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Atrial Septal Defects
and Patent Foramen Ovale:
Current Data Update

Primary clinical manifestations associated with PFO and ASD and their therapeutic implications.
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atent foramen ovale (PFO) and atrial septal defects

(ASDs) represent the most common and second

most common congenital heart abnormalities, with

a prevalence of 25% to 30% in the general population
and 1.65 per 1,000 live births, respectively.! The prevalence
of PFO is 15% to 35% via autopsy and 15% to 25% in echo-
cardiographic studies, with a tendency to decrease with
aging? The most common ASDs are isolated secundum
ASD, which accounts for 7% of all congenital heart defects;
they are generally sporadic, although sometimes are associ-
ated with a few genetic mutations and genetic syndromes
(ie, Down syndrome, Noonan syndrome).? This article
reviews the clinical manifestations of PFO and ASDs and
their therapeutic implications (Table 1).

EMBRYOLOGY

During fetal growth, the primitive atria are separated by
the septum primum, which develops from the atrial roof
and presents a small inferior opening called the ostium
primum. As the septum primum grows, the ostium pri-

mum starts to shrink, but before its complete closure, the
ostium secundum forms in the ostium primum toward
the roof of the atria, allowing the physiologic fetal right-
to-left shunt to be maintained." An infolding of the right
atrial roof (previously the septum secundum) forms

the roof of the ostium secundum. A tunnel-like passage
formed by the septum secundum and ostium secundum,
the so-called foramen ovale, allows the passage of blood.
At birth, the increase in left atrial pressure due to respira-
tion forces the septum primum against the septum secun-
dum, functionally closing the foramen ovale; these two
membranes will eventually close with time. If adhesion is
incomplete, a PFO will remain.’

PFO
Physiopathology

A PFO is a tunnel-like passageway between the septum
primum and septum secundum that allows a physiologic
right-to-left shunt during fetal life and closes at birth in 70%
to 75% of cases when left atrial pressure increases above

TABLE 1. COMPARISON OF PFO AND ASDs

Anatomy Tunnel-like passageway between the Hole in the atrial septum caused by congenital failure in overlap
septum primum and septum secundum between the septum primum and secundum

Epidemiology 15%-35% of the general population 0.88/1,000 live births

Physiopathology Right-to-left shunt when right atrial Continuous left-to-right shunt (it can be reversed in later stages)
pressure exceeds left atrial pressure
(ie, Valsalva maneuver)

Manifestations Generally, no clinical consequences; may | Volume loading of the right heart leading to right ventricular
cause paradoxical embolism dilation, exertional dyspnea, arrhythmias, and paradoxical embolism

Therapy PFO closure when there is high probability | Transcatheter closure in those with right ventricle overload and
of PFO-related paradoxical embolism; other- | no pulmonary hypertension, when feasible; surgical closure in
wise, no therapy is necessary remaining cases

Abbreviations: ASD, atrial septal defect; PFO, patent foramen ovale.
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right atrial pressure.> However, anatomic closure does not
occur in the 25% to 30% of cases, allowing a right-to-left
shunt when right atrial pressure exceeds left atrial pres-
sure (ie, Valsalva maneuver). As a result, thrombi, air, or
vasoactive peptides may cross through the PFO from the
pulmonary to systemic circulation, a phenomenon known
as paradoxical embolism, which is associated with differ-
ent clinical manifestations.> In most cases, PFO remains
undetected or appears as an incidental finding during car-
diac investigations in otherwise asymptomatic patients.

Clinical Manifestations

Cryptogenic stroke (CS) is defined as a cerebral isch-
emic event that is not caused by atherosclerotic disease,
atrial fibrillation (AF), small artery disease, or intracerebral
pathologies despite extensive vascular, serologic, and cardiac
evaluation. CS represents 40% of stroke diagnoses.® The
suspected mechanism of PFO-related CS is the translocation
of venous thrombi to the arterial circulation at the moment
when the PFO is opened (leading to embolic stroke) during
rapid rise and fall in right atrial pressure (for instance, during
the Valsalva maneuver).> Deep vein thrombosis and throm-
bophilia may facilitate paradoxical embolization. Systemic
embolization to the myocardium, gut, limbs, and coronary
arteries has also been described?

There is a bidirectional association between PFO and
migraine. PFO-related migraine is most likely caused by sys-
temic embolization of vasoactive neurotransmitters without
filtration in the pulmonary circulation.”

