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Abstract

Patent Foramen Ovale (PFO) is a remnant of fetal circulation that could be observed in the 25%
of the population worldwide. PFO is associated to numerous clinical conditions as migraines,
coronary embolization, transient ischemic attacks, and stroke. The main PFO concerns are related
to its correlation to stroke, in particular in young adults. Despite the impact on morbidity that PFO
could have, to date there is not clear evidence about its management and treatment. In this narrative
review our aim is to summarize the more recent evidence in the literature dealing with PFO, in

order to provide an updated overview on this topic.
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1. Introduction

Patent foramen ovale (PFO) is an interatrial communication essential during fetal life allowing
oxygenated blood deriving from inferior vena cava to pass from right atrium to left atrium [1].
Foramen ovale usually closes spontaneously after birth with the fusion of septum primum and
septum secundum but in a variable percentage of individuals there is a failure of the closure of
antenatal interatrial communication resulting in a simple overlap of septum primum and septum
secundum and the principle cause of right-to-left shunt (RLS) in adults [2]. Nonetheless, functional
closure is usually guaranteed by the elevated pressure in left atrium in comparison to the right
atrium.

PFO prevalence is of 26%-35% in adult individual in autopsies series range with a median of 26%
[3]. Thus, it is estimated that 2 billion people live with persistent RLS worldwide [4]. PFO is
associated to numerous clinical conditions as migraines, coronary embolization, transient ischemic
attack (TIA) and stroke [5, 6]. PFO concerns are about its correlation to stroke. Inter alia, 10% of
strokes occurs in people aged between 18 and 60 years. From 1990 prevalence of stroke in young
is increased of >20% and the rate incidence of >15% [2]. It is estimated that approximately 25%
of strokes are cryptogenic [7] while 16% are identified as stroke of undetermined cause [8]. In
particular, 25% of patients with stroke of undetermined cause have PFO. PFO is implicated in 4%
of ischemic strokes [9]. In fact, PFO and carotid dissection are the two most frequent cause of
stroke in young adults [10]. Thus, in case of patients with stroke and diagnosis of PFO it is more
appropriate to define it as PFO-associated stroke. This new classification has been proposed by
Elgendy and colleagues and refers to ischemic stroke with evidence of superficial, large deep, or
retinal infarcts in the presence of a medium-risk to high-risk PFO absence of other plausible stroke

causes [11].

2. Diagnosis
PFO diagnosis is based on the direct visualization of the interatrial defect through imaging

techniques: transesophageal echo (TEE), transthoracic echo (TTE), intracardiac echo (ICE) [12].
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As an alternative, diagnosis could be made by indirect visualization of the defect by individuation
of RLS through transcranial Doppler (TCD). The ideal method to diagnose PFO is the
catheterization: visualize the guidewire passing through the interatrial defect is the best prove of
PFO presence. Nevertheless, due to the invasivity of that procedure, TEE is considered the gold
standard [13].

2.1 TEE

TEE has showed to provide more information about the characteristic of several cardiac structures
and abnormalities, included PFO[14]. TEE allows the identification of PFO and the evaluation of
its sizing, tunnel length and characteristic. Moreover, it is possible to differentiate accurately
between intracardiac and intrapulmonary shunt [15]. Saline solution with microbubbles is used
and injected through an antecubital vein. The documented passage of microbubbles through the
PFO is sufficient to make diagnosis. TEE has a sensitivity of 89%. This is probably due to the
patient difficulty to collaborate to increase right atrial pressure with a Valsalva maneuver to

facilitate RLS increasing right atrial pressure during TEE [2].

22 TTE

To diagnose PFO with TTE is used a four chamber or subcostal window and the saline solution
with microbubbles. The ideal is to perform five injections at rest and after early and late Valsalva
maneuver and coughing. The patient is invited to collaborate. The visualization of microbubbles
passage from right atrium to left atrium define PFO. By convention, if the passage is visualized
into 3 cardiac cycles is considered to be due to an intracardiac shunt and after 3 cardiac cycles is
considered intrapulmonary shunt. To grade the PFO is necessary the number of bubbles. It is
considered: small, if a passage of 10 or less bubbles is observed; moderate, if a passage from 10
to 20 is observed; large, if more than 20 bubbles or an intense opacification are observed [16].
Currently, TTE sensitivity is above 80% [17].

2.3TCD

TCD is a valid method to diagnose PFO. TCD has demonstrated to detect RLS with a sensitivity
of 97% and a specificity of 93% when compared with TEE [13]. Nonetheless, it makes impossible
to distinguish among an intracardiac shunt and a pulmonary shunt [6]. TCD consents to grade the

RLS basing on microembolic signal. In particular we can distinguish: no shunt, when no
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microbubbles are detected; low-grade shunt, when 1 to 10 bubbles are detected; moderate-grade
shunt, when 11 to 25 bubbles are detected; high-grade shunt, when more than 25 bubbles are
detected. When numerous bubbles are detected and it is not possible to count them, it is defined as
“curtain effect” [18]. The curtain effect is related to higher risk of cerebrovascular event [19].

