% of
all congenital heart defects [1]. Haemodynamic
consequences of an ASD are dilatation of the right
atrium and right ventricle (RV) because of the
volume overload due to the left-to-right shunt
through the ASD. Classical ECG findings for a
significant ASD are prolongation of the PR interval, prolongation of the QRS duration and right
axis deviation of the QRS [2]. If not closed such an
ASD can be associated, in adult patients, with complications such as congestive heart failure, atrial
arrhythmias, impaired aerobic capacity and pulmonary hypertension [3, 4]. Therefore, many authors suggest ASD closure before adulthood [5, 6].
Percutaneous and surgical ASD closure have been
proven to be safe and efficient in abolishing the
left-to-right shunt [6–8], thus preventing progression of right heart dilatation and consecutive RV
dysfunction. Percutaneous ASD closure has the

advantage of reducing the length of hospital stay,
of avoiding surgical incisions on the heart and cardiopulmonary bypass. It is less invasive and has
been proven to be as effective and safe as surgery
with less morbidity [9–13]. All these benefits are
associated with social and economical advantages
[12–14].
Percutaneous ASD closure is an ideal situation
to study changes of RV dimensions and their
impact on ECG as interferences from cardiopulmonary bypass, cardiac incisions and sutures on
the right atrium and on the interatrial septum are
excluded. The focus of this study was to describe
electrocardiography (ECG) changes after ASD
device closure in a paediatric population and to
delineate that with the abolition of the right heart
chambers overload the PR interval and the QRS
duration may shortened.
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Methods
Between January 2000 and July 2002, 36 consecutive
children underwent secundum ASD device closure with
an Amplatzer Septal Occluder (AGA Medical, Golden
Valley, Minnesota) at our institution. All patients underwent 2-D and Doppler echocardiography (Sonos 5000,
Philips Netherlands) and 12 leads ECG (Marquette
MacVu 7, Marquette USA) the day before and the day
after the procedure. Clinical, echocardiography and ECG
follow-up were obtained at 1, 6 and 12 months respectively. ECG registration was standardised (speed: 25 mm/
s, voltage: 10 mm/mV) and have been performed by two
technicians. A single investigator made all the echocardiographic measurements and the retrieval of computerized
ECG measurements.
ECG and echocardiography data were reviewed and
analysed retrospectively. A four-chamber view was obtained to measure the maximal right and left ventricular
inlet diameter at end diastole, the measure was then normalised with the body surface area. The measurements
Figure 1
Echocardiography
after atrial septal
defect closure with
an Amplatzer Septal
Occluder (ASO):
a four-chamber is
obtained to measure
the maximal right
(RV) and left ventricular (LV) inlet diameter at end diastole.
The measurements
were made at the
tip of the atrio-ventricular valve.

were made at the tip of the atrio-ventricular valve (figure
1) as described and used for evaluation of the RV dimension by others authors [15–17]. Residual shunts were
defined as present or absent and then classified as none,
small (<1 mm), medium (1–2 mm) or large (>2 mm). Offline measurements were performed using the same ultrasound machine. Twelve-lead surface ECGs were obtained
and computerized values controlled for the mean frontal
plane P, QRS and T axis. The duration of the interval PR
in lead II (measured from the initial deflection of the P
wave to the initial deflection of the QRS complex), the
width of the QRS duration (measured from the initial deflection of the QRS complex to where the terminal deflection crosses the baseline, taken in any chest lead where the
deflection was acute enough to permit accurate determination) were also controlled and the QTc duration calculated using Bazzett’s formula. The ECG normal values
were retrieved from the Davignon et al., publication [18],
where data from 2400 infants, children and adolescents
were obtained. The echocardiographic normal values
were retrieved from other previous publications cumulating data of 160 normal children and adolescents [15–16].
The Amplatzer Septal Occluder was used in all children. Device details and implantation procedure have
been previously described elsewhere [7, 19].
Statistical analysis
Data are presented as median value (interquartile
range [IQR]) in the text and box plot with median and IQR
in figures for normally distributed data obtained before
the procedure and at 1 day, and 1, 6 and 12 months after
the procedure. Variables obtained from echocardiography
and ECGs at each follow-up period were compared with
pre-procedural values; categorical data are presented as a
proportion of the total number of patients who had data
available during the follow-up period. The descriptive
statistics were obtained using Statview® 5.0 (SAS Institute
Inc.)

