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ABSTRACT

Background: Arrhythmias may complicate congenital heart diseases, such as secundum atrial
septal defects. We aimed at following up the rhythm changes in children after closure of
ostiumsecundum atrial septal defects.

Methods: The current study was conducted in the Pediatric Cardiology Unit, Tanta University, on 60
pediatric patients who had undergone either trans-catheter or surgical closure of secundum atrial
septal defects. Complete history taking and full clinical assessment were done. Echocardiographic
assessment was performed to detect any residual defects, and assess chamber dimensions, and
cardiac functions. Electrocardiographic assessment including Holter monitoring was performed within
two months after the procedure, after six months, and after one year. Arrhythmias were classified into
major and minor types. All results were statistically analyzed and tabulated.

Results: There were no significant differences between the pre-closure rhythm and the rhythm after|
closure of the defects throughout the follow-up. The percentage of patients with major arrhythmias
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septal defect’s closure in pediatric patients.

has increased from 6.7% of the total sample to 13.3%, 11.6%, and 11.6% in the early, midterm and
late follow up respectively. The significant risk factors for postoperative arrhythmias were; pre-closure
arrhythmia, right atrial dilatation, and serious hemodynamic instability in the early follow up.

Conclusions: We concluded that arrhythmias were common before and after atrial septal defect
closure, without significant differences. Pre-closure arrhythmia, right atrial dilatation, and serious
hemodynamic instability are considered important risk factors of arrhythmias after secundum atrial

Keywords: Arrhythmia; catheter; closure; secundum atrial septal defect; surgical.

1. INTRODUCTION

Atrial septal defects (ASD)are one of the most
common congenital heart defects (CHD) [1].The
most common type of atrial septal defects is the
secundum defect, located in the region of the
fossa ovalis[2,3].Closure of atrial septal defects
is usually recommended when there is evidence
of right sided chamber dilation [1].
Secundumatrial septal defect can be closed
surgically or by transcatheter means [4,5].

After ASD closure, some patients have serious
arrhythmias which may be a persistent
preoperative arrhythmia, or a newly-developed
arrhythmia [6]. Older patients are at the highest
risk for such arrhythmias [7]. Local irritation from
the procedure, the presence of occlusion devices
or atriotomy scars in addition to the underlying
substrate (due to remodeling), predispose those
patients to such arrhythmias after atrial septal
defect’s closure [1].

After surgical closure of ASD, the most common
arrhythmia in pediatrics is sinus node dysfunction
manifested by ectopic atrial  rhythms,
bradycardia, or sick sinus syndrome; a few will
eventually need pacemakers [6]. Paroxysmal or
sustained atrial fibrillation are less common [6,8].
In adults, however, paroxysmal or sustained
supraventricular tachycardia, atrial fibrillation or
flutter are more common [6]. Post-surgical
incisional re-entrant atrial tachycardia may occur;
it can, however, be managed by ablation [9].

2.1 Inclusion and Exclusion Criteria

Electrocardiographic abnormalities reported after
transcatheter closure are usually asymptomatic
[10,11]. The most common reported arrhythmias
are sinus bradycardia, premature atrial
contraction, atrial flutter, Atrial fibrillation,
supraventricular tachycardia, and atrioventricular
block [11-15].

1.1 Rationale of Study

Arrhythmias were observed before or after
closure ofsecundum ASD in many patients at our
institution and at other similar institutions in
Egypt. Some of these arrhythmias were life-
threatening, e.g. permanent complete
atrioventricular block, and symptomatic sinus
node dysfunction. Therefore, this work aimed at
following up the rhythm changes at different
intervals after the closure of secundum ASDs,
and determining the risk factors for the
development of arrhythmias in such patients.

2. PATIENTS AND METHODS

This is a prospective study, conducted at the
Pediatric Cardiology Unit, Tanta University,
Egypt, in the period from December2015 till
December 2018, on 60 pediatric patients, who
had undergone either transcatheter or surgical
closure ofsecundumASDs during the time of the
study or within a few weeks prior to the study.
The study was approved by the local ethical
committee ofour Faculty of Medicine.

