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ABSTRACT
Atrial septal defectis the most common congenital heart lesion in adults. Although atrial septal defect closure
is recommended in those with right heart enlargement or paradoxical embolism, data informing such indications
in adults are quite limited. This population has many unique characteristics and needs. In recent years,
significant progress has been made with regard to diagnostic modalities that facilitate the diagnostic workup
of these patients. However, the decision-making process, especially in selected adult patients population
(advanced age, various concomitant diseases, poor LV function [both systolic and diastolic], pulmonary
hypertension, concomitant arrhythmias or multiple defects, or deficient rims) is still not easy. Available data
are predominantly focused on imaging endpoints and short-term morbidity and mortality rather than long-
-term. The evidence base for outcomes with or without defect closure comes from various studies with different
observation periods. Moreover, the clinical experience in diagnosing and treating that subgroup of patients
isinhomogeneous between individual physicians (cardiologists, imaging specialists, operators) and between
small and large experience centers. In the view of the above, the joint group of experts from the Association
of Cardiovascular Interventions and the Grown-Up Congenital Heart Disease Section of the Polish Cardiac
Society developed the following consensus opinion in order to standardize the principles of diagnosis, indications
for treatment, methods of performing procedures, and tenets of postoperative care in Poland.

Background information on atrial septal
defect Atrial septal defect (ASD) is one of
the most prevalent congenital heart defects
and may frequently remain undiagnosed un-
til adulthood."* It is a consequence of various
embryological disorders that cause interatrial

communication. There are 5 types of anatom-

ic defects known:

« Secundum ASD (ASD II): 80% to even more
than 90% of ASDs in the adult population; lo-
cated in the fossa ovalis region and its sur-
rounding tissue.
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+ Primum ASD: 10% to 15% of ASDs; also
known as partial atrioventricular septal de-
fect or partial atrioventricular canal; locat-
ed near the crux of the heart, nearly always
associated with a cleft in the anterior mitral
valve leaflet.

+ Superior sinus venous defect: up to 5% of
ASDs; located near the superior vena cava
entry and often associated with an abnor-
mal connection of the right upper pulmonary
vein to the superior vena cava or the right
atrium (RA).

+ Inferior sinus venosus defect: less than 1%
of ASDs; located in the inferior portion of
the atrial septum, leading to an overriding
of the inferior vena cava (IVC), often associ-
ated with anomalous connection of the right
lower pulmonary vein to the IVC.

+ Unroofed coronary sinus defect or coronary
sinus septal defect: less than 1% of ASDs; par-
tially or completely missing roof of coronary
sinus with lack of separation from the left
atrium (LA), often associated with a persis-
tent left superior vena cava that drains into
the coronary sinus.

Atrial septal defect may also occasionally be
diagnosed together with other congenital car-
diac abnormalities such as anomalous pulmo-
nary venous return, persistent left superior vena
cava, pulmonary valve stenosis, or mitral valve
prolapse. In some of these circumstances, such
as in patients with Ebstein anomaly and pul-
monary stenosis, the pathophysiology related
to ASD is much more complex, and closure of
the defect could cause clinical deterioration.**
Therefore, these recommendations address only
isolated ASD and not ASD associated with com-
plex cardiac defects.

The shunt volume through ASD depends on
the defect size, right and left ventricular (LV)
compliance, and left and right atrial pressures.
A simple ASD causes a left-to-right shunt (sig-
nificant when the defect size is relevant, usually
more than 10 mm) secondary to a higher compli-
ance of the right ventricle (RV) compared with
the LV, and results in RV volume overload and
an increased pulmonary flow. This increase re-
sults in late right heart failure with diminished
functional capacity and fatigue. Atrial enlarge-
ment, which develops with time, leads to fre-
quent atrial arrhythmias (atrial fibrillation and
atrial flutter) and higher risk of thromboembol-
ic complications.®® A clinically significant ASD
may lead to late pulmonary hypertension (PH).
ASDs, like patent foramen ovale (PFO), may also
permit paradoxical embolism resulting in stroke
or transient ischemic attack.

A reduction in LV compliance, or any condi-
tions (significant ischemic heart disease or hy-
pertension, cardiomyopathies, valve diseases)
which are associated with elevation of left atrial
pressure, increase left-to-right shunt. Reduced
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RV compliance (pulmonary arterial hyperten-
sion [PAH], RV outflow tract obstruction), pul-
monary arteries stenosis or other RV diseases)
or tricuspid valve stenosis and/ or regurgitation
may decrease left-to-right shunt or in some cas-
es cause shunt reversal which results in cyanosis.

Prevalence and genetics Although ASDs are
usually sporadic, some are inherited as autoso-
mal dominant syndromes, and heart lesions
could be associated with other congenital de-
fects such as Holt—-Oram syndrome in which
preaxial limb defects are caused by mutations
in the TBX5 gene on chromosome 12q24.1. Fam-
ily forms of ASD with progressive atrioventric-
ular blocks may suggest mutations or haploin-
sufficiency of the Nkx2.5 gene on chromosome
5, while familial ASD without conduction ab-
normalities may be associated with GATA4 mu-
tations. Also, defects in genes responsible for
the formation of the atrial septum (eg, MYHS,
TBX20) can lead to defects of the intra-atrial
septum. Exposure to teratogenes during preg-
nancy is another potential cause of ASD as ob-
served in fetal alcohol syndrome.*"?

Natural history, clinical presentation,
and management of unoperated patients
Patients with ASD usually remain asymptom-
atic until adulthood. Majority of them may de-
velop symptoms after the fourth or fifth decade
of life, including: shortness of breath, poorer
exercise tolerance (dyspnea and fatigue), and
supraventricular arrhythmias (atrial fibrilla-
tion, atrial flutter, atrial tachycardia, or sick si-
nus syndrome). Sometimes paradoxical embo-
li, heart failure or RV failure, and pulmonary
vascular disease can also be observed (5% to
9% of patients).

Studies describing unoperated patients with
large ASD (before 1980) revealed that nearly
25% of these patients died before the age of 27
years and 90% before the age of 60 years. Life ex-
pectancy is still reduced if closure is performed
after the age of 25 years, but survival is much
better than previously assumed. Pulmonary ar-
tery pressure (PAP) can be normal, but usually
increases with age. Severe increase of resistant
PH is rare (less than 5%) and its development is
related to additional multifactorial factors sim-
ilar to idiopathic PH." After the fifth decade of
life, the severity of PH increases and tachyar-
rhythmias are more common. Symptoms vary
widely with age at presentation and shunt vol-
ume, which means that symptoms alone can-
not guide therapy.'

Physical examination can reveal systolic si-
lent murmur, fixed split second heart sound, or
diastolic flow rumble across the tricuspid valve,
but the introduction of cardiac ultrasonogra-
phy has enabled early diagnosis. Low mortality
rates after surgical repair led to rapid increase

1067



1068

in the number of ASD closure procedures over
the past 2 decades, but the availability of percu-
taneous closure procedures facilitated the deci-
sion to proceed with the intervention especial-
ly in children.” Currently, only few patients re-
main treated conservatively without percuta-
neous or surgical repair due to severe vascular
disease leading to irreversible PH and Eisen-
menger syndrome.

In patients with atrial fibrillation and/ or af-
ter thromboembolic event, oral anticoagulation
may be considered. There are no data supporting
the use of calcium channel blockers in patients
with Eisenmenger syndrome. In these patients,
according to the European Society of Cardiolo-
gy (ESC) guidelines, 3 classes of drugs have been
recently approved for treatment of PAH: endo-
thelin receptor antagonists, phosphodiesterase
type-5 inhibitors, and prostanoids. Efficacy and
safety of these drugs have been demonstrated
in PH associated with congenital heart disease
and in Eisenmenger syndrome. Treatment of
Eisenmenger syndrome should include also very
late complications associated with hyperviscos-
ity symptoms, bleeding and thrombotic diathe-
sis, thromboembolic events (paradoxical embo-
li), microcytosis, iron deficiency, arrhythmias
(both supraventricular and ventricular), infec-
tious complications (endocarditis, cerebral ab-
scess, pneumonia), and many others.”