Results
Thirty-seven devices were successfully implanted in 36 children without complication.
Their ages ranged from 15 months to 15 years (7.3
[5.3]). The Amplatzer Septal Occluder size ranged
from 8 to 26 mm in diameter (mean 16 mm). The
mean pulmonary pressure was normal in all
patients. The median left-to-right shunt was 1.8:1
(range 1.6–3.0:1). Data analysis was complete in
all patients at day one, in 36 patients at 1 month,
in 28 patients (drop-out 22%) at 6 months and
in 20 patients (drop-out 44%) at 1 year follow-up.
If median age and median left-to-right shunt at
6 months and one year follow-up are compared
with the median value of the whole group before
intervention, there are some changes: 7.3 (5.3)
years vs. 8.2 (6.6) years and 8.8 (6.2) years respectively, median left-to-right shunt was 1.8:1 (0.7) vs.
2.0:1 (0.8) and 2.1:1 (0.5) respectively.
A residual shunt was detected in 12 patients
(12/36) by transoesophageal echocardiography

immediately after Amplatzer Septal Occluder
placement. At follow-up transthoracic echocardiography revealed a small residual shunt in only 3
patients (3/36) after 1 month, in 2 patients (2/28)
after 6 months, and in 1 patient (1/20) after one
year. The residual shunt was graded as haemodynamically non significant in every patient.
Echocardiography showed that end diastolic
four-chamber RV size had already decreased the
day after the intervention. Before the intervention
the median RV size was 34 (12) mm/m2, it had decreased to 32 (12) mm/m2 the day after; and it
reached 30 (13) mm/m2 at one year (figure 2a). The
median four-chamber ratio RV size to LV size was
0.97 (0.16) before intervention vs. 0.86 (0.13) the
day after the ASD closure, reaching 0.78 (0.17) at
one year.
ECG analysis revealed a rapid decrease in the
PR interval (139 (20) ms vs. 132 (16) ms after one
month, the median PR interval reaching the value
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of 130 (16) ms at one year (figure 2b). The QRS
duration analysis showed a shortening at 1 month
(88 (18) ms vs. 82 (19) ms) with a value at one year
of 82 (8) ms (figure 2c). Two patients showed a
persistent prolongation of the QRS duration after
one year follow-up. They were two of the oldest
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patients with respectively 13.5 and 14.7 years of
age, the QRS durations at one year follow-up in
these two patients were respectively 103 ms and
113 ms. The median frontal plane QRS axis declined gradually from 77° (33) to 72° (38) at one
month, reaching 64° (37) at 1 year (figure 2d).

Discussion
older than the initial group and with a greater leftto-right shunt, this could have introduced a certain
bias in selecting the patients that would probably
have the major changes in their ECG and echocardiography at follow-up. On the other hand these
are the patients that are interesting for the purpose
of the study.
Classic ECG changes secondary to significant
left-to-right shunt through an ASD with consecutive dilatation of right atrium and right ventricle
are PR interval prolongation, QRS duration prolongation and right axis deviation of the QRS [15,
22]. These changes are principally noted in adult
patients or in the presence of very large left-toright shunts, and they are probably are the sub-

PR interval (sec)

RVED (mm/m2)