Inclusion criteria

Exclusion criteria

1. 18 years old or less.

2. Children with a history of isolated
ostiumsecundumASDs corrected
surgically or by transcatheter
device closure

. Age more than 18 years old.
2. Other types of ASDs (ostiumprimum, sinus

venosus) or any association with other
significant forms of structural heart
disease.

3. The procedure was done during or

3. Patients with any type of cardiomyopathy.
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Inclusion criteria

Exclusion criteria

within a few weeks before the
time of the study.

4. Patients whoseprevious clinical and 4.

electrocardiographic recordings were
available.

5.

Patients who had any form of permanent
pacing before defect closure.

If patients had history of hepatic or renal failure
or any metabolic disease that may be
associated with arrhythmia

2.2 Allpatients were Subjected to

1. Complete history takingthrough paper charts,
and collection of the previous
echocardiographic and electrocardiographic
data.

2. Full clinical assessment. including evaluation
of blood pressure and other vital signs during
different times of follow up.

3. Echocardiographic evaluation. An
echocardiogram was performed for every
patient repeatedly duringthe follow up.
Patients were evaluated by GE
Vivid7Echocardiography ultrasound machine
and S7, S5, S3 MHz probes (GE medical
system, Horton, Norway).We followed the
“American society for Echocardiography”
recommendations in performing
echocardiography for all patients [16]. We
also followed the Guidelines of the
Echocardiographic Assessment of Atrial
Septal Defect and Patent Foramen Ovale of
the American Society of Echocardiography for
assessment of the atrial septal defect before
and after the closure [17]. References for
normal cardiac parameters were revised
according to the published recommendations
[18]. Chamber diameters were evaluated and
correlated to the body surface areas, to
determine if there was any chamber dilatation.

2.3 The Arrhythmias wereClassified into

The right and left ventricular function were
evaluated by following therecommendations
of the “American Society of
Echocardiography” [19-21].

4. Electrocardiographic evaluation. Twelve-leads
electrocardiogram and 48-hours Holter
evaluation were performed three times;
immediately after the procedure, if possible,
or within 2 months from the procedure (early
follow up), at the sixth month after the
procedure (mid-term follow up), and after one
year from the procedure (late follow up).

We examined 12-lead ECG recordings using
Cardico306 (SuzunkenKenz, Higashi-Ku,
Nagoya, Japan); a real time electrocardiogram.

We evaluated the patients by a Holter device
named: Biomedical Systems 300 (BMS 300),and
Century Holter Analysis System C3000 software
(Biomedical Systems, Louis, Belgium). The
devicehad three channels. At the last four
months of our study, we were obligated to use
other Holter device and software because of a
technical problem in the previous device. The

other Holter device was Poly-
Spectrum-AM recorder, and its software was the
version 2.0.1.2 (Neurosoft Ltd, Ivanovo,
Russia).

Minor arrhythmias

Major arrhythmias

Which did not need any intervention or close follow
up

These arrhythmias required either
intervention or close follow up.

Examples:

1. Infrequent single supraventricular or ventricular
ectopy

2. Infrequent non-recurrent and non-sustained
episodes of supraventricular or ventricular
tachycardia that persisted for less than 30
seconds.

3. Atrial or junctional escape rhythm.

4. Temporary atrioventricular block that occurred
just during the surgery or device implantation.

Examples:

1. Sustained supraventricular or ventricular
tachycardia.

2. Atrial flutter and fibrillation.

3. Significant sinus node dysfunction as
significant sustained sinus bradycardia, and
sinus pause > 2.5 seconds.

4. Persistent atrioventricular block.
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2.4 The Outcomes

1. The primary outcome was to follow up the
pre-closure rhythm throughout different
intervals as mentioned previously.

2. The secondary outcomes were to
determine the risk factors for the
development of arrhythmias after atrial
septal defect’s closure, and to describe
different types of arrhythmias developed
before or after the closure

2.5 Statistical Analysis

Statistical analysis was done using the SPSS
20.0 software package(SPSS Inc., Chicago, IL,
USA, 2012).

