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ABSTRACT

Introduction: Atrial septal defect (ASD) is the third most common form of congenital heart defects. Controversy still exists
regarding its closure in patients > 40 years-old. Few data exist on symptomatic relief and echographic parameters improvement
gained after ASD closure in patients over 40 years of age.

Aim: Analyze the efficacy and safety of the percutaneous closure technique in a community of adults aged over 40 years-old
with (ASD) eligible for percutaneous closure.

Methods: This is a retrospective study that included patients aged over 40 years-old who had percutaneous ASD closure
between 2005 and 2013 at the cardiology department of Sahloul university hospital. Follow-up at 24 hours, 7days, 6 months,
and yearly included physical examination, electrocardiogram and transthoracic echocardiography; furthermore, telephone
interviews were conducted to determine clinical symptomatic status.

Results: There were 27 patients with a mean age of 47 years (from 40 to 65); 7 were aged more than 60 years-old. There
were 23 women. 24 patients had clinically significant symptoms due to their ASDs, including dyspnea (22), palpitations (10),
fatigue (6), chest pain (10), and dizziness (2). 3 patients reported no symptoms prior to ASD closure. The mean size of ASD as
measured by transesophageal echocardiography was 26,43mm 6, 8 (from 12 mm to 38 mm). The mean pulmonary artery
pressure (PAP) was 42, 95 mmHg + 8, 04. The mean right ventricle diameter was 40, 6 mm + 3, 3 (35mm, maximum = 45mm).
A total of 26 patients had successful defect closure, in one patient, this could not be done due to unusual anatomy of left
atrium. The Amplatzer device was used in 25 patients. The mean device size used for all patients was 27, 82 £ 6, 63 mm. There
were no major complications. Symptomatic improvement was observed: 20 patients became asymptomatic. At lyear post
procedure, the right ventricle diameter showed a statistically significant decrease 34 - + 6 mm (P < 0,001).

Conclusion: This study provided further evidence that transcatheter device closure of ASDs in adults over the age of 40
years is safe, effective, and results in symptomatic relief and regression of pulmonary pression and right ventricle size. Thus,

we suggest that percutaneous closure of ASDs in adult patients greater than 40 years of age should be the first option of
management.
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INTRODUCTION
Atrial septal defect (ASD) is the most common congenital neous closure is a reliable alternative to surgery even if it gen-
heart disease in adults (30%) [1]. It is responsible for signifi- erates some discomfort and significant morbidity. Although

cant morbidity and decreased life expectancy [2, 3]. Percuta this technique has become a standard procedure in most chil-
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dren and young adults, data on success rates and medium-
term outcomes for adults are limited. The aim of this study is
to analyze the efficacy and safety of the percutaneous closure
technique in a community of adults aged over 40 years-old
with ASD eligible for percutaneous closure.

POPULATION AND METHODS

Study Type

This is a retrospective study that included patients aged over
40 years-old who had percutaneous ASD closure between
2005 and 2013 at the cardiology department of Sahloul uni-
versity hospital.

Population

Patients aged 40 years and older with an ASD with a percu-
taneous closure indication. Indications for closure were: an
important left to right shunt (signs of right ventricular over-
load) regardless of the presence of symptoms, patients with
severe pulmonary vascular disease (pulmonary resistances >
5 units Wood), after a vaso-reactivity test or after a targeted
treatment. Were not considered for the percutaneous clo-
sure, patients with a septal defect diameter exceeding 38 mm
(on transesophageal echocardiography (TEE)) or after using a
calibration balloon) and those with inadequate morphology
(insufficient shorelines, Multiple defects, complex aneurysm,
association of other important lesions).

Echocardiography

Complete transthoracic echocardiography (TTE), including M
mode, 2D, continuous, pulsed colour Doppler were performed
prior to surgery and on each follow-up visit. TEE was routinely
performed in all patients proposed for percutaneous closure
in order to evaluate the ASD morphology and exclude addi-
tional lesions, such as pulmonary venous return abnormality.
The right ventricle size was studied by measuring its diastolic
diameter on the parasternal long axis view (RVTDD), and sys-
tolic pulmonary arterial pressure (SPAP) was estimated from
the tricuspid regurgitation rate [4]. The ratio of flow rates (Qp/
Qs) was obtained by measuring the time-velocity, as well as
the diameters of the pulmonary artery and the left ventricular
ejection pathway [5].