Noninvasive diagnostics Echocardiography
Echocardiography is the main imaging modali-
ty in the diagnostic workup of ASD. It is neces-
sary in qualification and monitoring of interven-
tional procedures as well as in follow-up, with
particular emphasis on peri- and postoperative
complications.*"” Transthoracic echocardiogra-
phy (TTE) enables not only the recognition of
the defect, but also the assessment of shunt he-
modynamic significance. Transesophageal echo-
cardiography (TEE) is required in terms of in-
conclusive TTE or during qualification for per-
cutaneous interventions.

Transthoracic echocardiography Transthoracic
echocardiography is the preferred initial diag-
nostic modality for the detection and diagnosis
of ASD. To properly evaluate the size and loca-
tion of a communication, multiple views should
be used: different cuts of parasternal and apical
but also subxiphoid views are very useful, also
in adults with poor acoustic window. A detailed
overview of the recommended projections is be-
yond the scope of this document, but should be
consulted in the relevant guidelines.

Hemodynamically significant ASD causes dil-
atation of the RV with paradoxical intraventric-
ular septum movement, RA, and pulmonary
trunk which can be assessed on TTE."*'® Apart
from the RV dimension, it is also important to
assess its function.
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Symptoms of RV overload are one of the in-
dications for defect closure. Another parameter
evaluated in the TTE is the approximate mea-
surement of systolic or mean PAP. In case of any
doubt, right heart catheterization (RHC) is re-
quired to verify the significance of PH. Trans-
thoracic echocardiography is usually efficient
enough to determine not only the ASD type of
but also septum morphology and the presence
of septum aneurysm defined as a redundancy of
tissue with the excursion of 10 mm from the atri-
al septum plane into the RA or the LA. Trans-
thoracic echocardiography should also include
evaluation of mitral and tricuspid valve regurgi-
tation since ASD may coexist with mitral valve
prolapse and dilatation of tricuspid ring, which
should be considered when referring a patient for
percutaneous or surgical treatment. It is man-
datory to exclude other congenital malforma-
tions, for example, ventricular septal defect or
pulmonary stenosis.

Another crucial issue is LV systolic and dia-
stolic dysfunction. Closure of ASD may cause
LV overload and acute heart failure with pul-
monary edema. It should be emphasized that
false-positive detection of ASD on TTE may oc-
cur as a result of misinterpretation of, for exam-
ple, the inflow from the IVC directed towards
the atrial septum. Intravenous first-generation
contrast infusion or TEE may be conclusive in
such condition. Secundum ASD can be misdi-
agnosed in the presence of a coronary sinus de-
fect—dilated coronary sinus drains to the RA
and may imitate lack of continuity of the sep-
tum. In this particular condition, contrast in-
jection but only through the left ulnar vein may
confirm the diagnosis.

The image quality of TTE, especially in adult
patients, does not always permit a correct and
detailed evaluation of the shunt; however, right
heart overload should prompt a thorough search
for its causes, including TEE.

Transesophageal echocardiography Transesoph-
ageal echocardiography examination is per-
formed to confirm the diagnosis of the shunt,
define its type and, in the case of ASD II, as-
sess the possibility of performing percutaneous
closure. It is necessary to determine and veri-
fy the number, size, and shape of defects and
their spatial relation to the surrounding struc-
tures.'*" It is pivotal to evaluate rims—the aor-
tic rim is the only one not obligatory for percuta-
neous closure. All other rims should be at least
5 mm, although in addition to length, their qual-
ity is also important. Three-dimensional (3D)
imaging is of special importance in assessing
shape, size, and spatial relations of especially
multifenestrated defects. It is also crucial to as-
sess the length of the pulmonary veins to the LA
and dimension of the Eustachian valve and Chi-
ari network which may interfere with catheters



in case of large size or excessive mobility. Such
comprehensive assessment is possible in 2D im-
aging; however, it requires systematic analy-
sis of projections obtained at different esoph-
agus depths and at different angles. A detailed
description of the TEE assessment during ASD
evaluation and closure procedure (including 3D
imaging) is included in Supplementary material.

Cardiac magnetic resonance Echocardiogra-
phy still remains the gold standard in every-
day routine diagnostic work-up of patients
with suspected or otherwise confirmed ASD II.
This is further supported by increasing accu-
racy of the assessment, with the introduction
of real-time 3D echocardiography on a broad-
er scale. Nevertheless, cardiac magnetic reso-
nance (CMR) has recently become increasing-
ly important in the diagnosis and evaluation
of different congenital entities in adults, in-
cluding ASD II.18"

In general, 3 different scenarios for CMR ap-
plication can be distinguished. First, it can be
applied when, for a number of reasons, the qual-
ity of echocardiographic examination is not suf-
ficient. In this regard, CMR can provide infor-
mation in all aspects usually covered on echo-
cardiography including systemic blood flow [Qs]
and pulmonary blood flow [Qp]; however, with
inferior ability to assess gradients and/ or pres-
sures (eg, PAP) or accompanying small mobile
tissue structures. Second, when borderline or
conflicting results are obtained on echocardiog-
raphy, CMR can serve as a second-line method
that helps to decide on further clinical steps,
especially when it comes to volumes and ejec-
tion fraction issues. Third, CMR may be con-
sidered as a reference imaging modality in ar-
eas where it exceeds echocardiographic perfor-
mance. Typically, in the suspicion of left-to-right
shunt, CMR is considered as an ideal modali-
ty to delineate pulmonary venous connections,
especially anomalous (eg, innominate or verti-
cal vein).2%2' Another area in which CMR excels
is RV volumes, mass, and ejection fraction esti-
mation (RV overload) which can be difficult to
accurately assess by echocardiography.?2?3 It is
also worth noting that CMR, due to lack of ion-
izing radiation, is safe for serial examinations.

Cardiac computed tomography In the setting of
ASD I, indications for cardiac computed tomog-
raphy are similar to those fore CMR."?* Cardiac
computed tomography is usually more accessi-
ble than CMR and is not contraindicated after
permanent pacemaker implantation. In terms
of diagnostic abilities for adults with congen-
ital heart disease or after surgery/repair due
to superior spatial resolution, it is best suited
for extracardiac vascular anatomy assessment
and less useful for ventricular volumes/func-
tion or valvular structure/function estimation
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(compared to echocardiography and CMR). Its
major drawback is potentially higher radiation
dose, therefore limiting its use for serial applica-
tions.”” When used for cardiac assessment, ECG-
-gated acquisition is recommended. Additionally,
in older patients (usually >40 years of age) with
confirmed ASD II and referred for either device
or surgical closure and with concomitant risk for
coronary artery disease, coronary computed to-
mography angiography might be performed in-
stead of conventional angiography.

Exercise test Adults with congenital heart dis-
ease, including ASD, are a rather specific group
in whom symptoms are likely to be underesti-
mated and limitations underreported. Moreover,
considering the fact that their disease is life-
long, they might have never experienced “nor-
mal” function. Cardiopulmonary exercise test-
ing (CPET) with objective assessment of exercise
capacity is believed to be useful in both decision-
-making in unrepaired ASD II and in follow-up
after device or surgical closure."? Usually, in
unrepaired ASD, one can expect decreased exer-
cise capacity that is demonstrated by maximum
oxygen uptake reduction (peak VO, or VO, ),
especially seen in older patients.?® It is not well
established whether this decrease is correlated
with hemodynamic parameters at rest (eg, mean
pulmonary arterial pressure, ratio of Qp to Qs).
Interestingly, but in agreement with specificity
of the population, decreased capacity in CPET
can be found in the so-called asymptomatic pa-
tients. Additionally, other parameters that can
be affected in baseline CPET are ventilator effi-
ciency (increased VE/VCO, slope due to RV dys-
function and/ or pulmonary pressure elevation
and/or lung disease) and ventilatory anaerobic
threshold (decreased due to muscular decon-
ditioning).”® Given the objective, reproducible,
and repeatable assessment and correlation with
mortality and morbidity, CPET may play a role
in the decision-making process and timing of in-
tervention, and afterwards, may be part of serial
follow-up checks after device or surgical closure.
When CPET is not available or the patient can-
not complete it for different reasons, the simple
6-minute walk test can be applied instead. It pro-
vides more limited data; however, its prognos-
tic value is still higher than relying on medical
history alone.?