2.4 ICE

ICE is an invasive technique that provide detailed visualization of intracardiac structures. ICE has
a resolution similar to TEE. The injection of saline solution with microbubbles is made through a
venous femoral access. High quality images are obtained [12]. It has been discussed that the
inferior cava flow is the principal responsible of the transport of embolic material that could lead
to clinical conditions related to PFO, such as stroke. Arm injection has been reported to
underestimate (up to 46%) the PFO shunt, leading to a misdiagnosed large RLS [12]; nonetheless,
is considered a valid technique during intraprocedural PFO closure.

3. Associated clinical conditions

PFO it is not a pathological condition itself [20]. Its morbidity is related to clinical manifestation
that could be associated. For example, risk factors or clinical conditions predisposing to clot
formation could use interatrial communication as a selective pathway for the transit of
microemboli (paradoxical embolism) [21]. Such microembolic phenomena could lead to serious

adverse events. Indeed, PFO is associated with several clinical syndromes.

3.1 Stroke

The association with embolic stroke/TIA in young adults with undetermined cause [22] is
undoubtedly the main reason why concern has risen on PFO. It is estimated that approximately
25% of strokes are cryptogenic while 16% are identified as stroke of undetermined cause. 25% of
patients with stroke of undetermined cause have PFO. Therefore, PFO is implicated in 4% of
ischemic stroke [9]. Nonetheless several PFO characteristics have been considered as high-risk
features for the onset of stroke [RLS at rest [23], RLS grade, Atrial Septum Aneurism (ASA) [24]],

the specific mechanism that lead to stroke remain uncertain [25].

Currently, paradoxical embolism is the most plausible hypothesis. It consists in the presence of a

venous thrombus that through circulation arrives in right atrium and passes the interatrial defect
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arriving directly in cerebral vascularization bypassing lung filter. Considering that the average of
PFO dimension is about 9.9 mm, it is sufficient to let pass thrombi of 3 mm or less (1 mm) able to
occlude the middle cerebral artery or its branches, respectively [4]. This is supported by evidences
showing RLS grade and PFO size as risk factors of stroke and case reports of thrombi localized in
PFO tunnels and stroke episodes after the evidence of Deep Venous Thrombosis (DVT) [26, 27].
However, there is no many data supporting the increase of evidence of DVT and stroke in patients
with PFO compared to non-PFO patients. Additionally, there are piece of evidence that relate
smaller shunts to higher incidence of stroke [28]. Thus, other pathophysiological mechanism and

explanation should be implicated in stroke caused by PFO.

To stratify the likelihood of paradoxical embolism the Risk of Paradoxical Embolism (RoPE) score
is used [Table 1]. Higher RoOPE indicate a larger attributable risk of stroke. Moreover, RoPE score
is able to estimate the 2-year risk of recurrence. The calculator considers different variables:
history of hypertension, history of diabetes, history of stroke or TIA, smoke habit, presence of
cortical damage on imaging and age. To each variable is attributed a score. Basing on the obtained
final score, from 0 to 10, likelihood of stroke can be evaluated. Rope from 0 to 3 estimates a risk

of 0% but a 20% of recurrence, 9-10 points estimates 88% of risk and a 2% of recurrence [29].

Another potential mechanism of PFO-related stroke is the in situ clot formation [28, 30], probably
due to the low flow generated in this area. In particular, specific PFO features, such as length of
PFO tunnel, presence of ASA (septum primum excursion >10 mm from the plane of the atrial
septum into right or left atrium), Chiari’s network or presence of Eustachian valve [31], has been

shown to be related to an increase risk of stroke [32].

Intriguingly, arrhythmias have been presumed to be part of the range of hypotheses of PFO-related
stroke mechanism. In fact, several investigators seem to support the theory that atrial arrhythmias
as atrial fibrillation (AF) contribute to the pathophysiological mechanism of PFO-related stroke,
especially when ASA occurs [33].
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Therefore, there are different pathophysiological mechanism that could be involved in PFO-related
stroke and each of them can contribute to generate a cerebral ischemic event in young patients
with PFO [34] [Figure 1].

3.2 Platypnea-orthodeoxia syndrome

Platypnea-orthodeoxia syndrome (POS) is a rare clinical entity characterized by a positional
dyspnea and desaturation or hypoxemia when passing from supine to orthostatic position. POS
occurs especially in elderly patients, probably because in older age the Eustachian valve is more
prominent and the blood coming from inferior vena cava is redirected directly onto the PFO [6].
Desaturation is defined as a drop in PaO2 > 4 mmHg and/or SpO2 > 5% in the passage from supine
to orthostatic position. Symptoms relief when the patient lies down [35]. The rationale of these
symptoms are the hypoxemia that has supposed to be due to the mixing of the oxygenated blood
with the deoxygenated blood through an interatrial defect such as PFO and ASA. Interatrial shunts
are not the only cause of this rare clinical entity, shunt could be extra cardiac or the mechanism
could be a mix of both. Anyway, the most frequent cause of POS is PFO [22].

Mirwais and co-workers described a very interesting case report of a 87 old year patient with POS
and PFO. The symptomatology reverted after PFO occlusion with an Amplatzer PFO occluder
device [36].