Continuous (numerical) variables were
summarized by the median and interquartile
ranges, Categorical variables were expressed as
percentages.

We used the Marginal homogeneity test to follow
up the pre-closure rhythm throughout the
different intervals.

We evaluated the different relative risk factors for
the major arrhythmias by using Chi-Square,
relative risk, 2x2 contingency table which
provides the confidence interval and the odd
ratio.

For all of the previous tests; the statistical
significance was set at P valueless than 0.05[22].

3. RESULTS

The study included 60 patients who underwent
secundum ASD repair (30 males and30
females). Twenty-eight patients  (46.7%)
underwent surgical closure, 18 of them had
surgical closure with patch, and the other 10

patients had direct surgical closure. The
remaining 32 patients (53.3%) underwent
catheter closure; wusing Amplatzer septal

Occluder (AGA Medical, Golden Valley, MN,
USA) in 20 of them, and Figulla—Occlutech
Device(FOD; Occlutech, Jena, Germany) in the
remaining 12.

The demographic and clinical data of the patients
are summarized inTable 1.

The characters of atrial septal defects before the
closure, as evaluated by echocardiography,
regarding the size of the defect, and the
sufficiency of the surrounding rims, are
summarized in Table 2.

There were no significant changes in the pre-
closure rhythm throughout the different intervals
of follow up.There were 4 patients (6.7% of the
total sample) who had major arrhythmias before
their defects’ closure; only one of them had

Table 1. Demographic and clinical data

Age (years)
Median (Interquartile range)
Minimum
Maximum
Body surface area (m?)
Median (Interquartile range)
Weight (Kg)
Median (Interquartile range)
Age > 6y (%)

Underweight (%) (According to the Egyptian growth charts)

Gender (%)
Female/ Male
Family history of ASD (%)

5(2.4-7.3)
1
15

0.8 (0.45- 0.9)
20 (11- 25)
26.7

433

50/ 50
16.7

Family history of congenital heart disease (%) (Ventricular septal defect (VSD)) 6.7

Family history of arrhythmia (%)
Cardiac symptoms (%)

(Respiratory distress, recurrent pneumonia, Arrhythmia)

Abnormal Cardiac examination (%) (Ejection systolic murmur on the pulmonary

area)

Comorbidities (%) (Syndromes, Cerebral palsy, Skeletal deformities)

Type of procedure (%)Surgical/ Catheter

43.8

23.3
46.7/ 53.3
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Table 2. Echocardiographic characters of the atrial septal defects

Size of the defect (mm)

Median (Interquartile range)
Minimum
Maximum
More than one defect (%)
Atria septal aneurysm (%)
Deficient inferior vana cava rim (%)
Deficient superior vana cava rim (%)
Deficient AV rim (%)
Deficient superior rim (%)
Deficient Aortic rim (%)

Minor congenital anomaly (%) (Persistent left superior vena cava)

Abnormal mitral valve (%)

14.5 (10-19)
7

30

6.7

56.7

6.7
3.3

improved to a normal sinus rhythm at thesixth
month of follow-up, and that improvement has
persisted within the first year. However; there
were 4 patients who developed new-onset major
arrhythmias at the early follow up; one of them
had improved to a normal sinus rhythm at 6
months, whereas a new patient had developed a
major arrhythmia at the same time. There were
no other rhythm changes recorded after the sixth
months. The total percentage of patients with
major arrhythmia before the closure increased
from 6.7% of the total sample to 13.3%, 11.6%,
11.6% in the early, midterm and late follow up
respectively(Table 3).