Decompression sickness (DCS) typically occurs in divers
and high-altitude pilots when gas bubbles enter systemic
circulation bypassing the pulmonary circulation, thus pro-
voking vessel occlusion. Fatigue, dizziness, confusion, motor
incoordination, and paralysis are the main symptoms2

Platypnea-orthodeoxia syndrome (POS) is characterized
by positional dyspnea and arterial desaturation worsening
when sitting or standing and improving while in the supine
position. Concomitant changes in thoracic anatomy (ie,
chest surgery, aortic dilation) facilitate a blood shunt from
the inferior vena cava to the systemic circulation.’

Diagnosis and Indications for PFO Closure

The diagnosis of PFO is made using a combination of
techniques and is required only to make a treatment deci-
sion.'® At present, the precise diagnosis of PFO is based on
the use of different diagnostic modalities, as no technique is
considered a gold standard.™® Contrast-enhanced transcrani-
al Doppler is a sensitive method to detect right-to-left shunt
during the Valsalva maneuver, although the exact location
of the shunt is unknown. Contrast-enhanced transesopha-
geal echocardiography (TEE) provides direct visualization
of the PFO-related shunt and other structures (ie, the inter-
atrial septum).’o

Given the high prevalence of PFO in the general popu-
lation, transcatheter PFO closure should be reserved for
patients with a high probability of a PFO-related embolic
event, whereas medical therapy should be considered if
the probability is low.™ The Risk of Paradoxical Embolism
(RoPE) score classifies the relationship between CS and PFO,
but it still needs external validation and does not include
some variables that have been associated with higher recur-
rence rate (ie, atrial septal aneurysms [ASAs], PFO dimen-
sion, coagulation disorders) and a higher risk of CS (ASA,
PFO dimension, embryonic residues, shunt severity).'%'2

Other potential causes of an ischemic event should
be excluded before proceeding to intervention. Carotid
ultrasound should exclude significant plaque disease, while
thrombophilia testing may be considered based on clinical
suspicion.’ Brain imaging (MR, CT) is pivotal to correctly
identify treatable patients, confirm the presence of ischemic
lesions, and exclude nonembolic causes of ischemic stroke;
cortical and subcortical lesions are associated with cardio-
embolic emboli, while multiple lesions involving a single vas-
cular territory are suggestive of large artery atherosclerosis."

Identification of AF is extremely important, as it may
cause both systemic embolism and recurrences caused by
left atrial appendage thrombus rather than paradoxical
embolism. A routine 12-lead electrocardiogram (ECG) and,
in selected patients, inpatient cardiac telemetry or 24-hour
Holter ECG are generally sufficient to exclude AF-related
ischemic events.'® However, in high-risk patients for AF, an
insertable cardiac monitor may be reasonable to rule out AF
before deciding on PFO closure.™

There are no studies comparing PFO closure to behavioral
prevention of DCS. In general, patients with DCS should
be considered for intervention when the probability of
causal PFO is high, they are not willing to stop the activity
responsible for DCS, and when behavioral prevention is not
feasible.”

Patients affected by migraine with aura could be con-
sidered for PFO closure for compassionate use when they
are dissatisfied with medical therapy or when refractory to
maximal medical therapy.™

Device Overview and PFO Closure Outcomes

Various devices with different shapes and sizes are cur-
rently available for PFO closure (Table 2). Most consist of
a double disc connected by a short waist. The Amplatzer
PFO occluder (Abbott) and the Gore Cardioform sep-
tal occluder (Gore & Associates) are the most adopted
devices in PFO trials, and they are the only FDA-approved
devices in the United States. In Europe, different devices
are used for PFO closure.' Device size and choice are
guided by anatomic features of the PFO (eg, ASA, Chiari
network, tunnel-like PFO) and clinical factors such as
contraindication to antiplatelet therapy or nickel allergy.'
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A PFO-suture device (NobleStitch EL, HeartStitch) can
also be used in favorable anatomies.™

Studies and a meta-analysis have highlighted that
PFO closure plus antiplatelet therapy confers substantial
reduction in stroke recurrence compared with antiplate-
let therapy alone, at the cost of a modest increase in the
risk of AF and atrial flutter.”-?° The earliest PFO trials
(CLOSURE |, PC trial, RESPECT) did not demonstrate
superiority of closure compared with medical therapy.
These studies were underpowered, as the expected recur-
rent stroke rate was overestimated, and had a high cross-
over between groups.” However, a meta-analysis of these
studies showed superiority of PFO closure over medical
therapy for secondary prevention of stroke.?' On the
contrary, the most recent PFO trials (long-term results
of RESPECT, REDUCE, and CLOSE) showed superiority of
PFO closure over medical therapy.??