The hemodynamic study

An invasive assessment was performed before surgery when
the SPAP estimated in ultrasound was greater than 50% of the
systemic pressure or 60 mmHg. In these patients, pulmonary
vascular resistance (PVR) had been carefully evaluated. Only
patients with PVR < 5 units Wood -either spontaneously or
after a vaso-reactivity test with nitrogen monoxide-were con-
sidered for the ASD percutaneous closure. In patients with
left atrial pressure greater than 15 mmHg during invasive as-
sessment, ASD balloon occlusion was performed and pressure
measurement was repeated. In patients with an increased left

atrial pressure of more than 10 mm Hg, treatment of heart
failure was initiated prior to ASD closure to reduce after sur-
gery left heart failure risk.

Interventional catheterization

All procedures were performed under general anaesthesia
with endotracheal intubation; and guided by x-ray and TEE.
Anti-platelet aggregation therapy based on aspirin (100 mg /
day) was started at least 2 days before and maintained for at
least 6 months after surgery. A dose of intravenous heparin
was administered during the procedure.

Follow-up

Patients underwent a series of follow-up examinations at 1
day, 1 week, 3-6 months, 12 months, and then every year. In-
cluding clinical examination, electrocardiogram and TTE. Par-
ticular attention has been paid to determining the functional
status and obtaining information on the onset of symptoms or
complications.

STATISTICAL ANALYSIS

The data was entered and analyzed using the SPSS 18.0 soft-
ware. The correlations between the different parameters
were tested by simple linear correlation of Bravais Pearson.
Their threshold of significance is then tested by the Student
test. The alfa risk is set for all tests at 5%.

RESULTS
General characteristics of the population

There were 27 patients, 23 women and 4 men. The mean age
was 47 years-old with extremes between 40 and 65 years.
There were 7 patients aged 60 years or older. Hypertension
was found in 6 patients. Diabetes mellitus in 2 patients. The
rest did not have any particular pathological history. 21 cases
had a sinus rhythm, others were on permanent atrial fibrilla-
tion.

Reported symptoms

The ASD diagnosis was a fortuitous finding in 3 patients who
were totally asymptomatic. Shortness of breath and limitation
of functional ability to exercise were the most frequently re-
ported symptoms. 10 patients reported palpitations (Table 1).
Of the patients with dyspnea, 17 were NYHA class I, 4 were
class Ill and 1 were class IV. The percentage of symptomatic
patients with dyspnea in group A (age < 60 years was 75%). All
patients > 60 years-old (100%) were symptomatic of dyspnea
and 3 (50%) complained of palpitations.

3. ASD anatomy and its consequences on the right cavities:
The majority of ASD were central ostium secundum (Figure 1).
Of the patients with dyspnea, 17 were NYHA class Il, 4 were
class Ill and 1 were class IV. The percentage of symptomatic
patients with dyspnea in group A (age < 60 years was 75%). All
patients > 60 years-old (100%) were symptomatic of dyspnea
and 3 (50%) complained of palpitations.
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Table 1 : Symptoms at diagnosis.

Asymptomatic 20(76,9%)
dyspnea 4(15,3%)
palpitations 1(3,8%)
Chest pain 1(3,8%)
fatigue 0
Syncope 0
Repetitivepulmonary infections 0
Thromboembolicevents 0

ASD anatomy and its consequences on the right cavities:

The majority of ASD were central ostium secundum (Figure 1).

|.z

Figure 1 : ASD anatomy on echography.