3.3 Migraine

An association between PFO and migraine, in particular migraine headache with aura (MHA), has
been reported [37, 38]. Intriguingly, migraine has been associated to a major risk of major adverse
cardiovascular and cerebral events (MACCE) but, above all, to an increased risk of stroke both
ischemic and hemorrhagic [39]. Evidence shows that in patients with migraine and PFO,
transcatheter PFO closure leads to a significant reduction of migraine episodes [40, 41], above all
in patients with MHA [42].

Daniela Trabattoni and collaborators discovered a prothrombotic phenotype and even an altered
oxidative stress status due to the elevated number of activated platelets in patients with MHA and
PFO [43]. The Authors showed a reversion of both conditions after PFO closure in all patients.

However, the precise pathophysiological mechanism that link MHA and PFO have not been
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completely explained [43] but this hypothesis could explain the correlation that some authors
found between P2Y 12 inhibitors and relief from MHA symptoms [44].

3.4 Decompression sickness

Decompression sickness (DCS) is a condition that is observed when there is exposure to hypobaric
environment such as returning to sea level after diving. DCS consists in paradoxical embolization
of nitrogen bubbles [45]. Clinical manifestation is comprehensive of a wide range of clinical
condition from skin rash to severe neurological impairment. Analysis conducted among patients
that practice diving and other sports but no diving, showed that cerebral lesions are present more
in patient with concomitant PFO. Although, it is necessary to underline that divers present more

brain lesions than non-divers independently from presence of PFO [46].

Honek and collaborators have demonstrated that high grade PFO is an independent risk factor for
unprovoked DCS in divers; moreover, data from the DIVE-PFO registry have shown that
transcatheter PFO closure is more effective in DSC prevention than the conservative approach in
divers [47, 48].

4. Management
The PFO management involves a systematic approach to diagnosis, risk assessment, and treatment

selection [Figure 2]:

4.1. Diagnostic Evaluation:

Correct management of PFO begins with accurately diagnosing interatrial defects using imaging
techniques such as transesophageal echocardiography (TEE), transthoracic echocardiography
(TTE), transcranial Doppler (TCD), and intracardiac echocardiography (ICE) [12].

4.2. Cryptogenic Stroke Assessment:

In cases of cryptogenic stroke with evidence of PFO, it is necessary to analyze the relationship
between stroke and PFO to determine causality. This involves excluding differential diagnoses
like atrial fibrillation (AF) through a comprehensive diagnostic workup, including

electrocardiography (ECG), in-hospital telemetry, and 24-hour Holter-ECG monitoring [2].
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4.3. Risk Stratification:

Various risk stratification systems, such as the PFO-associated stroke causal likelihood (PASCAL)
system [Table 2], aid in stratifying patients based on PFO characteristics and the Risk of
Paradoxical Embolism (RoPE) score. These tools help guide treatment decisions, with higher-risk

patients potentially benefiting more from PFO closure [11, 29, 49].

4.4. Medical Therapy:

Antiplatelet or anticoagulant medications may be initiated for secondary prevention of cryptogenic
stroke, particularly in patients with a low or uncertain risk of recurrence. However, the choice
between anticoagulation and antiplatelet therapy lacks clear evidence from randomized clinical
trials [11, 50, 51].

4.5. PFO Closure:

Recurrent stroke attributed to PFO is a clear indication for PFO closure. Recent trials have
demonstrated the superiority of transcatheter closure using double-disk design devices over
medical therapy alone in preventing stroke recurrence in selected patients [52-58] [Table 3].

4.6. Considerations for Elderly Patients:

There is a gap in evidence regarding PFO closure in patients over 60 years old, primarily due to
the higher prevalence of comorbidities such as AF. Current guidelines do not recommend routine
PFO closure in this age group, emphasizing the importance of thorough cardiac follow-up to detect
potential AF [2, 3, 59].

4.7. AF Monitoring:

AF is a significant concern following PFO closure, with studies suggesting a notable incidence of
post-procedural AF episodes. Careful patient selection is crucial, and monitoring for AF post-
procedure is essential for appropriate management [60, 61].

4.8. Device Thrombosis Management:
Device thrombosis is a rare but serious complication of PFO closure. Optimal medical therapy

post-procedure includes dual antiplatelet therapy (DAPT) for 1-6 months followed by single
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antiplatelet therapy (SAPT) for 5 years, although further research is needed to refine antiplatelet
therapy protocols [62, 63].

4.9. Alternative Closure Techniques:
Percutaneous transcatheter suture closure may be considered in selected cases where device
closure is not feasible. This technique has shown efficacy and safety in certain anatomical

configurations [64-66].