This study evaluated ECG changes after transcatheter closure of ASD using the Amplatzer
Septal Occluder in children. Our point of interest
was not ECG changes in term of arrhythmias, this
subject having already been investigated by others
[20, 21]. The scope of this study was to correlate
ECG changes to the acute changes on RV volume
after ASD closure. There is in the follow-up a
certain number of drop-outs. All patients could be
analysed at 1 day and 1 month after the intervention, but the follow-up performed for patients
in others clinics did not always supply ECGs or
echocardiography, thus forbidding accurate measurement. As described in the Results section the
patients where the data had been obtained are
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Figure 2
a. Box plot (median, IQR) demonstrating the evolution of the dimension of the end-diastolic diameter of the right ventricle
indexed to the body surface area between before intervention and measures after intervention. Continuous line: mean
normal value for the population, dashed line: 2SD of the normal value. Normal value retrieved from two publications [15–16]
that have analysed a total of 160 normal children and adolescents.
b. Box plot (median, IQR) demonstrating the evolution of the PR interval between before intervention and measures after
intervention. Continuous line: mean normal value for the population, dashed line: 2SD of the normal value. Normal value
retrieved from the publication of Davignon et al., that have analysed 2400 normal infants, children and adolescents [18].
c. Box plot (median, IQR) demonstrating the evolution of the QRS duration between before intervention and measures after
intervention. Continuous line: mean normal value for the population, dashed line: 2SD of the normal value. Normal value
retrieved from the publication of Davignon et al., that have analysed 2400 normal infants, children and adolescents [18].
d. Box plot (median, IQR) demonstrating the evolution of the QRS axis between before intervention and measures after
intervention. Continuous line: mean normal value for the population, dashed line: 2SD of the normal value. Normal value
retrieved from publication of Davignon et al., that have analysed 2400 normal infants, children and adolescents [18].
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strate for late arrhythmias [23]. Our data show
that, in the paediatric aged group with a haemodynamically significant left-to-right shunt, preclosure ECGs are in the normal range with the exception of the median value of the QRS duration being
at the upper limit of normal [18]. For the same
magnitude of left-to-right shunt as in our paediatric group, the adult patients group studied by
Veldtman et al., shows a clearly prolonged preclosure QRS duration [24].
Right ventricular dilatation is a cornerstone of
chronic left-to-right shunt through an ASD. Many
studies analyse the recovery of the RV after surgical or percutaneous ASD closure. In all the studies
there is a degree of reduction of the RV size with
each mode of closure [24–28]. The speed of reduction of the RV seems to be related to the age of the
patient and the degree of the left-to-right shunt as
demonstrated by Du et al., [27]. In our group the
RV decrease was rapid and already noted at
echocardiography the day after intervention,
although the RV size was only estimated with
the measure of the end diastolic diameter in fourchamber view. Berger et al., also demonstrated a
reduction in end diastolic RV volume on echocardiogram early after device or surgical closure [25].
Du et al., showed that RV volume overload decreased dramatically within 24 hours after transcatheter closure of the ASD [27]. Interestingly, in
adult groups, some ventricles with prolonged volume overload did not completely return to normal
dimensions, with as much as 25–30% of patients
having a persistent RV enlargement one year after
ASD closure [24]. Du et al., confirm these data and
conclude that the rapid change in RV size after
ASD transcatheter closure is inversely related to
preclosure, RV dimension and age of the patient
[27].
Although RV dimension decreased rapidly
after the intervention, ECG analysis showed in our
paediatric population, that PR interval and QRS
duration decreased in a slower way, and at the same
time there was a leftward shift of the QRS axis. Reduction of these parameters was observed between
1 to 6 months after device closure. Veldtman et al.,
also demonstrated the same findings in their adult
population [24]. At one-year follow-up the median
PR interval and QRS duration were within a normal range, only two paediatric patients showed a
prolonged QRS in our study. At one-year followup, the PR interval was in the normal range for the
group of Veldtman et al., but the mean value of the
QRS duration was always prolonged. These findings could probably be related to the percentage of
adult patients demonstrating persistence of RV
enlargement at one-year follow-up [24].
The delay between changes in the diameter of
the RV and changes of the ECG, according to the

knowledge acquired from animal and human studies, is probably due to the time for cardioreparation [29–31]. Volume overload induces cardiac
remodelling with myocyte hypertrophy and excessive accumulation of collagen in the heart [32–35].
Abolition of the left-to-right shunt allows for a
rapid decrease in the RV volume and in the
echocardiographic dimension of the RV. The myocardium necessitates more time to decrease and
normalise. The ECG is a measure of the electrical
conduction in the heart musculature and then
could reflect the time needed for normalisation of
the myocardium after suppression of the left-toright shunt.
Study limitations
Only transthoracic cross-sectional echocardiography was used for RV assessment which is
known as being less accurate than magnetic resonance or three-dimensional echocardiography for
this purpose [36]. For this retrospective study, the
four-chamber end diastolic diameter of the RV was
used to surrogate the end diastolic RV volume. As
patients served as own controls we submit that a
simple diameter assessment was adequate for the
aim of the study.
This is a retrospective study with a small cohort of patients with variable age and a short follow-up period. The drop out rate at 6 months and
particularly at 1 year follow-up is relatively high,
with changes in the principal characteristics of the
population (age and magnitude of left-to-right
through the ASD). This selection has to be taken
into consideration and may have implications
in the results observed in this study as already
discussed. Larger multicenter studies, addressing
both adults and children may permit a more detailed assessment of RV dimension and subsequent
electrophysiologic changes.
Conclusion
Nevertheless, our study showed that after
ASD closure in children the rapid abolition of
volume overload permits normalisation of RV size
with a delayed reduction and normalisation of
ECG abnormalities.