Aortic edges were absent in 9 cases (33.3%). The mean ASD di-
ameter in TTE was estimated at 25.8 mm with extremes rang-
ing from 10 to 36 mm. In TEE, the mean diameter was 26.43
+ 6.8mm: the smallest ASD measured 12 mm in diameter and
the largest 38 mm. The balloon calibration technique was not
used in all patients (only 8 patients: minimum diameter = 22
mm, maximum diameter = 38 mm). There was a dilation of
the right cavities in all cases. The diastolic diameter of the
right ventricle RVTDD was 40.6 mm # 3.3 (minimum = 35 mm,
maximum = 45 mm). The SPAP was at 42.95 mmHg + 8.04 [28
mmHg up to 60 mmHg]. Overall, there was an increase in SPAP
with age, although some elderly patients had a normal SPAP.
A correlation was found, but not statistically significant, be-
tween the SPAP value and the ASD closure age (R2=0.042, p =
0.3). On the other hand, there was a positive and statistically
significant correlation between the ASD diameter measured
at the TEE and the value of the SPAP, as well as the RVTDD
(Figure 2).

Pulmonary arterial pressure was linked to the functional class
with a SPAP of 33 £ 9, 42 + 12 and 50 + 15 mm Hg for re-
spectively NYHA Class |, 1l, and Ill patients (P < 0.0001). The
SPAP obtained by echocardiography was on average 10 mm
Hg higher than that measured by catheterization during the

general anaesthesia.
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Figure 2 : SPAP according to ASD diameter.

Interventional catheterization and per-procedural complica-
tions

The ASD percutaneous closure was performed with 2 types
of prostheses: Amplatzer for 25 patients and a Figulla for 2
cases with a size of 24 and 34 mm respectively. The average
diameter of the Amplatzer prosthesis was 27.82 + 6.63 mm
(12 to 38m). The mean time of the procedure was 40 min (30
to 55 min), and the fluoroscopy mean duration was 10.3 min
(5.6 0 12.8 min). No procedure-related death was observed.
No major complications occurred during the procedure. Par-
oxysmal passages of supraventricular arrhythmias sponta-
neously resolved during the procedure were observed in 19
patients among the 21 in sinus rhythm. A single hematoma
was observed in 2 patients. At the end of the procedure, 2 pa-
tients had new passages of supraventricular rhythm disorders:
1 case of atrial fibrillation and 1 case of junctional tachycar-
dia of spontaneous resolution. One patient developed sinus
bradycardia at 40 ¢ / min with good spontaneous evolution.
There was only 1 case of procedural failure due to a particular

anatomy of the left atrium.
Early complications and residual shunts (First day to 3

months follow-up)

3 patients developed a small pericardial effusion, which dis-
appeared spontaneously within 3 months. One patient devel-
oped gastrointestinal haemorrhage secondary to the oral an-
ticoagulant treatment given for atrial fibrillation. No moderate
or severe residual shunt was observed. Although a minimal
residual shunt was frequently observed on the first day after
the procedure, no patients had residual shunt after 3 months
of follow-up. No case of atrial fibrillation occurred during the
follow-up. (Except one case occurring immediately after the
procedure).

Medium-term outcomes (beyond 6 months of follow-up)

A clear improvement in symptoms was observed in all age
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groups (Table 2).
Table 2 : symptoms 6 months after ASD percutaneous closure.

Asymptomatic 3(11,1%)
dyspnea 22(81,5%),
palpitations 10(37%)
Chest pain 8(29,6%)
fatigue 6(22,2%)
Syncope 2(7,4%)
Repetitive pulmonary infections 2(7,4%)
Thromboembolicevents 0