5. Conclusions

Managing PFO requires careful consideration of diagnostic findings, stroke risk, and treatment
options. While recent trials have supported the efficacy of PFO closure in preventing stroke
recurrence, several unresolved questions remain, particularly regarding the optimal management
of elderly patients and the prevention of device-related complications. Further research and robust
clinical trials are needed to address these gaps and refine the management of PFO for better patient

outcomes.
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Table 1

CHARACTERISTICS POINTS

No history of hypertension
No history of diabetes

No history of stroke/TIA
Non smoker

Cortical infarct on imaging
Age 18-29y

Age 30-39y

Age 40-49y

Age 50-59 y

Age 60-69 y

Age>T70y

olRrNwW A OGRFRF[FF

Table 1. RoPE score calculator to stratify the likelihood of paradoxical embolism; basing on the
obtained final score likelihood of stroke can be evaluated. Maximum score: 10; minimum score:
0. ROPE 0-3 pt: risk 0%, recurrence 20%; RoPE 9-10 pt: risk 88%, recurrence 2%. ROPE: Risk of
Paradoxical Embolism; Pt: points; y: years.
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Table 2
PASCAL CATHEGORY HIGH-RISK PFO ROPE score
PROBABLE Yes >7
POSSIBLE (1) Yes/ (2) No (H)<7/2)>17
UNLIKELY No <7

Table 2. The PASCAL system divides patients in 3 categories: PROBABLE, POSSIBLE,
UNLIKELY. The classification is based on two domains: high-risk PFO (presence of a large shunt
with >20 to 30 bubbles, presence of ASA or both, mostly evaluated with TEE) and the RoPE score
(23864310). PROBABLE category presents high-risk PFO and RoPE > 7; POSSIBLE category
presents high-risk PFO and a RoPE score <7 or low-risk PFO and a RoPE score >7; UNLIKELY
category presents low-risk PFO and a RoPE score <7. Moreover, PASCAL system estimates risk
of development late AF. This risk is based on the hypothesis of occult AF in these patients and on
the greater susceptibility to arrhythmogenic effects of device-tissue contact post-implant.
Considering a median of 4.8 years of follow-up for each category, there is a rate of increased risk
of AF: PROBABLE has a nonsignificant 0.7% increase, POSSIBLE has a 1.5% increase and
UNLIKELY has a 4.4% increase in risk of late AF with PFO closure. Thus, PROBABLE and
POSSIBLE categories of PASCAL classification are associated with a clear benefit from PFO
closure while UNLIKELY PASCAL classification is associated with net harm from closure.
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Table 3. Summary table of the clinical trials that evaluated the effectiveness and safety of PFO-percutaneous closure with device.
ASA: Atrial Septal Aneurysm; CE: Conformité Européenne; Cl: Confidence Interval; HR: Hazard Ratio; PFO: Patent Foramen Ovale;
TIA: transient Ischemic Attack.

CLINICAL Number

MAIN RESULTS

DEVICE CONTROL ARM  PRIMARY ENDPOINT P-VALUE (P)
TRIAL of USED
(year) patients
CLOSURE 909 STARflex Aspirin and/or Composite of stroke/TIA, | HR 0.78 95% CI1 0.45to | Closure not superior to
1 (2012) Warfarin all-cause mortality, death 1.35 P=0.37 medical therapy
from neurological causes
PC trial 414 Amplatzer Antiplatelet therapy or Composite of death, HR 0.63 95% CI1 0.24 to | Closure not superior to
(2013) PFO Occluder OAC nonfatal stroke, TIA, or 1.72 P=0.34 medical therapy
peripheral embolism
RESPECT 980 Amplatzer Aspirin or warfarin or | Composite of recurrent | HR 0.49 95% CI 0.22 to Intention-to-treat-
(2013) PFO Occluder Clopidogrel, or nonfatal ischemic stroke, | 1.11 P=0.08 HR, 0.27 analysis: no significant
Aspirin with extended | fatal ischemic stroke or 95% C10.10t0 0.75 benefit for closure;
release dipyridamole early death after P=0.007 As-treated analysis:
randomization closure superior to
medical therapy
RESPECT 980 Amplatzer Aspirin or Warfarin or | Composite of recurrent | HR 0.5595% C10.31to | Extended follow-up in
(Long-term PFO Occluder Clopidogrel, or nonfatal ischemic stroke, 1.0 P=0.046 HR 0.38 intention-to-treat
follow-up) Aspirin with extended | fatal ischemic stroke, or 95% C10.18 t0 0.79 analysis: closure superior
(2017) release dipyridamole early death after P=0.007 to medical therapy
randomization
CLOSE 663 CE marked Aspirin or Clopidogrel Recurrent fatal or Closure vs. antiplatelet Closure superior to
(2017) PFO devices or Aspirin with nonfatal stroke therapy HR 0.03 95% antiplatelet in patients
extended release Cl 0to 0.26 P<0.001/ with ASA or PFO with
dipyridamole/ Vitamin Anticoagulant vs. large shunt/
K antagonists or Antiplatelet therapy HR | Anticoagulant equivalent
NOACs 0.4395% Cl10.1t0o 1.5 to antiplatelet therapy
P=0.17
REDUCE 664 Helex Septal | Aspirin or Clopidogrel | Recurrent stroke/ New | HR 0.23 95% C1 0.09 to Closure superior to
(2017) Occluder and or Aspirin with brain infarct inclusive of | 0.62 P=0.002 HR 0.51 antiplatelet therapy
Cardioform dipyridamole silent brain infarct 95% C10.29t0 0.91
P=0.04
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Septal
Occluder
DEFENCE- 120 Amplatzer Aspirin or Aspirin and | Stroke, vascular death or P=0.023 Log-rank Closure in patients with
PFO (2018) PFO Occluder Clopidogrel, or TIMI-defined major P=0.013 P=0.24 high risk PFO

Aspirin and Cilostazol,
or Warfarin

bleeding

characteristics resulted in
lower rate of ischemic
stroke vs. medical
therapy
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Figu e 1. Schematic representation of the pathophysiology of PFO-associated stroke.