Pulse oximetry Pulse oximetry is a noninva-
sive, quick, simple, safe, and painless test that
measures oxygen saturation (SpO,). It does not
require calibration and is able to provide in-
stantaneous data that correlate well with blood
gas measurements. Its use has recently been ad-
vocated by guidelines for screening of patients
with ASD and accompanying pulmonary vas-
culopathy.? In this subset of patients, despite
left-to-right shunt present at rest (Sp0,>90%),

Percutaneous closure of atrial septal defect 1069



1070

ASD IT + PH (RVSP >40 mm Hg on echocardiography)

mPAP >25 mm Hg and PVR >3 WU

A4

PH confirmed

PCWP <15 mm Hg

PCWP >15 mm Hg

\4

Precapillary

A4 \4

Right-to-left shunt
Eisenmenger syndrome

Left-to-right shunt
Qp to Qs ratio 1.5:1

Loy
No closure Closure

PAP decrease >20%
PVR >5 WU without decrease
v of SAP or increase
of PCWP
Consultation in a PH reference center
Vasodilator testing (nitric oxide)
v PVR <5 WU

PVR <% SVR and/or
SPAP <50% (or %5?)

SSAP Yes No

l v v

A4

Postcapillary

A 4

Balloon occlusion test

v

No closure or consider
Closure fenestrated device

FIGURE1  Diagnostic algorithm for patients with atrial septal defect and pulmonary hypertension

Abbreviations: ASD 11, atrial septal defect type 2; mPAP, mean pulmonary artery pressure; Qp, pulmonary blood flow; Qs, systemic
blood flow; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PH, pulmonary hypertension;

PVR, pulmonary vascular resistance; RHC, right heart catheterization; RVSP, right ventricular systolic pressure; SAP, systemic atrial
pressure; SPAP, systolic pulmonary artery pressure; SSAP, systolic systemic atrial pressure

flow mediated dilatation of the pulmonary ar-
tery cannot increase appropriately and pul-
monary arterial resistances go up during ex-
ercise resulting in shunt reversal and subse-
quent SpO, drop (<90%). To that end, exercise
pulse oximetry can eventually result (eg, af-
ter confirming on CPET) in either a decision
not to close the defect or to postpone closure
with prior preparation and administration of
specific pharmacological agents (eg, sildenafil
or bosentan) known to reduce pressures and
desaturation.?®

Invasive diagnostics: heart catheterization
Right heart catheterization is the gold standard
for the diagnosis of PH in patients with ASD and
is used to select patients for defect closure. To
determine detailed hemodynamics for decision-
-making or to clarify discrepant or inconclusive
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data from noninvasive imaging, diagnostic cath-
eterization may be necessary (FIGURE1). Right heart
catheterization is necessary to assess the sever-
ity of hemodynamic impairment and undertake
vasoreactivity testing in selected patients.”
Selection of patients for RHC is based on
the results of echocardiography. If peak tricus-
pid regurgitation velocity exceeds 2.9 m/s (or RV
systolic pressure exceeds 40 mm Hg), PH occur-
rence is highly suspected.” Right heart cathe-
terization should be performed in centers with
an expert catheterization laboratory in accor-
dance with current guidelines.”’-? Right heart
catheterization is a technically demanding pro-
cedure that requires attention to detail to obtain
clinically useful information. Proper patient hy-
dration before the examination is of great impor-
tance. The procedure is performed from a cen-
tral vein puncture using a Swan-Ganz catheter



TABLE 1

terminated with a balloon, to measure the pul-
monary capillary wedge pressure (PCWP). Di-
rect measurements of blood pressure in the RA,
RV, pulmonary artery, and in some cases also in
the LA are also performed. Pulmonary hyperten-
sion is diagnosed if the mean PAP is 25 mm Hg
or higher (more than 20 mm Hg according to
the newest guidelines) and simultaneously pul-
monary vascular resistance (PVR) is 3 WU or
higher.?’ Cardiac output and pulmonary and
systemic flow are assessed using the Fick meth-
0d.?”? For this purpose, blood samples for ox-
imetry should be taken from the superior and
the IVC (to calculate the oxygen saturation of
mixed venous blood in the RA), then in the pul-
monary artery. Systemic arterial blood oxygen
saturation (in the aorta or peripheral artery)
should be determined separately. Subsequently
calculations using standard formulas should be
performed. The direct oxygen uptake test should
be performed before RHC (direct Fick method).
This technique is, however, not widely available.
It is also possible to estimate oxygen consump-
tion on the basis of the patient’s age, sex, and
body surface area according to the formula pro-
posed by Bergsta et al,?! or on the basis of body
surface area: body surface area x125 ml/min or
body surface areax 110 ml/min in elderly pa-
tients. The indirect Fick method, which uses
estimated values of oxygen consumption, is ac-
ceptable (20% measurement error is possible).?’
The minute cardiac output by the Fick method
is calculated based on the following formula:

oxygen consumption [ml/min]

CO=
(arterial oxygen content — venous
oxygen content) /10 [ml/]]

where arterial oxygen content = 1.36 x he-
moglobin concentration [g/dl] x arterial oxy-
gen saturation, and venous oxygen content =

Classic recommendations for closure of atrial septal defect according to

the new 2020 European Society of Cardiology guidelines for the management of
adult congenital heart disease

Indications for atrial septal defect closure Class  Level of evidence
Patients with ASD and evidence of right ventricle I B
volume overload and no pulmonary hypertension or

left ventricular disease

Balloon testing is recommended before the decisionto I C
close in patients with ASD and left ventricle disease

Patients with suspicion of paradoxical embolism Ila C
regardless of size of the defect.

Patients with elevated PVR (3-5 WU) when significant JIE] C
left to right shunt is present (Qp to Qs ratio >1.5)

Fenestrated ASD closure may be considered in patients  IIb C

with PVR =5 WU, when significant left-to-right shunt
(Qp to Qs ratio >1.5) is present and PVR falls below 5

WU after PH treatment

Abbreviations: see FIGURE 1
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1.36 x hemoglobin concentration [g/dl] x venous
oxygen saturation.

Based on that, Qp, Qs, as well as cardiac in-
dex, and pulmonary and systemic vascular re-
sistance (SVR) values may be calculated. The Qp
to Qs ratio exceeding 1.5 in the absence of con-
comitant irreversible PH is an indication for de-
fect closure.

Classic indications for intervention: cathe-
ter/surgical First surgical ASD repair was
reported in 1948,3? and over the next years, it
developed into a procedure with minimal mor-
tality and morbidity. Nowadays, long-term re-
sults of surgical repair of ASD II are excellent,
especially in young patients under 25 years of
age.”” Safe methods of minimally invasive sur-
gery improved cosmetic results and shortened
recovery.” The percutaneous transcatheter clo-
sure of ASD Il was first published in 1974,3* and it
has become widespread after developing the Am-
platzer septal occluder (AGA Medical, Plym-
outh, Minnesota, United States), followed by
other devices.

Closure of ASD is indicated in the presence
of substantial left-to-right shunt leading to
a significant right heart enlargement due to
volume overload."” The significance of shunt-
ing could be also determined by the ratio of Qp
to Qs higher than 1.5, although this index is of
secondary importance comparing to the signs
of the above-mentioned RV remodeling. Such
indication is supported by strongest evidence.
The presence of PH, as it has been mentioned
before, requires a more thorough workup. Right
heart catheterization may be useful if the echo-
cardiography is nonconclusive. As PAH is po-
tentially one of the consequences of a left-to-
-right shunt, the indication for an interven-
tional treatment is additionally constrained by
the values of PAP/PVR. Closure of ASD should
not be performed in patients with Eisenmenger
physiology, those with PAH and PVR 25 WU de-
spite targeted PAH treatment or desaturation
on exercise. New 2020 ESC recommendations
for ASD closure are listed in TasLE 1.

Anatomic factors Transcatheter closure has
emerged as the leading method of closure in
ostium secundum defects. It is now dedicated
for patients with feasible morphology (defect
diameter <38 mm, sufficient rims of 5 mm ex-
cept towards the aorta—class of recommenda-
tion I). Specific indications for surgical approach
include: ASD other than secundum, lack of suf-
ficient rims (<5 mm) other than towards aor-
ta, need for other cardiosurgical interventions.

The insufficient retroaortic rim is not an ab-
solute contraindication for transcatheter clo-
sure, but was recognized as one of the factors
determining the increased risk of device-related
aortic or atrial erosion.*® The qualification for
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interventional treatment in case of such anat-
omy should be proceeded within the Heart
Team and the potential risk of a transcatheter
approach and a surgical alternative should be
carefully discussed with the patient. For trans-
catheter treatment, the devices without restric-
tions for the insufficient aortic rim in instruc-
tion for use are preferred.