and late follow up), right atrial dilatation (in mid-
term follow up), and severe hemodynamic
instability in the form of severe respiratory
distress and a need for mechanical ventilation (in
the early follow-up). Other factors that increased
the risk of arrhythmias without significant
statistics included; left atrial dilatation, left
ventricular dilatation, right ventricular dilatation,
and impaired right ventricular systolic and
diastolic functions. The other factors including
the type of the procedure, age, weight, size of
ASD, sufficiency of rims, did not increase the risk
of major arrhythmias (Table 4)

The major arrhythmias found in our patients, their

The significant risk factors of major arrhythmias  onset, management, and outcome are
were; pre-closure arrhythmias (in early, mid-term  summarized in Table 5.
Table 3. Follow up the pre-closure rhythm
Follow up of the rhythm Rhythm pre-closure Test Pyae
Major Minor Normal
arrhythmia arrhythmia

Early follow up Major (4) 100% (0) 0.0% (4) 8% Marginal 0.275
(Count) % within arrhythmia homogeneity
rhythm pre-closure Minor (0)0.0% (2)33.3% (1)2% test

arrhythmia

Normal (0) 0.0% (4)66.7%  (45) 90%
6™ month (Count) % Major (3) 75% (0) 0.0% (4) 8% 0.695
within rhythm pre- arrhythmia
closure Minor (0) 0.0% 116.7% (1)2%

arrhythmia

Normal (1) 25% (5) 83.3%  (45) 90%
1year (Count) % Major (3) 75% (0) 0.0% (4)8% 0.847
within rhythm pre- arrhythmia
closure Minor (0) 0.0% (0) 0.0% (1) 2%

arrhythmia

Normal (1) 25% (6) 100% (45)90%
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Table 4. Significant risk factors at different times of follow up

Follow up time Risk factor (N) Percentage in Odd ratio, 95% confidence P .

patients relative risk value
presented with
arrhythmias Lower Upper
Early Serious (2) 22.2% 9.7,9.7 45 20.6 0.016
hemodynamic
instability
Pre-closure (4) 44.4% 14,14 54 36 0.001
arrhythmia
Mid-term Right atrium (2) 28.6 % 11.6,11.6 5.01 26.8 0.012
dilatation (6m)
Pre-closure (3) 42.9% 39, 10.5 3.5 31.6 0.004
arrhythmias
Late Pre-closure (3) 42.9% 39, 10.5 3.5 31.6 0.004
arrhythmias
Table 5. Summary of the major arrhythmias
Type Type of Onset Outcome and management
procedure
1 Sinus node dysfunction, Surgical patch Pre-closure Permanent endocardial right
slow atrial fibrillation, closure ventricular pacemaker,Sotalol.
Atrioventricular node
dysfunction
2 Sinus node dysfunction, Figulla— Pre- closure Permanent endocardial right
slow atrial flutter, 2 Occlutechdevice ventricular pacemaker.
degree 2:1 heart block  closure
3 Supraventricular Amplatzer Pre-closure Arrhythmia recurred in
tachycardia device closure immediate follow up controlled
(AV reentry tachycardia) by amiodarone, which stopped
after one year with close follow
up of the patient.
4 Non sustained Figulla— Pre- closure Follow up of the patient.
supraventricular Occlutech

tachycardia, events
ofMobitz 1

device closure

Complete heart block
Complete heart block

Complete heart block

Surgical patch
closure
Surgical patch
closure
Amplatzer
device closure

Early follow up
after closure
Early follow up
after closure
Early follow up
after closure,

Permanent endocardial right
ventricular pacemaker.
Permanent endocardialright
ventricular pacemaker.
Permanent endocardial right
ventricular pacemaker.

discovered at the
10" day after the
procedure

Early follow up
after closure

8 Supraventricular Surgical patch
tachycardia (Ectopic Atrial closure
tachycardia)

9 Sinus node dysfunction

Amiodarone for six months, no
recurrence.