ISCHEMIC
STROKE

Paradoxical In situ clot Atrial
embolism formation Fibrillation
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Figu re 2. Simplified flow chart of PFO-associated stroke management. AF: Atrial Fibrillation; ECG: Electrocardiogram; PASCAL.:
PFO-associated stroke causal likelihood system; RoPE: Risk of Paradoxical Embolism score; TCD: TransCranial Doppler; TEE:
TransEsophageal Echo; TTE: TransThoracic Echo; y: years.

-Clinical
-lmaging

AF treatment
-ECG and

-In-hospital monitori

(aged 18-65 y)

-Antiplatelet -Device
-Anticoagulant -Suture

Page 15 of 24


https://doi.org/10.62684/DMFZ6956

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

References

1.

Koutroulou |, Tsivgoulis G, Tsalikakis D, Karacostas D, Grigoriadis N, Karapanayiotides T:
Epidemiology of Patent Foramen Ovale in General Population and in Stroke Patients: A Narrative
Review. Front Neurol 2020, 11:281.

Pristipino C, Sievert H, D'Ascenzo F, Louis Mas J, Meier B, Scacciatella P, Hildick-Smith D, Gaita F,
Toni D, Kyrle P et al: European position paper on the management of patients with patent foramen
ovale. General approach and left circulation thromboembolism. Eur Heart J 2019, 40(38):3182-
3195.

Sposato LA, Albin CSW, Elkind MSV, Kamel H, Saver JL: Patent Foramen Ovale Management for
Secondary Stroke Prevention: State-of-the-Art Appraisal of Current Evidence. Stroke 2024,
55(1):236-247.

Overell JR, Bone I, Lees KR: Interatrial septal abnormalities and stroke: a meta-analysis of case-
control studies. Neurology 2000, 55(8):1172-1179.

Mojadidi MK, Zaman MO, Elgendy 1Y, Mahmoud AN, Patel NK, Agarwal N, Tobis JM, Meier B:
Cryptogenic Stroke and Patent Foramen Ovale. J Am Coll Cardiol 2018, 71(9):1035-1043.

Meier B, Lock JE: Contemporary management of patent foramen ovale. Circulation 2003, 107(1):5-
9.

Ornello R, Degan D, Tiseo C, Di Carmine C, Perciballi L, Pistoia F, Carolei A, Sacco S: Distribution
and Temporal Trends From 1993 to 2015 of Ischemic Stroke Subtypes: A Systematic Review and
Meta-Analysis. Stroke 2018, 49(4):814-8109.

Perera KS, Vanassche T, Bosch J, Giruparajah M, Swaminathan B, Mattina KR, Berkowitz SD, Arauz
A, O'Donnell MJ, Ameriso SF et al: Embolic strokes of undetermined source: Prevalence and patient

features in the ESUS Global Registry. Int J Stroke 2016, 11(5):526-533.

Page 16 of 24


https://doi.org/10.62684/DMFZ6956

10.

11.

12.

13.

14.

15.

16.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Katsanos AH, Bhole R, Frogoudaki A, Giannopoulos S, Goyal N, Vrettou AR, lkonomidis I,
Paraskevaidis |, Pappas K, Parissis J et al: The value of transesophageal echocardiography for
embolic strokes of undetermined source. Neurology 2016, 87(10):988-995.

Larrue V, Berhoune N, Massabuau P, Calviere L, Raposo N, Viguier A, Nasr N: Etiologic investigation
of ischemic stroke in young adults. Neurology 2011, 76(23):1983-1988.

Elgendy AY, Saver JL, Amin Z, Boudoulas KD, Carroll JD, Elgendy 1Y, Grunwald 1Q, Gertz ZM, Hijazi
ZM, Horlick EM et al: Proposal for Updated Nomenclature and Classification of Potential Causative
Mechanism in Patent Foramen Ovale-Associated Stroke. JAMA Neurol 2020, 77(7):878-886.
Chaturvedi A, Moroni F, Axline M, Tomdio A, Mojadidi MK, Gertz Z: Comparative evaluation of
intracardiac, transesophageal, and transthoracic echocardiography in the assessment of patent
foramen ovale: A retrospective single-center study. Catheter Cardiovasc Interv 2023, 102(7):1348-
1356.

Mojadidi MK, Roberts SC, Winoker JS, Romero J, Goodman-Meza D, Gevorgyan R, Tobis JM:
Accuracy of transcranial Doppler for the diagnosis of intracardiac right-to-left shunt: a bivariate
meta-analysis of prospective studies. JACC Cardiovasc Imaging 2014, 7(3):236-250.

Ahmed MK, Kamal H, Weiss JL, Crumlish A, Shirani P, Sawyer RN, Mowla A: Transesophageal
echocardiogram in the evaluation of acute ischemic stroke of young adults. Brain Circ 2021, 7(2):85-
91.

de Belder MA, Tourikis L, Griffith M, Leech G, Camm AJ: Transesophageal contrast
echocardiography and color flow mapping: methods of choice for the detection of shunts at the
atrial level? Am Heart J 1992, 124(6):1545-1550.