Patients with other types of ASD are usual-
ly referred for surgical closure. Those with bor-
derline anatomy should be discussed within
the Heart Team.

Special populations  Special populations include
patients with small ASD (not fulfilling above
criteria) and:

+ History of cerebrovascular or other embol-
ic events that may be explained by right-to-
-left shunt and paradoxical emboli. Such pa-
tients may be considered for ASD closure re-
gardless of the defect size. The hemodynam-
ic significance of left-to-right shunting is not
necessary to be proven in patients with sus-
picion of paradoxical embolism. In such pa-
tients, the workup should include opinion of
a neurologist (ESC class of recommendation
IIa, level of evidence C).

+ Patients with orthodeoxia-platypnea syn-
drome may be considered for transcatheter
closure.

- Patients with small defects but engaging in
professional or recreational activities which
can increase the risk of paradoxical embo-
lism (eg, divers).

+ Patients with small ASD who are planning
pregnancy.

+ Patients with ASD and functional tricuspid
regurgitation related to right heart remodel-
ing are a specific subgroup that not precisely
addressed in the current guidelines. The re-
sults of a prospective registry*® demonstrated
awidespread improvement in TR severity af-
ter percutaneous ASD closure, which may sup-
port the choice of this treatment over surgi-
cal ASD closure with tricuspid repair. The pre-
cise identification of TR mechanism remains
of critical importance in this setting.

Interventions in special situations Patients
with left ventricular dysfunction and older adults/el-
derly patients There are some differences be-
tween teenagers/young adults and older or el-
derly patients with ASD. Elderly patients or older
adults (>60 years of age) with ASD more frequent-
ly present with elevated systolic PAP, significant
tricuspid regurgitation, and atrial fibrillation.
Persistent atrial fibrillation has been observed
in one-third of patients with ASD older than 60
years. The majority develop symptoms of reduced
functional capacity, shortness of breath during
exercise, and palpitations. Symptoms were ob-
served in 83% of patients older than 60 years.*’
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In general, patients with significant shunt and
PVR of less than 5 WU should undergo ASD clo-
sure regardless of symptoms and age.! It should
be emphasized that elderly patients also benefit
from closure."¥3¢ Patients older than 60 years
improved markedly, with almost 70% of them
being asymptomatic after the intervention com-
pared with about 16% before.!

Since ASD closure is significantly less inva-
sive than operation and associated with fewer
complications,* it became an attractive therapy
for the older adults/ elderly. Percutaneous clo-
sure of ASD can be performed safely and suc-
cessfully in those patients. Symptoms reduc-
tion, improvement of functional exercise capac-
ity, and recovery of both RV and LV functions
have been reported.*

Thus, interventional closure of ASD II with
a significant left-to-right shunt can be recom-
mended in elderly patients (>60 years), with good
results in the majority of them." In patients of
advanced age with ASD who are not feasible
for device closure, individual surgical risk as-
sociated with comorbidities should be careful-
ly weighed against the potential benefits of ASD
closure. Surgical closure of ASD should also be
considered in patients who are undergoing tri-
cuspid valve repair or replacement.’

Atrial septal defect closure may not be asso-
ciated with electromechanical improvement in
elderly patients despite improved ventricular di-
mensions and reduced symptoms, and appears
not to affect the arrhythmias they had before, or
frequency of new which develop during follow-

-up.”’ Those patients should be informed about
that before the intervention.

In patients with angina pectoris or even risk
factors for coronary disease, a coronary angio-
gram is advised before closure."* It is reasonable
to use computed tomography coronary angiog-
raphy to exclude significant obstructive lesions
in patients with a low/intermediate risk of cor-
onary artery disease.” Patients with significant
stenosis can be treated by percutaneous coro-
nary intervention during the same procedure.*

In general, the shunt volume depends on
RV/LV compliance and defect size. Closure of
ASD with abolishment of left-to-right shunt
leads to augmented LV filling by increased LV
preload and therefore improved LV stroke vol-
ume and increase of functional capacity. In older
patients, aging, comorbidities such as hyperten-
sion (LV hypertrophy), vascular disease, myocar-
dial infarction, cardiomyopathy may cause de-
creased LV compliance.” A restrictive diastolic
ventricular function is generally observed more
frequently in older adults, and it may lead to sec-
ondary PH and, as a consequence, to pressure-

-overload RV failure. In these cases, reduced LV
compliance may also increase left-to-right shunt
through the defect, and may secondarily lead
to volume-overload RV failure and worsening



of symptoms.’’ This may justify closure of de-
fects considered to be anatomically borderline.

On the other hand, in patients with impaired
LV function (both systolic and diastolic) and
increased LV end-diastolic and LA pressures,
ASD can have a decompressive effect on the LV.
The abrupt closure of ASD in this setting may
lead to rapid volume and pressure overload of
the left heart, and may result in acute LV failure
and pulmonary edema requiring mechanical ven-
tilation, catecholamines support, and increased
doses of diuretics."" Atrial septal defect closure
in such situations may also lead to reduced ex-
ercise tolerance, supraventricular arrythmias
and biventricular congestive heart failure. 34

Patients with evidence of LV dysfunction
should undergo careful additional evaluation be-
fore ASD closure to establish the optimal treat-
ment.’**3 Plasma biomarkers (brain natriuretic
peptides) may also be helpful in identifying pa-
tients with symptoms of subclinical heart fail-
ure.”” If ASD closure is planned in those patients,
preinterventional assessment with echocardiog-
raphy and evaluation of mitral inflow pattern
and ASD balloon occlusion with reassessment
of hemodynamics is recommended.?’ The bal-
loon occlusion test includes temporary occlu-
sion of the ASD with a sizing balloon and main-
taining catheters in the LA and LV to monitor
pressure changes. Special care should be taken
not to compromise pulmonary veins and mitral
valve inflow with the inflated balloon.

In patients with a left atrial pressure increase
of more than 10 mm Hg, or systemic pressure
drop, or pulmonary pressure increase (positive
balloon occlusion test), the closure should be
postponed.’’*¢ Pulsed Doppler measurements
of the mitral valve inflow during balloon infla-
tion may also help to estimate the ASD closure
results. The high-risk patients can be recognized
if a pathological increase of the E to A ratio (ra-
tio of early to late ventricular filling velocity) of
the mitral inflow pattern is observed.’’

Further treatment is requested before closing
the defect in those patients to reduce the risk of
worsening symptoms of left heart failure after
the intervention. Reversible causes of LV dys-
function such as myocardial ischemia or uncon-
trolled hypertension should be treated first.*® If
this is not possible, a pharmacological treatment
with diuretics, vasodilators, or inotropes is ad-
vised. This LV “preconditioning” before ASD clo-
sure, applied for 48 hours to 4 weeks, was suc-
cessful in all reported high-risk patients older
than 60 years.""*?

Self-fenestrated devices (eg, Amplatzer ASD
occluders) have been described to successfully
minimize the risk of heart failure and pulmo-
nary edema following successful device closure.
A self-made fenestration of 4 to 6 mm can be
made in the occluder to permit residual shunt-
ing and can be closed later with a vascular plug
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if residual shunting is hemodynamically sig-
nificant and balloon occlusion does not show
any significant increase in LV filling pressure.*®

In summary, irrespective of the differences
with younger patients, the symptomatic older
adults/ederly (>60 years) with secandum ASD
benefit from transcatheter closure. Coexisting
systolic/ diastolic LV dysfunction should be tak-
en into account in these patients. The abrupt clo-
sure of ASD in this setting leads to rapid volume
and pressure overload of the left heart, and may
resultin acute LV failure. Patients with evidence
of LV dysfunction should undergo additional
preinterventional echocardiographic and cath-
eter evaluation. In some patients, ASD closure
has to be deferred and performed after success-
ful ,preconditioning” of the LV.