Amplatzer 6" month follow
device closure up

Follow up of the patient.

Three patients developed complete heart block
early after the procedure; two of them were

discovered about one month after surgical
closure (casesnumber 5 and 6 in Table 5). The
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other one was discovered ten days after
implantation of a 22mm Amplatzer ASD device
(case number 7 in Table 5), (Fig. 1). Those
patients were aged 18 months, 2 years, and 5
years, and their defects’ sizes were 13.3, 22. 20
mm, respectively. The three patients needed
permanent  endocardial right  ventricular
pacemaker implantation (Medtronic Inc.,
Minneapolis, Minnesota).

Another patient, aged one year, whose 18 mm
ASD was closed surgically, had developed
eventration of the diaphragm and
supraventricular  tachycardia (ectopic atrial
tachycardia), which discovered one week after
the procedure. Her arrhythmia was controlled by
antiarrhythmic medication and we managed to
stop the antiarrhythmic medication after one year
of follow up without recurrence (case number 8 in
Table 5), (Fig. 2).

In addition, there was one patient, aged 6 years,
with a 19-mm- ASD, who developed a sinus
node dysfunction in the sixth month, after the
implantation of 22mm Amplatzer device. This
patient had Holt-Oram syndrome and a family
history of atrial septal defect, skeletal anomalies,
and a sudden unexplained cardiac death in her
brother. We closely followed up the patient and
decided to refer her for genetic study but
unfortunately, we lost her to follow up after one
year (case number 9 in Table 5).

Regarding pre-closure arrhythmia, it has
improved only in one patient who had
supraventricular  tachycardia (atrioventricular
reentry tachycardia). It recurred only once at the
early follow up after ASDclosure with Amplatzer
device. The patient had severe respiratory

L1297
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distress and pneumonia which necessitated
mechanical ventilation during this single event of
recurrence (case number 3 in Table 5).

Another patient, aged 9 years at correction, with
a secundumASDmeasuring 14mm, had sinus
node and atrioventricular node dysfunction
before intervention. He had atrial fibrillation with
slow ventricular rhythm, most of the time, and
infrequent non sustained episodes of rapid atrial
fibrillation.  Sinus  rhythm was  reported
infrequently with a 1% degree heart block. We
tried to restore sinus rhythm before atrial septal
defect  closure bysynchronizing  external
directcurrent cardioversion after the
administration of anticoagulants, but we failed.
The rhythm was notrestored after surgicalclosure
ofthe ASD. The clinical condition of the patient
became worse and he had two attacks of

syncope, so a permanent right ventricular
endocardial pacemaker was implanted
(Medtronic Inc., Minneapolis, Minnesota).We

kept the patient on oral anticoagulants and
antiarrhythmic to control the atrial fibrillation(case
number 1 in Table 5).

Another patient, 8 years old, with a 9-mm
secundumASD,also had a pre-closure arrhythmia
in the form of sinus node dysfunction, and events
of slow atrial flutter with high degree
atrioventricular nodal block (AVNB).His ASD was
managed by a 12-mm FigullaOcculetech device.
His rhythm had worsened, and he had developed
a 2™ degree 2:1 AVNB and necessitated a
permanent  right  ventricular  endocardial
pacemaker (Medtronic Inc., Minneapolis,
Minnesota) (case number 2 in Table 5).

B A :751"::"

:3:75 FRREE St 1 T g el - i)

Fig. 1. Electrocardiogram for case number 7 in Table 5
Holter strip showed complete heart block in the patient after Amplatzer ASD’s device implantation, in the early
follow up
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Fig. 2. Electrocardiogram for case number 8 in Table 5
12 lead ECG showed Ectopic Atrial tachycardia after surgical closure of ASD in the early follow-up

Another patient, aged 16 years at the time of her
11-mmASD’sclosure with 15mm Figulla device,
had recurrent short runs ofsupraventricular
tachycardia before the closure.The longest
recorded event was 5 minutes. She had also
recorded short events of Wenckebach
phenomenon. Her arrhythmia persisted after the
procedure, but without significant symptoms, so
we just followed her closely (case number 4 in
Table 5).