Davison P, Clift PF, Steeds RP: The role of echocardiography in diagnosis, monitoring closure and

post-procedural assessment of patent foramen ovale. Eur J Echocardiogr 2010, 11(10):i27-34.

Page 17 of 24


https://doi.org/10.62684/DMFZ6956

17.

18.

19.

20.

21.

22,

23.

24,

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Khan R, Karim MN, Hosseini F, Fine N: Diagnostic Accuracy of Transthoracic Echocardiography
With Contrast for Detection of Right-to-Left Shunt: A Systematic Review and Meta-analysis. Can
J Cardiol 2022, 38(12):1948-1958.

D'Andrea A, Conte M, Riegler L, Scarafile R, Cocchia R, Pezzullo E, Cavallaro M, Di Maio M, Natale
F, Santoro G et al: Transcranial Doppler Ultrasound: Incremental Diagnostic Role in Cryptogenic
Stroke Part I1. J Cardiovasc Echogr 2016, 26(3):71-77.

Serena J, Segura T, Perez-Ayuso MJ, Bassaganyas J, Molins A, Davalos A: The need to quantify right-
to-left shunt in acute ischemic stroke: a case-control study. Stroke 1998, 29(7):1322-1328.

Anderson RH, Webb S, Brown NA, Lamers W, Moorman A: Development of the heart: (2) Septation
of the atriums and ventricles. Heart 2003, 89(8):949-958.

Evola S, Camarda EA, Triolo OF, Adorno D, D'Agostino A, Novo G, Onorato EM: Clinical Outcomes
and Quality of Life after Patent Foramen Ovale (PFO) Closure in Patients with Stroke/Transient
Ischemic Attack of Undetermined Cause and Other PFO-Associated Clinical Conditions: A Single-
Center Experience. J Clin Med 2023, 12(18).

Hara H, Virmani R, Ladich E, Mackey-Bojack S, Titus J, Reisman M, Gray W, Nakamura M, Mooney
M, Poulose A et al: Patent foramen ovale: current pathology, pathophysiology, and clinical status.
J Am Coll Cardiol 2005, 46(9):1768-1776.

Kutty S, Sengupta PP, Khandheria BK: Patent foramen ovale: the known and the to be known. J Am
Coll Cardiol 2012, 59(19):1665-1671.

Pizzino F, Khandheria B, Carerj S, Oreto G, Cusma-Piccione M, Todaro MC, Oreto L, Vizzari G, Di
Bella G, Zito C: PFO: Button me up, but wait ... Comprehensive evaluation of the patient. J Cardiol

2016, 67(6):485-492.

Page 18 of 24


https://doi.org/10.62684/DMFZ6956

25.

26.

217.

28.

29.

30.

31.

32.

33.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Aggeli C, Verveniotis A, Andrikopoulou E, Vavuranakis E, Toutouzas K, Tousoulis D:
Echocardiographic features of PFOs and paradoxical embolism: a complicated puzzle. Int J
Cardiovasc Imaging 2018, 34(12):1849-1861.

Mirijello A, D'Errico MM, Curci S, Spatuzza P, Graziano D, La Viola M, D'Alessandro V, Grilli M,
Vendemiale G, Cassese M et al: Paradoxical embolism with thrombus stuck in a patent foramen
ovale: a review of treatment strategies. Eur Rev Med Pharmacol Sci 2018, 22(24):8885-8890.
Windecker S, Stortecky S, Meier B: Paradoxical embolism. J Am Coll Cardiol 2014, 64(4):403-415.
Thaler DE, Ruthazer R, Weimar C, Mas JL, Serena J, Di Angelantonio E, Papetti F, Homma S, Mattle
HP, Nedeltchev K et al: Recurrent stroke predictors differ in medically treated patients with
pathogenic vs. other PFOs. Neurology 2014, 83(3):221-226.

Kent DM, Ruthazer R, Weimar C, Mas JL, Serena J, Homma S, Di Angelantonio E, Di Tullio MR, Lutz
JS, Elkind MS et al: An index to identify stroke-related vs incidental patent foramen ovale in
cryptogenic stroke. Neurology 2013, 81(7):619-625.

Schneider B, Hanrath P, Vogel P, Meinertz T: Improved morphologic characterization of atrial septal
aneurysm by transesophageal echocardiography: relation to cerebrovascular events. J Am Coll
Cardiol 1990, 16(4):1000-10009.

Schuchlenz HW, Saurer G, Weihs W, Rehak P: Persisting eustachian valve in adults: relation to
patent foramen ovale and cerebrovascular events. J Am Soc Echocardiogr 2004, 17(3):231-233.
Taramasso M, Nietlispach F, Maisano F, Meier B: Patent foramen ovale: indications for closure and
techniques. Eurolntervention 2016, 12 Suppl X:X7-X12.

Lamy C, Giannesini C, Zuber M, Arquizan C, Meder JF, Trystram D, Coste J, Mas JL: Clinical and
imaging findings in cryptogenic stroke patients with and without patent foramen ovale: the PFO-

ASA Study. Atrial Septal Aneurysm. Stroke 2002, 33(3):706-711.

Page 19 of 24


https://doi.org/10.62684/DMFZ6956

34.