Correspondence:
Dr. Stefano Di Bernardo
Paediatric Cardiology
Department of Paediatrics
CHUV
Rue du Bugnon 46
CH-1011 Lausanne
stefano.di-bernardo@chuv.ch

S W I S S M E D W K LY 2 0 0 5 ; 1 3 5 : 6 4 7 – 6 5 1 · w w w . s m w . c h

651

References
1 Dickinson DF, Arnold R, Wilkinson JL. Congenital heart disease among 160 480 liveborn children in Liverpool 1960
to 1969. Implications for surgical treatment. Br Heart J 1981;46:
55–62.
2 Coburn J, Porter RHF, William D. Edwards, James B. Seward,
Hartzell V. Schaff: Moss and Adams’ heart disease in infants,
children and adolescents: including the fetus and young adult,
6th ed, Lippincot Williams & Wilkins, 2001.
3 Gatzoulis MA, Redington AN, Somerville J, Shore DF. Should
atrial septal defects in adults be closed? Ann Thorac Surg 1996;
61:657–9.
4 Brochu MC, Baril JF, Dore A, Juneau M, De Guise P, Mercier
LA. Improvement in exercise capacity in asymptomatic and
mildly symptomatic adults after atrial septal defect percutaneous closure. Circulation 2002;106:1821–6.
5 Meyer RA, Korfhagen JC, Covitz W, Kaplan S. Long-term follow-up study after closure of secundum atrial septal defect in
children: an echocardiographic study. Am J Cardiol 1982;50:
143–8.
6 Murphy JG, Gersh BJ, McGoon MD, Mair DD, Porter CJ, Ilstrup DM, et al. Long-term outcome after surgical repair of isolated atrial septal defect. Follow-up at 27 to 32 years. N Engl J
Med 1990;323:1645–50.
7 Masura J, Gavora P, Formanek A, Hijazi Z. Transcatheter closure of secundum atrial septal defects using the new self-centering amplatzer septal occluder: initial human experience.
Catheter and cardiovascular diagnosis 1997;42:388–93.
8 Berger F, Ewert P, Stiller B, Dahnert I, Krings G, Vogel M, et
al. Initiale klinische Ergebnisse mit dem Amplatzer Septal Occluder – ein selbstzentrierender Doppelschirm zum Verschluss
von Vorhofseptumdefekten. Z Kardiol 1998;87:185–90.
9 Berger F, Vogel M, Alexi-Meskishvili V, Lange PE. Comparison of results and complications of surgical and Amplatzer device closure of atrial septal defects. J Thorac Cardiovasc Surg
1999;118:674–8; discussion 678–80.
10 Losay J, Petit J, Lambert V, Esna G, Berthaux X, Brenot P,et al.
Percutaneous closure with Amplatzer device is a safe and efficient alternative to surgery in adults with large atrial septal defects. Am Heart J 2001;142:544–8.
11 Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K.
Comparison between transcatheter and surgical closure of secundum atrial septal defect in children and adults: results of a
multicenter nonrandomized trial. J Am Coll Cardiol 2002;39:
1836–44.
12 Formigari R, Di Donato RM, Mazzera E, Carotti A, Rinelli G,
Parisi F, et al. Minimally invasive or interventional repair of
atrial septal defects in children: experience in 171 cases and
comparison with conventional strategies. J Am Coll Cardiol
2001;37:1707–12.
13 Hughes ML, Maskell G, Goh TH, Wilkinson JL. Prospective
comparison of costs and short term health outcomes of surgical
versus device closure of atrial septal defect in children. Heart
2002;88:67–70.
14 Baker SS, O’Laughlin MP, Jollis JG, Harrison JK, Sanders SP,
Li JS. Cost implications of closure of atrial septal defect.
Catheter Cardiovasc Interv 2002;55:83–7.
15 Fontana GP, Kirkman JH, DiSessa TG, Hagan AD, Hiriashi S,
Isabel-Jones J,et al. Evaluation of right ventricular and right
atrial size in children with atrial septal defect using two-dimensional apex echocardiography. J Clin Ultrasound 1982;10:
385–90.
16 Hanseus K, Bjorkhem G, Lundstrom NR. Dimensions of cardiac chambers and great vessels by cross-sectional echocardiography in infants and children. Pediatr Cardiol 1988;9:7–15.
17 Hanseus K, Bjorkhem G, Lundstrom NR, Soeroso S. Crosssectional echocardiographic measurement of right atrial and
right ventricular size in children with atrial septal defect before
and after surgery. Pediatr Cardiol 1988;9:231–6.
18 Davignon A, Soumis F, et al. Normal ECG standards for infants
and children. Pediatr Cardiol 1979/80;1:123–34.