In our patients, minor arrhythmias were mainly
reported pre-closure and improved after the
closure. There was transient heart
block during device implantation, infrequent
supraventricular and ventricular ectopies, atrial
escape rhythm, and junctional escape rhythm
(Table 3).

4. DISCUSSION

Secundum atrial sepal defect is one of the most
common types of CHD [23]. It is often treated
with surgery or device closure procedures [13].
The current aim of atrial septal defect treatment
is to abolish the intra-cardiac shunt and
incidence of complications or comorbidities [24].
Arrhythmias afterASD’s repair are frequent and
have prognostic implications [13].
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This is a prospective study that followed rhythm
changes after secundumatrial septal defect’s
closure through three different intervals. The
early follow up was done immediately or within 2
months after the procedure, which is the time
influenced by acute circumstances during the
procedure. The mid-term follow-up was done six
months after the procedure, which is the
expected time for the mechanical and functional
improvement of the heart. The late term follow-up
was done one year after the procedure to
investigate late-onset or persistent arrhythmias.

We could not find significant changes from the
pre-closure rhythm throughout the follow up. In
addition, we could not find significant relations
between major arrhythmiasand theage of
patients at the time of closure, patients’ weight,
type of the procedure, size of the defects, and
sufficiency of the rims. However, the significant
predictors of arrhythmias were the pre-closure
arrhythmias, clinical deterioration at the early
follow up in the form of severe respiratory
distress that necessitated mechanical ventilation,
and right atrial dilatation that increased the risk of
arrhythmias at the sixth month. Dilated left atrium
and left ventricle, dilated right ventricle, impaired
right ventricular systolic and diastolic functions,
increased the risk for arrhythmias without
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significant statistics which may be attributed to
the small sample size.

Although no significant relation was found
between patients’ arrhythmias and their family
history of atrial septal defects or arrhythmias; we
had two patients with familial atrial septal defect
who had sinus node dysfunction. One of them
has history of sudden unexplained death of her
brother with secundumatrial septal defect one
week after ASD closure.

Although rim deficiency couldnot be proved as a
significant risk factor in our cases, we have two
patients with flimsy rims, one with flimsy
atrioventricular rim who developed complete
heart block after Amplatzerdevice implantation,
the other with flimsy superior vena cava rim who
developed sinus node dysfunction after
Amplatzer device implantation as well.

In our cases, there were three patients with
skeletal abnormalities. Two of them were siblings
with skeletal deformities in hands and feet, these
ASDs were closed via direct surgical closure.
The third patient had Holt-Oram syndrome with a
device-closed atrial septal defect. Her brother
had the same problem (Holt-Oram syndrome and
secundumatrial septal defect), and died suddenly
one week after his atrial septal defect closure.
These findings confirmed the recommendations
from other studies that patients with
musculoskeletal limb malformations and their
first-degree relatives, should always be screened
for accompanying congenital heart diseases,
especially ASDs. Again, patients with atrial septal
defect, particularly in association with a
hereditary syndrome should be examined for any
musculoskeletal defects [25].

We lost one patient from our study during his
early follow up. He was 11 months at the time of
correction, and had a secundumatrial septal
defectmeasuring 24mm. His mean pulmonary
artery pressure was 85mmHg. There were
associated right atrial andventricular dilatations,
and left atrial dilatation. Before atrial septal
defect closure, the patient developed an attack of
atrial flutter with heart failure which was
controlled with external synchronizing direct
current cardioversion. Then, the patient received
amiodarone.Diagnostic catheterization was done
and revealed that the patient was operable.
Surgical closure of the atrial septal defect was
done. The patient died after five days due to
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severe pulmonary hypertension. This patient
raised our attention towards the association
between heritable ASDand primary pulmonary
hypertension due to possible genetic mutations.