After PFO closure, dual antiplatelet therapy with aspirin
(100 mg/daily) plus clopidogrel (75 mg/daily) is recom-
mended for at least 1 to 6 months, followed by single
antiplatelet therapy for at least 5 years.'®?2 The incidence
of new-onset postprocedural AF is low, with an incidence
rate of 0.013 person-years.23 A network meta-analysis
showed that considering serious AF (risky clinical condi-
tion), correctly selected patients gain more advantages in
being treated.?

Medical Therapy

For patients in whom medical therapy is chosen, a vari-
ety of treatments are available, although no specific trial has
assessed the optimal medical treatment for PFO-associated
cerebrovascular events.'® Different studies highlight the
superiority of oral anticoagulation versus antiplatelet
agents, but the benefits should be weighed against bleeding
risk, with anticoagulation with vitamin-K antagonists pre-
ferred in those with low bleeding risk and good therapeutic
compliance. At present, no data are available for medical
therapy with direct oral anticoagulants.

ASDs
Definition, Types, and Physiopathology

ASD is a direct communication between the two atria
that allows shunting of blood between the pulmonary
and systemic circulation. Depending on its location, four
types of ASD can be distinguished?*:

« Ostium secundum defects: the most common type of
ASD, accounting for 80% of ASDs, which are character-
ized by a communication between the two atria at the
level of the fossa ovalis

« Ostium primum defects: these account for 10% of
ASDs, arising from a deficiency of tissue at the level of
the atrioventricular valves

« Sinus venosus defects: generally involve the superior
portion of the embryologic sinus venosus and are
associated with partial anomalous pulmonary venous
return

« Coronary sinus defects: holes involving the coronary
sinus’

ASDs cause continuous left-to-right shunt, the mag-

nitude of which is determined by the size of the defect

and relative atrial pressures. Significant shunts cause right
ventricular (RV) volume overload and pulmonary overcir-
culation, whereas smaller shunts do not result in significant
volume overload?® Long-standing and significant shunts
result in right-sided volume enlargement and right-sided
heart failure between the fourth and fifth decade of life,
atrial arrhythmias, and pulmonary hypertension (PH).
Ultimately, Eisenmenger syndrome and right-to-left shunt
may develop, which are contraindications to ASD closure.26

Clinical Manifestations and Diagnosis

Smaller ASDs may remain asymptomatic lifelong, while
significant shunts may be asymptomatic during child-
hood and adolescence but become symptomatic during
adulthood (usually from the third to fourth decade).
Symptoms include palpitations due to arrhythmias, exer-
tional dyspnea due to PH, fatigue, and syncope.® Rarely,
larger defects may cause manifestations during childhood
such as failure to thrive, tachypnea, heart failure, and
respiratory failure.2® Paradoxical embolism and POS may
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Abbott Vascular | Amplatzer PFO | Recapturable and Nitinol frame with 18 (18/18); 8 F DEFENSE-PFO,
occluder repositionable polyester covering 25 (25/18); 8 F PC trial,
double-disc device 30 (30/30); 9 F PREMIUM, PRIMA,
35 (35/25); 9 RESPECT
Gore & Associates | Gore Cardioform | Recapturable, Minimal nitinol frame | 20 (20/20); 10 REDUCE
septal occluder | repositionable, and | with ePTFE membrane | 25 (25/25); 10
soft double-disc 30 (30/30); 1
device
Lifetech Scientific | CeraFlex PFO Self-expandable Titanium nitride- (18/18); 9 F -
occluder double-disc device | coated metallic frame | (25/18),10 F
(25/25); 10 F
(30/25); 12 F
(30/30); 12 F
(35/25); 14 F
Occlutech Figulla Flex Il Self-expandable Nitinol frame with (16/18); 7 F -
International AB double-disc device | polyester covering (23/25); 9
(27/30); 9
(31/35); 1 F
HeartStitch NobleStitch EL | Suture Polypropylene suture | NA; 12 F -
P, NobleStitch
EL S, KwiKnot
Cardia, Inc. Ultrasept PFO | Retrievable double | Ivalon discs supported | 20; 10 F -
occluder disc device by nitinol frame 2510 F
30, MF
35 1F
Abbreviations: ePTFE, expanded polytetrafluoroethylene; NA, not applicable; PFO, patent foramen ovale.