19 Berger F, Ewert P, Dahnert I, Stiller B, Nurnberg JH, Vogel M,
et al. Interventioneller Verschluss von Vorhofseptumdefekten
mit einem Duchmesser grosser als 20 mm. Z Kardiol 2000;89:
1119–25.
20 Hill SL, Berul CI, Patel HT, Rhodes J, Supran SE, Cao QL, et
al. Early ECG abnormalities associated with transcatheter closure of atrial septal defects using the Amplatzer septal occluder.
J Interv Card Electrophysiol 2000;4:469–74.
21 Hessling G, Hyca S, Brockmeier K, Ulmer HE. Cardiac dysrhythmias in pediatric patients before and 1 year after transcatheter closure of atrial septal defects using the amplatzer septal occluder. Pediatr Cardiol 2003;24:259–62. Epub 2003 Jan
2015.
22 Shiku DJ, Stijns M, Lintermans JP, Vliers A. Influence of age
on atrioventricular conduction intervals in children with and
without atrial septal defect. J Electrocardiol 1982;15:9–13.
23 Gatzoulis MA, Freeman MA, Siu SC, Webb GD, Harris L.
Atrial arrhythmia after surgical closure of atrial septal defects in
adults. N Engl J Med 1999;340:839–46.
24 Veldtman GR, Razack V, Siu S, El-Hajj H, Walker F, Webb GD,
et al. Right ventricular form and function after percutaneous
atrial septal defect device closure. J Am Coll Cardiol 2001;37:
2108–13.
25 Berger F, Jin Z, Ishihashi K, Vogel M, Ewert P, Alexi-Meshkishvili V, et al. Comparison of acute effects on right ventricular
haemodynamics of surgical versus interventional closure of
atrial septal defects. Cardiol Young 1999;9:484–7.
26 Shaheen J, Alper L, Rosenmann D, Klutstein MW, Falkowsky
G, Bitran D, et al. Effect of surgical repair of secundum-type
atrial septal defect on right atrial, right ventricular, and left ventricular volumes in adults. Am J Cardiol 2000;86:1395–7,
A1396.
27 Du ZD, Cao QL, Koenig P, Heitschmidt M, Hijazi ZM. Speed
of normalization of right ventricular volume overload after transcatheter closure of atrial septal defect in children and adults.
Am J Cardiol 2001;88:1450–3, A1459.
28 Kort HW, Balzer DT, Johnson MC. Resolution of right heart
enlargement after closure of secundum atrial septal defect with
transcatheter technique. J Am Coll Cardiol 2001;38:1528–32.
29 Brilla CG, Murphy RL, Smits JF, Struijker Boudier HA, Tan
LB. The concept of cardioreparation: Part 1. Pathophysiology
of remodelling. J Cardiovasc Risk 1996;3:281–5.
30 Cleland JG, Dewhurst NG, Murphy RL, Struijker Boudier HA,
Tan LB, Visser CA. The concept of cardioreparation: Part 2.
Medical implications of cardioreparation. J Cardiovasc Risk
1996;3:287–93.
31 Francis GS. Changing the remodeling process in heart failure:
basic mechanisms and laboratory results. Curr Opin Cardiol
1998;13:156–61.
32 Braun MU, LaRosee P, Simonis G, Borst MM, Strasser RH.
Regulation of protein kinase C isozymes in volume overload
cardiac hypertrophy. Mol Cell Biochem 2004;262:135–43.
33 Brilla CG, Rupp H, Funck R, Maisch B. The renin-angiotensinaldosterone system and myocardial collagen matrix remodelling
in congestive heart failure. Eur Heart J 1995;16:107–9.
34 Modesti PA, Vanni S, Bertolozzi I, Cecioni I, Lumachi C, Perna
AM, et al. Different growth factor activation in the right and
left ventricles in experimental volume overload. Hypertension
2004;43:101–8. Epub 2003 Nov 2024.
35 Otani H, Kagaya Y, Yamane Y, Chida M, Ito K, Namiuchi S, et
al. Long-term right ventricular volume overload increases
myocardial fluorodeoxyglucose uptake in the interventricular
septum in patients with atrial septal defect. Circulation 2000;
101:1686–92.
36 Papavassiliou DP, Parks WJ, Hopkins KL, Fyfe DA. Three-dimensional echocardiographic measurement of right ventricular
volume in children with congenital heart disease validated by
magnetic resonance imaging. J Am Soc Echocardiography
1998;11:770–7.