In our study; the percentage of patients with
major arrhythmias hasincreased from 6.7% of the
total sample before the defect closure,to 13.3%,
11.6%, 11.6% in the early, midterm and late
follow-up, respectively. That was different from
the findings of Oliver et al [26], who studied the
fate of atrial fibrillation in adult patients with
secundum ASDs after closure of the
defects.They found that the incidence decreased
to 13.8% afterclosure,versus 15.6 % before
closure.

Kutty and coworkers [27] also compared two
groups of patients treated surgically and by
device closure. The researchers found a similar
incidence of arrhythmias (9.8%) at20-years of
follow-up.

As compared to our study;the arrhythmias
reported by Castaldi et al [24] were mainly minor
in the form of frequent and infrequent
supraventricular and ventricular ectopies. There
was a low incidence of supraventricular couplets
or runs. They reported asymptomatic nocturnal
atrioventricular blocks in patients treated with
Gore device. As in our study,they couldnot find a
relation between arrhythmias, device size and
age at correction. As compared to us, they
couldnot confirm a relation between arrhythmia
and any echocardiographic variables.

Comparing to our study, Du et al [28],in their
study on pediatric and adult population,
compared the electrocardiographic findings post
closure in both procedures. They reported major
cardiac arrhythmias in two patients of the device
group, whereas no major cardiac arrhythmias in
the surgical group. They also reported minor
cardiac arrhythmias in both groups. The major
cardiac arrhythmias reported by them were
complete atrioventricular block that was found at
the sixth month, in a 6-year old girl with 11-mm
ASD and aneurysm of the atrial septum. This
patient  necessitated permanent  cardiac
pacemaker. Atrial fibrillation occurred in an 81-
year-old  patient requiring  antiarrhythmic
medication.

Wilson et al[29] performed a retrospective study
on adults and children who underwent



Sorour et al.; JAMMR, 32(10): 84-96, 2020; Article no.JAMMR.58832

transcatheter closure of secundumASD to review
the complications including arrhythmia. Pre-
existing arrhythmias were documented in 26
patients. The later were in the form of atrial
fibrillation/atrial flutter, supraventricular
tachycardia, atrial tachycardia, long QT
syndrome, frequent ectopy and ablated
arrhythmias with atrioventricular nodal reentry
tachycardia (AVNRT) and Wolf Parkinson White
syndrome (WPW). All patients with arrhythmias
were adults except for a 5-year-old with long QT
syndrome. Arrhythmias in the form of atrial
fibrillation or atrial tachycardia persisted in ten
patients while new arrhythmias occurred in six
(3%) of patients, and symptoms persisted
beyond three months in four patients. Treatment
was successful either with anti-arrhythmic
medication alone, radio frequency ablation or
cardioversion and there was one patient awaited
treatment.

The previous findings by Du et al [28], and
Wilson et al [29] confirmed that atrial fibrillation
with ASD or after its closure is more common in
older age. Although our study did not include
adult patients, the only patient who had atrial
fibrillation  (associated with  sinus  node
dysfunction) in our study was a 9-year old child
at the time of the atrial septal defect closure.

Our study, like others, reported that sinus node
dysfunction may complicate ASD closure. Hudic
et al [30] also reported a case report of 38-year
female presented with syncope and sinus node
dysfunction after surgical Patch closure of ASD.
That is different from our case who developed
asymptomatic sinus node dysfunction after
Amplatzeratrial septal defect closure.