Patients with pulmonary hypertension Pulmo-
nary hypertension with an increased systolic
PAP of 40 mm Hg or higher, assessed by echo-
cardiography, has been observed in 6% to 35% of
patients with ASD II.°! Moderate-to-severe PH
in ASD is seen in 9% to 22% of cases.”’ Pulmo-
nary hypertension in patients with ASD may be
associated with functional capacity limitations,
heart failure, atrial tachyarrhythmias, and in-
creased mortality. Preprocedural PH remains
a predictor of heart failure, arrhythmias, and
mortality even after defect closure.”’>

If PH is suspected on echocardiography, RHC
should be performed. Pulmonary hyperten-
sion is diagnosed if mean PAP is higher than
25 mm Hg and PVR is 3 WU or higher. In addi-
tion, precapillary PH is diagnosed if PCWP is
15 mm Hg or below, and postcapillary PH is di-
agnosed if PCWP exceeds 15 mm Hg.*®

Pulmonary hypertension in the setting of
ASD can be secondary to various etiologies. Post-
capillary PH may be secondary to elevated LV
end-diastolic pressure as seen in patients with
ischemic heart disease, arterial hypertension,
diabetes mellitus, and chronic kidney disease
or due to mitral valve disease.”® Precapillary
PH associated with ASD may be a result of in-
creased blood flow through a large shunt and in-
creased pressure causing pulmonary arteriop-
athy, but in some cases, PH may be dispropor-
tionate to the shunt volume. Patients with re-
versible PH who will clearly benefit from shunt
closure are at one end of the spectrum. At the
other end, however, are those with irreversible
PH with shunt reversal (Eisenmenger syndrome)
in whom closure of ASD is not recommended and
should be managed pharmacologically (mte1).2"53

The main challenge is the precise identifi-
cation of patients with ASD and reversible PH
who may benefit from shunt closure.’® A ther-
apeutic strategy in patients with ASD II and
significant PH remains controversial due to
lack of evidence-based trials. In case of post-
-capillary PH and LV dysfunction, ASD closure
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may precipitate acute LV insufficiency. For this
reason, the balloon occlusion test (balloon in-
flation sealing the defect until the shunt com-
pletely disappears, lasting 10-15 minutes along
with PCWP and PAP monitoring) should be
performed. If the PAP decreases by more than
25% with no decrease in systemic pressure and
PCWP at the same time, the test is deemed pos-
itive and closure may be considered.’* Other-
wise, implantation of a fenestrated device may
be an option.*®

There is no precise cutoff parameter that
would preclude ASD II closure in the presence
of precapillary PH. Currently, according to
the ESC guidelines, the closure is recommend-
ed, if the defect is significant and PVR is less
than 5 WU." However, guidelines indicate that
PH may be corrected by closure of the defect
when PVR is 5 WU or higher, but the shunt is
still left to right, PAP is less than two-thirds of
systemic levels, and the ratio of PVR to SVR in-
dex is below 2/3, without a specific PVR cutoff
value. If values exceed 5 WU and PVR to SVR in-
dex is above 2/3, the decision should be made in
an expert center based on a hemodynamic as-
sessment with the reversibility test, optimally
with nitric oxide usage.! According to the 2018
guidelines if the American College of Cardiolo-
gy and American Heart Association for the man-
agement of adults with congenital heart disease,
closure of ASD, either percutaneously or surgi-
cally, may be considered if left to right shunt-
ing (Qp:Qs) is 1.5:1 or greater, systolic PAP is
50% or more of systemic arterial systolic pres-
sure, and/or PVR is greater than one-third of
the systemic resistance.” Nevertheless, ASD clo-
sure should not be performed in adults with sys-
tolic PAP higher than 2/3 systolic systemic ar-
terial pressure and/or PVR higher than 2/3 of
SVR.2 On the other hand, Galié et al”’ consid-
ered closure to be contraindicated at a PVR of
4.6 WU or higher (PVR index - PVRI, more than
8 WU xm?), but the recommendation was based
on an expert opinion rather than randomized
trials. Despite the lack of reliable data, acute pul-
monary vasodilator testing in reference PH cen-
ters is widely recommended in cases with a base-
line PVRI of 4 to 8 WU xm?to assess the resid-
ual dilatatory capacity of the pulmonary vascu-
lar bed. A decrease of 20% in PVR, and decrease
of 20% in the ratio of PVR to SVR, resulting in
a final PVRI of less than 6 WU xm?and a final
ratio of PVR to SVR of below 1/3 are considered
to indicate a favorable outcome after shunt clo-
sure.”®’’ Re-evaluation can optionally be made
after a short attempt at treatment with specif-
ic PH therapy, for example, endothelin receptor
antagonists (bosentan), prostacyclines, or phos-
phodiesterase-5 inhibitors. The major limita-
tion of these recommendations is that they are
based on expert opinions or data derived only
from small case series.
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Patients with multiple defects or deficient
rims Interventions in patients with multiple defects
Patients with multiple interatrial defects ac-
count for about 10% of all patients with secun-
dum ASD. There are many challenges to consid-
er when planning percutaneous closure of mul-
tiple interatrial defects. One of the basic ones is
to accurately determine the number and size of
individual defects, the distance between them
and the topography of the defects in relation to
each other and to surrounding structures of the
heart. It is also important to determine whether
the septum structure is stable or aneurysmat-
ic, since the latter often have multiple defects.

Meticulous diagnostic imaging is extremely
important for the percutaneous closure of mul-
tiple interatrial defects. Real-time 3D echocar-
diography should always be considered in addi-
tion to standard transthoracic and TEE. It facili-
tates the understanding of spatial relationships
and helps to plan the transcatheter procedure.
In addition, which is very important, it allows
recognizing whether one irregular defect is not
incorrectly interpreted as multiple defects. In
some cases, balloon calibration may also be use-
ful when planning the procedure. With its help,
we can determine the compliance of the atri-
al septum tissue, usefulness of the rims, and
likelihood of closing the surrounding defects
at the same time.

Usually, small defects in the close proximity
of alarge defect can be closed with a single de-
vice. This mainly applies if the defects are not
located further than 7 mm away from the large
defect (the protruding part of the left atrial disc).
If a small residual shunt remains close to the im-
plant, it usually closes during follow-up due to
endothelization process.*® If it does not happen
after 6 months, subsequent device implanta-
tion may be considered. Using 1 device is cost-
-effective, but most importantly, may help avoid
bulky profiles.

Alternatively, if the defects are close together
and the tissue separating them is thin, it is possible
to implant an oversized device in the hope that this
tissue band will burst creating one larger defect.*

If the defects are located more than 5 to 7 mm
away from each other, 2 implants should be used.
There are various techniques for such implanta-
tion. If the defects are far away, the order of re-
lease does not matter. However, if the implants
interfere with each other, it is best to use the in-
terleaving technique. The implants are released
simultaneously in the following order: the left
atrial disc of the first implant, then the left and
the right atrial disc of the second implant, and fi-
nally the right atrial disc of the first implant. This
ensures the least bulky profile of the atrial sep-
tum.®? Alternatively, occluders can be implanted
sequentially, but there is no agreement on this
topic in the available literature on which occlud-
er should be implanted first: larger or smaller.”-%



For a multifenestrated large aneurismatic sep-
tum, a non-self-centering device placement may
be a good option.®? Sometimes in such cases, in
order to close all the defects while stabilizing
the floppy septum, one may consider punctur-
ing the central part of the septum with a trans-
septic needle and implanting through this hole
a non-self-centering implant.

Percutaneous closure of multiple (or multi-
fenestrated) interatrial defects is possible and
effective; however, there are reports of a high-
er frequency of residual shunts.®

Interventions in patients with deficientrims  The ide-
al type of interatrial defect for percutaneous clo-
sure is the defect located in the central part of
the septum with minimum rims of 5 mm or larg-
er. A deficient rim is defined as less than 5 mm.*

The deficient retroaortic rim is present in
36% to 57% of patients with secundum ASD.®
It was shown that percutaneous closure of ASD
with the absent or deficient retroaortic rim is
the cause of an increased risk of erosion, but
most leading centers treat these patients per-
cutaneously. The deficient retroaortic rim is
associated with an increased risk of impinge-
ment of the device on the aorta, but this is not
associated with aortic regurgitation. More re-
cent studies do not confirm the relationship of
the deficient retroaortic rim with an increased
risk of erosion or other adverse events.’ How-
ever, in patients with large defects, the absence
of the retroaortic rim can cause difficulties in
the percutaneous closure of ASD. In this situ-
ation, the left atrial disc of the implant trends
to slip over the anterior wall of the atrium and
prolapse into the RA.