Five patients with persistent atrial fibrillation experienced
persistent arrhythmias. However, 2 patients with persistent
atrial fibrillation experienced a return to sinus rhythm dur-
ing follow-up. Follow-up by Holter revealed the appearance
of frequent atrial extra systoles in a patient who was in sinus
rhythm before the procedure. A decrease in RV size and SPAP
was observed in all age groups. The RVTDD decreased from
40.6 £ 3.3 mm at baseline to 38 £+ 6 mm (P < 0.0001) on the
first post-procedural day to 36 + 6 mm after 1 month and 34
* 6 mm after 1 year of follow-up. SPAP decreased from 42 £ 5
mmHg per procedural to 35 + 13 mmHg on the first day and
34 £ 12 mm Hg at 3 months after ASD closure (P < 0.0001)
remaining stable (33 + 14 mmHg) at the end of the follow-up
(Figure 3). Absolute variations did not differ significantly be-
tween groups (decrease in RV size of 8 + 7 for patients under
60 years old (group A) and 8 £ 6 mm for patients up to 60 years
old (group B), P = 0.80); decrease of SPAP by 8+ 9and 9 + 14
respectively, p = 0.24). Therefore, elderly patients with signifi-
cantly larger RV and higher SPAP prior to ASD closure ended
with a larger RV and a higher SPAP after the procedure.
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Figure 3: Evolution of SPAP and RVTDD after ASD.
DISCUSSION

The advantage of ASD closure in adults, especially those of ad-
vanced age, remains a subject of debate [6-8]. There are very
little data from controlled studies on the treatment of ASD.
ASD percutaneous closure safety of

ASD percutaneous closure in elderly patients has the advan-
tage of being much less invasive and associated with shorter
hospitalization duration than surgery [9, 10]. In the currently
published series, including this work, no case of procedure-

related death was observed. In contrast, ASD surgical closure
was associated with a significant increase in mortality in el-
derly patients [11,12] despite the fact that those sent for sur-
gery were low-risk patients. A study [13] compared the two
techniques showed no death in the surgical group (n = 533)
and intervention group (n = 751), but a higher rate of serious
in-hospital complications in the surgery group (16% versus
3.6% in the intervention group, p = 0.002). The most fatal early
complication is the occurrence of a tamponade due to ero-
sion by the prosthesis. Its frequency is estimated to be about
0.1% [14]. It usually occurs within a week of implantation and

requires urgent evacuation.
BENEFITS OF ASD PERCUTANEOUS CLOSURE ON

THE DIFFERENT PARAMETERS STUDIED

Arrhythmias

The incidence of atrial fibrillation, one of the leading causes
of morbidity in patients with ASD is closely related to age [15].
An increased risk of occurrence of atrial fibrillation, compared
to the general population, is observed in follow-up of patients
aged 40 years or older who had surgical or interventional cor-
rection of their ASD [15-18]. The surgical series with a follow-
up = 20 year show a low incidence of arrhythmias when the
correction is performed before the age of 25 years-old [17,
19]. The effect of percutaneous closure on the risk of late ar-
rhythmias remains a subject of debate, as we do not yet have
large cohorts and follow-up sufficiently long to judge. It is likely
that the results of the percutaneous closure will also be good,
especially since the risk of scar flutter after atriotomy no long-
er exists and that the percutaneous closure is accompanied
by a lesser disturbance of the chronotropic response. Never-
theless, transient atrial fibrillation can be triggered very early
after ASD percutaneous closure [20]. Also, the role played by
CEC caused atrial ischemia is not found in the percutaneous
closure which can help reduce the risk of atrial arrhythmias
after this treatment. In our study, 7.4% of patients developed
atrial fibrillation within 3 months after the procedure. The si-
nus rhythm was restored in all cases emphasizing its transient
nature potentially caused by the mechanical irritation of the
interatrial septum. Silversides et al. [21] reported a greater
likelihood of permanent sinus rhythm after ASD percutaneous
closure in patients less than 40 years of age and without previ-
ous history of arrhythmia. A preventive effect of ASD closure
on the long-term incidence of atrial arrhythmias has been de-
scribed [22]. While persistent atrial fibrillation is less likely to
be affected by percutaneous closure, paroxysmal fibrillation
may improve after the procedure and its probability may even
decrease with age [15]. In summary, atrial arrhythmia is the
primary morbidity observed early after percutaneous closure,
mainly in elderly patients. The delayed rhythmic risk due to
atrial remodelling depends on the precocity of the interatrial
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shunt correction. This implies regular cardio logical monitor-
ing for patients who have had a late closure (in the absence
of residual echocardiographic shunt), in order to manage a
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