35.

36.

37.

38.

39.

40.

41.

42.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

loannidis SG, Mitsias PD: Patent Foramen Ovale in Cryptogenic Ischemic Stroke: Direct Cause,
Risk Factor, or Incidental Finding? Front Neurol 2020, 11:567.

Agrawal A, Palkar A, Talwar A: The multiple dimensions of Platypnea-Orthodeoxia syndrome: A
review. Respir Med 2017, 129:31-38.

Mirwais S, Mirwais M, Altaf A, Collins J: Patent Foramen Ovale With Platypnea - Orthodeoxia
Syndrome: A Case Report. Cureus 2020, 12(10):e10958.

Rigatelli G: Migraine and patent foramen ovale: connecting flight or one-way ticket? Expert Rev
Neurother 2008, 8(9):1331-1337.

Signoriello E, Cirillo M, Puoti G, Signoriello G, Negro A, Koci E, Melone MAB, Rapacciuolo A,
Maresca G, Lus G: Migraine as possible red flag of PFO presence in suspected demyelinating
disease. J Neurol Sci 2018, 390:222-226.

Mahmoud AN, Mentias A, Elgendy AY, Qazi A, Barakat AF, Saad M, Mohsen A, Abuzaid A, Mansoor
H, Mojadidi MK et al: Migraine and the risk of cardiovascular and cerebrovascular events: a meta-
analysis of 16 cohort studies including 1 152 407 subjects. BMJ Open 2018, 8(3):020498.

Khessali H, Mojadidi MK, Gevorgyan R, Levinson R, Tobis J: The effect of patent foramen ovale
closure on visual aura without headache or typical aura with migraine headache. JACC Cardiovasc
Interv 2012, 5(6):682-687.

Papa M, Gaspardone A, Fragasso G, Ajello S, Gioffre G, lamele M, lani C, Margonato A: Usefulness of
transcatheter patent foramen ovale closure in migraineurs with moderate to large right-to-left
shunt and instrumental evidence of cerebrovascular damage. Am J Cardiol 2009, 104(3):434-439.
Wahl A, Praz F, Tai T, Findling O, Walpoth N, Nedeltchev K, Schwerzmann M, Windecker S, Mattle
HP, Meier B: Improvement of migraine headaches after percutaneous closure of patent foramen

ovale for secondary prevention of paradoxical embolism. Heart 2010, 96(12):967-973.

Page 20 of 24


https://doi.org/10.62684/DMFZ6956

43.

44,

45.

46.

47.

48.

49.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Trabattoni D, Brambilla M, Canzano P, Becchetti A, Teruzzi G, Porro B, Fiorelli S, Muratori M, Tedesco
CC, Veglia F et al: Migraine in Patients Undergoing PFO Closure: Characterization of a Platelet-
Associated Pathophysiological Mechanism: The LEARNER Study. JACC Basic Transl Sci 2022,
7(6):525-540.

Sommer RJ, Nazif T, Privitera L, Robbins BT: Retrospective review of thienopyridine therapy in
migraineurs with patent foramen ovale. Neurology 2018, 91(22):1002-10009.

Devos P, Guedeney P, Montalescot G, Group AS: Patent Foramen Ovale Percutaneous Closure:
Evolution and Ongoing Challenges. J Clin Med 2023, 13(1).

Schwerzmann M, Seiler C, Lipp E, Guzman R, Lovblad KO, Kraus M, Kucher N: Relation between
directly detected patent foramen ovale and ischemic brain lesions in sport divers. Ann Intern Med
2001, 134(1):21-24.

Honek J, Sramek M, Sefc L, Januska J, Fiedler J, Horvath M, Tomek A, Novotny S, Honek T, Veselka
J: High-grade patent foramen ovale is a risk factor of unprovoked decompression sickness in
recreational divers. J Cardiol 2019, 74(6):519-523.

Honek J, Sramek M, Honek T, Tomek A, Sefc L, Januska J, Fiedler J, Horvath M, Novotny S, Brabec M
et al: Screening and Risk Stratification Strategy Reduced Decompression Sickness Occurrence in
Divers With Patent Foramen Ovale. JACC Cardiovasc Imaging 2022, 15(2):181-189.

Kent DM, Saver JL, Kasner SE, Nelson J, Carroll JD, Chatellier G, Derumeaux G, Furlan AJ, Herrmann
HC, Juni P et al: Heterogeneity of Treatment Effects in an Analysis of Pooled Individual Patient
Data From Randomized Trials of Device Closure of Patent Foramen Ovale After Stroke. JAMA

2021, 326(22):2277-2286.

Page 21 of 24


https://doi.org/10.62684/DMFZ6956

50.

51.

52.

53.

54,

55.

56.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Kasner SE, Lattanzi S, Fonseca AC, Elgendy AY: Uncertainties and Controversies in the
Management of Ischemic Stroke and Transient Ischemic Attack Patients With Patent Foramen
Ovale. Stroke 2021, 52(12):e806-e819.

Hart RG, Diener HC, Coutts SB, Easton JD, Granger CB, O'Donnell MJ, Sacco RL, Connolly SJ,
Cryptogenic Stroke EIWG: Embolic strokes of undetermined source: the case for a new clinical
construct. Lancet Neurol 2014, 13(4):429-438.