be clinical manifestations.”” A murmur in the pulmonary
area and complete or incomplete right bundle branch
block, right axis deviation, and signs of RV enlargement
may represent incidental clinical and electrocardiographic
findings, respectively.”> An increase in pulmonary vascu-
larity may appear on chest x-ray.?®

Imaging is required to confirm the diagnosis of ASD
and its hemodynamic consequences. Transthoracic
echocardiography is the first-line diagnostic technique
because it allows evaluation of RV function and the size
of atria and ventricles, estimation of pulmonary artery
pressure (PAP), and, in those with optimal acoustic win-
dows, direct visualization of the interatrial septum and
the interatrial shunt.?” The use of agitated saline solu-
tion may be very helpful in more complex cases, while
TEE is generally necessary to directly examine the inter-
atrial septum and evaluate the size and location of the
ASD.? Cardiac MR is rarely required for the evaluation
of RV size and function, quantification of pulmonary to
systemic flow ratio (ie, Qp/Qs), and pulmonary venous
connection, while cardiac catheterization is required to

evaluate pulmonary vascular resistance (PVR) in patients
with increased PAPs.2®

Indications and Outcomes for ASD Closure

Percutaneous ASD closure is indicated in patients with
evidence of RV volume overload and no PH or left ven-
tricular disease and should be considered in patients with a
high suspicion of ASD-related paradoxical embolism.? ASD
closure is not recommended in the presence of Eisenmenger
physiology, PH, or desaturation on exercise.”® Transcatheter
ASD closure is the therapy of choice when technically feasi-
ble; surgical repair with autologous pericardium or synthetic
material has good long-term results and low mortality.?®

Sinus venosus type and primus type represent contrain-
dication to percutaneous closure due to insufficient rim to
support device implantation.** Outcome is best when repair
is undertaken at age < 25 years. Calculation of PVR is man-
datory in those with PH, as patients with PVR > 5 Woods
units are unlikely to improve.?®

TEE and intracardiac echocardiography, together with
fluoroscopy, represent the main intraoperative imaging
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methods to guide percutaneous ASD closure, allowing
the selection of the correct dimension of the device.'
Three-dimensional echocardiography improves the evalu-
ation of ASD location, dimensions, and spatial relation-
ships to surrounding structures.3? After ASD closure, the
prevalence of PH and mean PAPs tend to decrease irre-
spective of age.33

Transcatheter procedures have long-term success in
adults,>* where the successful device implantation rate
reaches 98.7% and device embolization, atrioventricular
block, cardiac perforations and erosions, and thrombo-
embolism represent the main complications.*® Regular
follow-up, with evaluation of residual shunt, RV size and
function, and PAPs, is required for those undergoing
repair at age > 25 years, while patients aged < 25 years do
not require regular follow-up.?®

CONCLUSION

Transcatheter PFO closure is a safe and feasible pro-
cedure that should be reserved for young patients (aged
18-60 years) with a high probability of PFO-related paradoxi-
cal embolism after the exclusion of other possible causes of
ischemic stroke, as it may represent an incidental finding
considering the high prevalence of PFO.'® The most recent
PFO trials showed superiority of PFO closure over medical
therapy.?? A multimodality imaging approach is generally
necessary for appropriate patient selection for closure. The
optimal antithrombotic therapy after percutaneous PFO
closure remains uncertain. Aspirin plus clopidogrel is gener-
ally given for 6 months, followed by single antithrombotic
therapy, usually aspirin, for 2 to 5 years." Medical treatment
could represent an alternative, but data on optimal anti-
thrombotic or anticoagulant regimens are lacking.'

ASDs are among the most common congenital heart
abnormality and can manifest through a wide clinical
spectrum. Sometimes they are an incidental finding in
otherwise asymptomatic patients with preserved RV func-
tion or they can cause significant RV heart failure and PH.3
Percutaneous closure represents an effective therapeutic
approach with very low morbidity and mortality, and a
surgical approach can be considered if a transcatheter
approach is not feasible.® m
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