Similar to our findings; other studies proved that
complete heart block may complicateASD
closure.This complication may be transient and
resolves spontaneously [27,31-33]. It may
require re-intervention as in the study reported by
Clark et al[34].Despite it is rare, complete heart
block may be permanent and require permanent
cardiac pacemaker as in our study and other
series[28,35]. However, we reported higher
number of patients with complete heart block
after ASD closure. That may be explained by
technical problems in the procedure, as in the
patient who underwent Amplatzerdevice closure
despite flimsy atrioventricular rim. The heart
block in this patient was discovered at the tenth
day after the procedure, so the decision for
device removal was not taken.
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In contrary to our results; some other studies,e.g.
Rossi et al [36],and Pedra et al [37], could not
find any significant arrhythmias after atrial septal
defect'sclosure. The arrhythmias reported by
Hessling et al[12]were rare and benign.Chen et
al[38],andAli et al [39]reported transient
arrhythmias after device closure of ASD which
were easily treated by medication or resolved
spontaneously.

Similar to our study; Silversides et al[40]studied
the predictors of atrial arrhythmias after device
closure of atrial septal defect. They found that
the prevalence of atrial tachycardiaincreased in
patients with history of paroxysmal atrial
tachycardia compared with those with no history
of atrial tachycardia. They also found that
echocardiographic changes, such as atrial
remodeling, after the closure, may be predictors
of late arrhythmic events.

Chiu et al[41]in their study on adult population
who closed secundumASD by devices, agreed
about the relation between pre-closure
arrhythmia and postoperative rhythm disorders.
In contrary to us, they found that the age of
closure, size of the device (which corresponded
to the size of the defect), presence of multiple
defects, and underlying disorders (thyroid or
mitral valve disorder) were the most important
risk factors for the development of arrhythmias
after closure.

In contrary to our study; deficient rims were

significant risk factors of production of
arrhythmia in some other studies conducted on
patients  with  transcatheter closure  of
ASDI[42,43].

Jin et al[13] suggested that the ratio of the atrial
septal occluder to the atrial septal length
wasconsidered a risk factorfor the development
of arrhythmia after secundum ASD’s device
closure in pediatrics. In contrary; we could not
relate the size of the devices as a risk factor due
to the limited number of our patients.

In contrary to our study, the study oflm et
al[44]was keen about highlighting the importance
of management of arrhythmias prior to atrial
septal defect closure. They found that a bi-atrial
surgical ablation led to an improved
electrophysiological outcome in atrial fibrillation
associated with atrial septal defect.



Sorour et al.; JAMMR, 32(10): 84-96, 2020; Article no.JAMMR.58832

The main limitation of our study was the small
number of patients. As we were worry about
statistical errors and inaccurate results; we could
not divide this small sample into two groups to
compare the incidence of arrhythmias between
surgical and device closure. However, we
estimated the type of procedure as arisk
factor.Finally, longer follow-up period was
required for better assessment of the late onset
arrhythmia.

We recommend conducting studies with
prolonged durations of follow-up for proper

assessment of late onset arrhythmias, and
multicenter studies about arrhythmias
afterASDclosure, to allow exchange of

experience and overcome risk factors. We also
recommend conducting more genetic studies and
screening for familial ASDto diagnose the risks
for malignant arrhythmias in such patients, and
perform the proper prophylaxis.

5. CONCLUSION

There were no significant changes in the cardiac
rhythm after secundum ASD’s closure.

Significant  arrhythmias as  sinus  node
dysfunction and complete heart block may occur
before or after secundumASD’s closure and may
require pacemaker implantation. Other significant
arrhythmias associated with secundum atrial
septal defect are supraventricular tachycardia
(atrioventricular reentry and ectopic atrial
tachycardia), atrial flutter, and atrial fibrillation.

Pre-closure sinus node dysfunction, prolonged
atrial fibrillation, and atrioventricular node
dysfunction maynot be improved after ASD’s
closure, whereas supraventricular tachycardia
may be improved.

The risk factors which were associated with the
development of post-intervention or post-
operative arrhythmias include: pre-closure
arrhythmias, right atrial dilatation, in addition to
the clinical circumstances that affect the
hemodynamics of the patient after the procedure
which have a relation with the early-onset
arrhythmias in those pediatric patients.

CONSENT

Written Informed consent was signed by the
parents or caregivers.
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