There are a number of technical modifica-
tions helpful to close these challenging de-
fects. The most common is the clockwise rota-
tion of the delivery system, thus the left disc of
the device attempts to position itself towards
the roof of the LA before the right disc is im-
planted. If this technique is ineffective, the left
disc of the device can be initially implanted into
the right or left upper pulmonary vein. After im-
plantation of the right disk, introducer sheath
is gently pushed so the left disk can prolapse
from the pulmonary vein into the correct posi-
tion. Finally, the balloon-assisted closure tech-
nique might be considered. By the additional
femoral venous sheath, the sizing balloon is
introduced to the septum and partly inflated
during the device implantation. After the com-
plete implantation of the device, the balloon is
deflated and carefully removed. In some cas-
es, the use of steerable introducer sheath or
the sets with a more flexible connection be-
tween the implant and the insertion cable can
also facilitate the closure of alarge defect with
a deficient retroaortic rim. It should be empha-
sized that it is not recommended to close defects
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with a deficient or absent retroaortic rim with
no superior rim.

The deficient posteroinferior rim occurs in
3.3% of patients with secundum ASD. Percu-
taneous closure of this defect is feasible but
it is associated with an increased risk of de-
vice embolization. Even if the device is well
implanted and initially stable, it can slip to
the IVC, which usually takes place a few hours
after the procedure. In rare situations, cyano-
sis can appear after the procedure, despite sta-
ble position of the implant. This happens be-
cause the implant’s straddling over the IVC
may lead to a right-to-left shunt to the LA. Due
to the difficult visualization of posteroinferi-
or rim with the transesophageal echocardio-
graphic guidance, defect assessment and moni-
toring of the procedure with intracardiac echo-
cardiography is recommended. Since the per-
centage of complications may be significant,
the percutaneous closure of secundum ASD
associated with posteroinferior rim deficien-
cy should rather be avoided.®"*

In the case of a posterior rim deficiency,
the feasibility of percutaneous closure of ASD
IT depends on the extent of the defect. If it reach-
es the border with the IVC, device closure should
be avoided due to the significant risk of embo-
lization. It is extremely important to distin-
guish the deficiency of posteroinferior rim from
the deficiency of posterior rim. While there is
a significant risk of embolization with the de-
vice closure of the former, percutaneous treat-
ment is appropriate for the latter.

The deficient posterosuperior rim rarely ac-
companies ASD. Percutaneous closure of such
defect is feasible, but one should be extreme-
ly careful, because sometimes it is directed to-
wards the deficient retroaortic rim, and this pos-
es a significant risk of atrial wall erosion.

Only secundum ASD should be closed percu-
taneously; however, in recent years, there have
been few reports of transcatheter closure of su-
perior sinus venosus-type ASDs using covered
stents, however such procedure is still contro-
versial. The use of 3-dimensional reconstruction
of the heart with subsequent 3D printing may be
extremely helpful in planning such procedure.®

Some authors believe that finding one de-
ficient rim is generally not a significant prob-
lem if the opposing rim is well developed.®® Al-
though percutaneous closure of ASD II with de-
ficient rims is feasible in many cases, this tech-
nique should not be recommended in most cas-
es except in cases of deficient retroaortic rim.

Short review of the devices available in
Poland Transcatheter occlusion of ASD by
the double umbrella system was first described
by King et al in 19743470 Various devices have
been used in transcatheter occlusion of these de-
fects with different outcomes. The differences in
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TABLE2 Comparison of commonly used devices for atrial septal defect closure available in Poland

Device Company Construction Connection system Available Delivery Number  Comments
sizes system of sizes
Amplatzer Septal ~ Abbott, United  Nitinol double Micro thread 4-33 mm 6-12F 26 -
Occluder States discs
Figulla Flex II Occlutech Nitinol double Unique flexible ball 4-40 mm 7-12F 20 Titanium oxide-
GmbH, discs connection -covered nitinol
Germany wire
Cera, CeraFlex LifeTech Nitinol double Micro thread / 6-42 mm 7-14F 19 Titanium nitride-
Scientific Co, discs premonted flexible -coated nitinol
China connection wire
Cocoon Septal Vascular Nitinol double Micro thread 8-40 mm 7-14F 17 Nitinol wire
Occluder Innovations discs nanocoated with
Co, Thailand platinum
Hyperion Shanghai Nitinol double Micro thread 6-42 mm 8-14F 19 Preoxidized
Shape Memory  discs nitinol wires
Alloy Co, China
MemoPart ASO Lepu Medical Nitinol double Micro thread 6-42 mm 8-14F 26 -
Co, China discs
Nit-Occlud PFM Medica, Double-disc “Snare-like" central 8-30 mm 8-14F 12 1 piece of nitinol
ASD-R Germany “reverse locking wire and wire without any
configuration” a pusher with a distal connecting
of the single- wire noose; elements
-nitinol-layer premonted
on the LA disc
Ultrasept IIASD  Cardia, Nitinol wire frame  Flexible bioptom-like ~ 6-34 mm 9-11F 15 Covered by
Occluder Minneapolis, forms 2 sailswith  connection a polyvinyl
United States a self-centering alcohol
mechanism membrane

Abbreviations: LA, left atrial; others, see FIGURE 1
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results concerned complication types and rates.
Their main problems were low closure efficacy
(residual leaks), unstable device position (mi-
grations), and fracture of its elements. A break-
through came with using nitinol (a superelas-
tic metal alloy of nickel and titanium) to build
the skeleton of the Cardio-SEAL device (a mod-
ification to the Clamshell device). The next al-
teration was using a self-centering device (Star-
-Flex). Thus, transcatheter device retrieval be-
fore its release and reposition of the device be-
come possible.

The perfect ASD closure device should be
the one that completely closes the defect with
the minimal risk of complications, the device
is easily implantable and can be repositioned
and retrieved. As of yet, no device on the mar-
ket meets all of these criteria. Most of cur-
rently available devices show excellent clo-
sure efficacy and quite comparable outcomes;
however, they have their own advantages and
disadvantages.’®

There have been a couple of ASD closure devic-
es available on the Polish market over the past
years (1ABLE2; see Supplementary material for a de-
tailed description).

Potential complications of atrial septal defect
closure A successful closure of ASD is report-
ed in about 98% of patients.”®"#? The prevalence
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of residual shunt is decreasing over time after
the procedure, and it is present in majority of pa-
tients immediately after the implantation. Resid-
ual shunt is present in only 1% and 2% of patients
2 years after ASD closure.”%%283 Total complication
rates vary and they are estimated to be between
2.2% and 8.6%.""34-%¢ Periprocedural death is re-
ported incidentally, mostly secondary to other
procedure-related major complications.

Complications of percutaneous ASD closure
include: device dislodgement, cardiac struc-
ture damage or erosion, device impingement
on valves, veins, or other vessels such as the aor-
ta, new onset atrial arrhythmia, atrioventricu-
lar block, and thromboembolism arising from
thrombosis on the device, air embolism, access-
-site hematoma and bleeding (msL£3). The frequen-
cy of complications depends on the experience
of the center, number of performed procedures,
patient selection, and—less importantly—type
of the implanted device.

Device dislodgement Device dislodgement, with
subsequent embolization, occurs usually within
24 to 48 hours after the procedure with the in-
cidence rate of 0.2% to 1.67%."%%:84.86-8° Howev-
er, it can also occur sporadically within several
months or later after ASD closure.”"®? The most
common reasons for occluder dislodgement are
a thin and aneurysmal septum, an inadequate