Horlick E, Kavinsky CJ, Amin Z, Boudoulas KD, Carroll JD, Hijazi ZM, Leifer D, Lutsep HL, Rhodes
JF, Tobis JM: SCAI expert consensus statement on operator and institutional requirements for PFO
closure for secondary prevention of paradoxical embolic stroke: The American Academy of
Neurology affirms the value of this statement as an educational tool for neurologists. Catheter
Cardiovasc Interv 2019, 93(5):859-874.

Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers GW, Felberg R, Herrmann H, Kar S,
Landzberg M et al: Closure or medical therapy for cryptogenic stroke with patent foramen ovale. N
Engl J Med 2012, 366(11):991-999.

Meier B, Kalesan B, Mattle HP, Khattab AA, Hildick-Smith D, Dudek D, Andersen G, Ibrahim R,
Schuler G, Walton AS et al: Percutaneous closure of patent foramen ovale in cryptogenic embolism.
N Engl J Med 2013, 368(12):1083-1091.

Mas JL, Derumeaux G, Guillon B, Massardier E, Hosseini H, Mechtouff L, Arquizan C, Bejot Y, Vuillier
F, Detante O et al: Patent Foramen Ovale Closure or Anticoagulation vs. Antiplatelets after Stroke.
N Engl J Med 2017, 377(11):1011-1021.

Lee PH, Song JK, Kim JS, Heo R, Lee S, Kim DH, Song JM, Kang DH, Kwon SU, Kang DW et al:
Cryptogenic Stroke and High-Risk Patent Foramen Ovale: The DEFENSE-PFO Trial. J Am Coll

Cardiol 2018, 71(20):2335-2342.

Page 22 of 24


https://doi.org/10.62684/DMFZ6956

57,

58.

59.

60.

61.

62.

63.

64.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Saver JL, Carroll JD, Thaler DE, Smalling RW, MacDonald LA, Marks DS, Tirschwell DL, Investigators
R: Long-Term Outcomes of Patent Foramen Ovale Closure or Medical Therapy after Stroke. N
Engl J Med 2017, 377(11):1022-1032.

Sondergaard L, Kasner SE, Rhodes JF, Andersen G, Iversen HK, Nielsen-Kudsk JE, Settergren M,
Sjostrand C, Roine RO, Hildick-Smith D et al: Patent Foramen Ovale Closure or Antiplatelet
Therapy for Cryptogenic Stroke. N Engl J Med 2017, 377(11):1033-1042.

Healey JS, Alings M, Ha A, Leong-Sit P, Birnie DH, de Graaf JJ, Freericks M, Verma A, Wang J, Leong
D et al: Subclinical Atrial Fibrillation in Older Patients. Circulation 2017, 136(14):1276-1283.
Rouesnel P, Babuty D, Fauchier L, Saudeau D, Hurreesing R, Cosnay P, Garnier LF: Comparative study
of atrial vulnerability in patients with unexplained ischemic stroke or lone atrial paroxysmal
fibrillation. Ann Cardiol Angeiol (Paris) 2003, 52(4):220-225.

Guedeney P, Laredo M, Zeitouni M, Hauguel-Moreau M, Wallet T, Elegamandji B, Alamowitch S,
Crozier S, Sabben C, Deltour S et al: Supraventricular Arrhythmia Following Patent Foramen Ovale
Percutaneous Closure. JACC Cardiovasc Interv 2022, 15(22):2315-2322.

Kramer P, Opgen-Rhein B, Berger F, Nordmeyer J: Left atrial disc device thrombosis after atrial
defect closure with the Gore(R) Cardioform septal occluder: A case series. Catheter Cardiovasc
Interv 2023, 102(2):359-363.

Pristipino C, Sievert H, D'Ascenzo F, Mas JL, Meier B, Scacciatella P, Hildick-Smith D, Gaita F, Toni
D, Kyrle P et al: European position paper on the management of patients with patent foramen ovale.
General approach and left circulation thromboembolism. Eurolntervention 2019, 14(13):1389-1402.
Ruiz CE, Kipshidze N, Chiam PT, Gogorishvili I: Feasibility of patent foramen ovale closure with no-
device left behind: first-in-man percutaneous suture closure. Catheter Cardiovasc Interv 2008,

71(7):921-926.

Page 23 of 24


https://doi.org/10.62684/DMFZ6956

65.

66.

Forzano et al. Top Italian Scientists Journal, 2024;1(2); https://doi.org/10.62684/DMFZ6956

Gaspardone A, De Marco F, Sgueglia GA, De Santis A, lamele M, D'Ascoli E, Tusa M, Corciu A, Mullen
M, Nobles A et al: Novel percutaneous suture-mediated patent foramen ovale closure technique:
early results of the NobleStitch EL Italian Registry. Eurolntervention 2018, 14(3):e272-e279.

Onorato EM, Grancini L, Monizzi G, Mastrangelo A, Fabbiocchi F, Bartorelli AL: Noblestitch(R)
system for PFO closure: A novel but judicious alternative to traditional devices-A case report. Front

Cardiovasc Med 2023, 10:1095661.

Page 24 of 24


https://doi.org/10.62684/DMFZ6956