TABLE3 Complications of transcatheter closure of atrial septal defect

Incidence, %

Complication

Clinical significance

Management

Device-related cardiac 0.1 Mostly within 24-48 h, * Potentially lethal cardiac * Heparin neutralization
perforation possible late occurrence tamponade « Pericardial effusion drainage
upto3 . icardi s L .
(Upto3y) Hemopericardium « Surgical intervention if required
Cardiac erosion 0.05-0.46 Majority within 96 h, probable  « Potentially lethal cardiac * Pericardiocentesis for pericardial
during the first 6-8 mo, tamponade effusion and tamponade
incidentally up to 9y « Hemopericardium « Surgical intervention
* Aortic fistula
Device embolization 0.2-1.67 Mostly within 24-48 h, Depends on the place of * Anticoagulation
sporadically within several dislodgement « Percutaneous device retrieval
months . L )
* Surgical retrieval if required
Device impingement Extremely Up to several weeks, usually * Severe mitral valve * Replacement of the device with
rare due to device shift or wire regurgitation asmaller device if possible
fracture * Pulmonary edema * Surgical intervention
Device thrombus 1.2 Mostly during 1-6 mo Cardiovascular embolic * Anticoagulation
events « In rare cases, surgical intervention
Atrial tachyarrhythmias ~ 1.3-5 Increased in a periprocedural < Hemodynamic compromise  According to event-specific guidelines
period, subsides over time « Thromboembolic events
* Conduction Below 1 Typically in the first 24 h, or Hemodynamic compromise ¢ In case of durable advanced block,
abnormalities hours and days later, then device removal (early phase)
+ Advanced heart block resolve over time + Pacemaker placement if late-onset
advanced heart block
* Access-site 1-3 Up to 24 h after the procedure  Anemia, local pain Usually conservative
complications
* Groin hematoma,
bleeding
Nickel allergy Unknown 24h-1mo Headache, rash/ urticaria, Medical therapy with steroids,

fewer, palpitations, difficulty

breathing

antiallergic agents, in rare cases,
device explanation

or floppy rim, ellipsoidal shape of the defect,
greater defect size (>30 mm), device mobility
postimplantation, and operator-related tech-
nical issues, especially the use of an undersized
ASD device.”’ The most of dislodgements take
place into the main pulmonary artery, LA or
RA, ascending aorta, and RV; however, devices
can be located also at the LV, descending aor-
ta, abdominal aorta, iliac bifurcation, and iliac
arteries.???%? To prevent device embolization,
it seems reasonable to use a device 1 to 2 mm
greater than a “stretched diameter” of the de-
fect. To prevent embolization of the occluder,
it is very important to ensure a proper and sta-
ble position of the device by the so-called push-
pull maneuverer (Minnesota maneuver) before
device detachment. However, if the device dis-
lodges (especially to the atria, pulmonary ar-
tery, or aorta), endovascular retrieval is pos-
sible with a goose neck snare or loop snare, bi-
opsy forceps, or other retrieval-dedicated de-
vices. A sheath size at least 2 to 4 F larger than
the sheath that was used to deliver the device
should be used. In an Amplatzer or Amplatzer-
-like device, pulling out is usually feasible by
grabbing a female screw site of the right atrial
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disc.”” The primary objective is to bring the de-
vice out of the heart into the IVC and then out
from the body through the femoral vein. A large
stiff-tip braided sheath works best.’? A second
venous access may be used to hold the device be-
fore snaring the occluder. If the device is in one
of the ventricles, especially trapped in the chor-
da, retrieval may be difficult and it is reason-
able to refer the patient to surgery, where both
device retrieval and the defect closure could be
performed.”? According to available data, surgi-
cal intervention is required in about one-fourth
of device embolization cases.®’ It should be em-
phasized that all operators who perform percu-
taneous ASD closure should be prepared for per-
cutaneous device retrieval in the event of de-
vice embolization.®®

Cardiac perforation and erosion Cardiac perfo-
ration, which is mostly a catheter-related in-
jury during the procedure, is a very rare com-
plication (0.1%) manifesting usually as cardi-
ac tamponade.® It requires immediate heparin
neutralization and decompression by pericar-
dial puncture. If intrapericardial bleeding per-
sists, surgical intervention is required. Small,
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negligible pericardial effusion is sometimes vis-
ible during or after the procedure, especially in
prolonged implantations. The mechanism is un-
known and a complete resolution of the effusion
is observed within 3 weeks.”

Cardiac erosion seems to be a complication
that is Amplatzer-device specific following
transcatheter closure of ASD. The rates of ero-
sion ranged from 0.05% to 0.46%.%%¢-88 Cardiac
erosions might appear in less than 24 hours after
the device implantation; however, most of them
appeared within 6 months but they could be ob-
served as late as even 9 years after the procedure.
Cardiac erosion could lead to cardiac tampon-
ade or aortic fistula. It was observed that 90% of
patients with erosions had deficient aortic rims.
The motions of the device relative to the aortic
root were the main possible mechanisms of car-
diac erosion. Avoiding oversized devices seems
to be a crucial factor to prevent cardiac erosions
after defect closure.?8:92.%

Airembolism Air embolism may be responsible
for transient electrocardiogram changes, includ-
ing ST segment depression or ST segment eleva-
tion, sometimes accompanied by chest pain and
rhythm disturbances. Usually, it is transient and
do not require intervention. In very rare cases
with persistent ST elevation, coronary angiog-
raphy may be necessary. Prevention of air em-
bolism requires multiple careful saline flushes
of the device, the loading system, and the deliv-
ery sheath 66889

Device impingement Device impingement on

valves, veins, or other vessels should be avoid-
ed by careful attentive inspection by TEE during

the implantation.”"®® In patients with atrioven-
tricular valve rim deficiency, the edge of the de-
vice may interfere with the anterior mitral valve

leaflet and result in mitral regurgitation. In case

of the impingement with cardiac structures, re-
position of the device may be helpful or the ex-
change to a smaller device size (if the size of
the defect allows it), otherwise surgical ASD clo-
sure should be considered.?8%

Arrhythmias and conduction abnormalities
The reported complications from device closure
of ASD include development of atrial tachyar-
rhythmias or advanced atrioventricular (AV)
block. Atrial arrhythmias including extrasys-
tole, supraventricular tachycardia, atrial flut-
ter, or atrial fibrillation may occur in up to 5%
of procedures.®®°>°° In majority of cases, they
are transient and do not require treatment. In
supraventricular tachycardia, atrial flutter, or
fibrillation, routine management according to
guidelines is recommended.

Advanced or complete AV block can occur
sporadically (below 1%) as early as at the time of
the procedure and device deployment or hours,
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days, or even years later.®6-8392°¢ Rigk factors in-
clude young age and large defect/ device size.
Generally, it is believed to be caused by com-
pression of the AV node or inflammatory reac-
tion to a foreign body and scarring at the lev-
el of the triangle of Koch caused by the device.

Most of the atrioventricular blocks are tran-
sient. There were attempts to treat with cortico-
steroid but there are no controlled trials for AV
block caused by device implantation.’? Durable
or late-onset complete AV blocks require pace-
maker implantation.®

Thrombus on the device Studies showed that

the incidence of thrombus on the device is about

1.2%.”” However, significant differences were not-
ed between different device types. Older genera-
tion devices (Amplatzer septal occluder, Starflex,
Cardioseal) have higher incidence of thrombus

formation as compared with more recent devic-
es.” The lowest rate of thrombus was reported

with the Amplatzer nitinol wire frame filled with

polyester fabric and the Helex nitinol wire cov-
ered by an ultra-thin membrane of expanded

polytetrafluoroethylene.” Significant risk factors

for thrombus formation were atrial fibrillation

and atrial septal aneurysm, which had remained

after device closure. In most patients, the throm-
bus resolved after medical therapy with hepa-
rin or oral anticoagulants without adverse isch-
emic events.?*# Only few cases required sur-
gical removal of thrombus.®®** Although anti-
platelet therapy has been recommended for 3 to

6 months after the procedure, the time frame of
thrombus formation ranged from 4 weeks to 7
years after implantation. Early neurological com-
plications after transcatheter ASD closure can

be resolved by heparin infusion.’® Late incom-
plete endothelization of the device with subse-
quent clinical consequences is also possible.*

Nickel allergy Nickel is a contact allergen,
and an allergic reaction may occur in case of
implantation of a nitinol-containing device.
The frequency is not known; however, women
present more often. The reaction occurs from
2 days to 1 month after the implantation and
manifests as headaches, rash /urticaria, diffi-
culty breathing, fewer, palpitations, and rarely
pericardial effusion.®®°%'% Fortunately, all pa-
tients respond to medical management by ste-
roids and antiallergenic agents'®'"" and symp-
toms subside in a few months. In rare cases,
if medical management is ineffective, the de-
vice should be explanted.?®'°%1"" A nickel skin
test is available and may be performed in pa-
tients with allergy or those “suspected.””* In
case of allergy, platinum-coated device may
be considered.

Access-site related complications Final, yet
equally important, complications are groin



hematoma and bleeding episodes following ASD
closure. Groin hematoma is reported in up to
5% of patients, more frequently in women. It
can be avoided by the “Z-shaped” suture tech-
nique of the skin, followed by prolonged local
compression on the groin. In cases, of severe
bleeding episodes, treatment should be applied
in accordance to the guidelines on the manage-
ment of patients referred to invasive cardiolo-
gy procedures.

The most frequently used occluder in ASD clo-
sure is Amplatzer device. In recent years, sever-
al Amplatzer-like occluders have been registered
and introduced into practice. Recent evaluation
of 3 devices (Amplatzer, Figulla, Cera) showed
no significant differences in efficacy and safe-
ty in short and mid-term follow up.'”? Also oth-
er Chinese and Thai nitinol occluders seem to
be effective.”>7*

Percutaneous closure of atrial septal defect
in children: procedure details Atrial sep-
tal defect leads to volume overload of the right
chambers of the heart and an increased Qp.
These changes proceed gradually, making it
possible to postpone the decision to operate
and choose when best to do it (usually when
the child is 3-4 years old). Sometimes, however,
the symptoms of the defect appear faster, are
more severe, and the degree of hemodynamic
disturbances justifies operating sooner. Atri-
al septal defects can change as children grow.
Small ASDs can close spontaneously. The main
predictor of spontaneous closure is the initial
ASD diameter of less than 8 mm.'"® On the oth-
er hand, the defects can also increase in size
as the child grows. McMahon et al'" reported
a 50% increase in size of ASDs in two-thirds of
patients. In some patients the rate of the size
increase amounted to up to 0.8 mm per year.'

It is of extreme importance to monitor
the changes in defect size and its hemodynam-
ic consequences. Choosing the best time of qual-
ification for ASD closure is of particular signif-
icance. Treating defects that are not increasing
in size as the child grows may be postponed. As
time passes, the hemodynamic and anatomi-
cal situation becomes increasingly favorable
for the safety of the procedure. The decision to
close an ASD that increases in size as the child
grows should be made without a delay. Post-
poning the decision may cause an increase in
the ratio of ASD size to child body mass. This
in turn may make percutaneous procedure im-
possible. Apart from shortening the heart’s ex-
position to adverse hemodynamic conditions,
the additional benefit of deciding on the proce-
dure sooner is the use of a smaller closure de-
vice. The eligibility criteria for ASD treatment
in young children are difficult and unclear. It is
not fully known when treatment is necessary
and what its benefits are.
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In the pediatric population, the size of
the defect should be assessed in relation to pa-
tient’s body mass when considering the prob-
ability of successful device closure. A defect
that can easily be closed percutaneously in
an adult may disqualify a child from this treat-
ment method due to small heart size (especial-
ly the interatrial septum) and the proximity of
the surrounding structures. Petit et al'® dem-
onstrated that good outcomes are obtained in
patients with a ratio of defect to body mass of
less than 1.2. However, closure of much larg-
er defects where the ratio was equal to 2.3 was
also shown to be possible.!’

There is a natural tendency toward closing
ASDs in more challenging clinical scenarios and
larger defects in smaller patients. Lim et al'”
conducted an effective percutaneous ASD clo-
sure in a 2.8-kg preterm newborn."” There are
numerous accounts of ASD closure in infants
and very small children. Although percutane-
ous ASD closure is feasible even in very small
infants, it requires extensive experience from
the interventional team (especially in case of
low body mass or large defects)."”® Treatment
of large ASDs in small children has a relatively
low procedural success rate and carries a signif-
icant risk of procedural and delayed complica-
tions.'”""" Percutaneous defect closure in chil-
dren is difficult because of the small blood vessel
diameter that complicates the procedure. Devic-
es with the smallest size of delivery systems are
therefore preferred, as they minimize the risk of
damage to the vessels.

Before a small child qualifies for treatment,
all risks and benefits must be evaluated. A good
echocardiographic visualization of children
makes it possible to conduct the procedure un-
der TTE control without the need for TEE. For
obvious reasons, however, the procedure always
requires general anesthesia.

After closing the defect with the device,
the size of the enlarged right heart chamber
normalizes quickly. As the child grows, there
is no problem with the development of heart
structures, interatrial septum included. Though
the septum is stiffened at the implantation place,
it retains its potential to grow in the part not
covered by the device.

Long-term follow-up observations of chil-
dren post percutaneous ASD closure show no
difference in the type and number of long-term
complications in comparison with the general
population.'?

Follow-up recommendations After percuta-
neous ASD closure, TTE should be performed
at 24 hours after implantation to ensure that
there is no significant pericardial effusion."*
Chest pain or syncope may suggest device ero-
sion or migration and should be evaluated with-
out a delay.”" After percutaneous defect closure,
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early (1-3 months) and intermediate (1 year)
follow-up is recommended with echocardiog-
raphy. Periodic follow-up is required thereafter,
every 2 to 4 years."'""""? Follow-up evaluation
should include TTE with the assessment of a po-
tential residual shunts, RV size and function,
tricuspid regurgitation, and PAP.”/"3-15 Patients
with residual shunt, elevated PAP or arrhyth-
mias and those repaired at adult age (particu-
larly >40 years) should be followed on a regu-
lar basis, preferably in specialized centers.""®'"

After percutaneous ASD closure, careful as-
sessment of arrhythmias by history, ECG, and
if necessary, Holter monitoring should be per-
formed."*'"” Among late post-operative arrhyth-
mias after ASD closure in the younger popula-
tion (age <40 years) the most frequent are intra-
-atrial re-entrant tachycardia or atrial flutter,
which can be successfully treated with radiofre-
quency ablation. In the older adult population
(age >40 years), atrial fibrillation becomes more
common and may require antiarrhythmic ther-
apy or ablation. Access to the LA may be, howev-
er, restricted after device closure. Patients with
atrial fibrillation should receive oral anticoagu-
lation. Sick sinus syndrome or heart blocks are
less common, but can appear even up to 4 years
after implantation."*%3?

Patients successfully repaired under the age
of 25 years (no residual shunt, normal PAP, nor-
mal RV, no arrhythmias) do not require regu-
lar follow-up."***'" However, they should be in-
formed about the possible late occurrence of
tachyarrhythmias.

Medical therapy Dual antiplatelet therapy with
acetylsalicylic acid and clopidogrel is recom-
mended for atleast 3 months with a single anti-
platelet drug until at least 6 months after trans-
catheter closure of ASD."261?

Infective endocarditis prophylaxis Infective
endocarditis prophylaxis is recommended for
6 months after ASD device closure."* """ In-
fective endocarditis can be diagnosed in case
of incomplete endothelization even late in
follow up.”

Exercise/sport There are no contraindications
or restriction to any kind of sports in asymp-
tomatic patients with ASD without PH, sig-
nificant arrhythmias, or RV dysfunction. Pa-
tients with PH should limit low-intensity rec-
reational sports. In the case of arrhythmias
during physical exercise, the intensity of ef-
fort should be limited to the level that does not
cause symptoms.'”

Pregnancy and contraception In ASD patients
without PH, pregnancy-related risk is low. Clo-
sure of ASD performed before pregnancy may
prevent worsening of patients clinical status and
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help to avoid paradoxical embolism. Pregnancy
is contraindicated in patients with severe PH or
Eisenmenger syndrome."*'20 The recurrence rate
of congenital heart diseases is 3% to 10% (ex-
cluding familial ASD and heart-hand syndromes
with autosomal dominant inheritance).'’ There
are no contraindications to any type of contra-
ception in patients with ASD.""%120

Recommendations for training physicians to
perform atrial septal defect closure To en-
sure optimal results, ASD closure should be
performed in experienced centers that rou-
tinely perform other structural heart inter-
ventions, as it was advocated in previously
published PFO guidelines of the same group.”!
Data from numerous registries regarding ASD
and PFO closure procedures show that both
individual operators and centers with a small
number of procedures performed annually
have worse treatment results.'”? Trainee op-
erators should have the theoretical knowl-
edge and technical skills required to safely
perform this procedure to ensure a low num-
ber of complications.

The group of experts from the Association of
Cardiovascular Interventions and the Grown-
-Up Congenital Heart Disease Section of
the Polish Cardiac Society recommends that
the training physician should acquire theoret-
ical knowledge regarding the indications for
procedure, patient preparation, practical ex-
perience with the equipment, proper selection
of the device size, conduction of the procedure,
and peri- and postprocedural pharmacotherapy.
It is also necessary to learn about the possible
complications of the procedure, their preven-
tion, and treatment. After theoretical and prac-
tical training in a center with extensive experi-
ence (at least 3 sessions), the training operator
should perform a minimum of 20 ASD closure
procedures independently but under the super-
vision of an experienced operator (proctor).'3'2
However, based on experts’ opinion, the pres-
ence of cardiac surgery on-site is not required
in centers which intend to start ASD/PFO clo-

sure procedures program.
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