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Percutaneous closure of patent foramen ovale
Perkutano zapiranje odprtega ovalnega okna

Katja Prokšelj,1,2 Janja Pretnar Oblak3

Abstract
Patent foramen ovale (PFO) is a remnant of an embryological atrial communication, which normally closes spontaneously 
after birth. However, it remains open in 25% of the general population. It is linked to several conditions due to a right-left 
shunt, including cryptogenic ischemic stroke, systemic embolism, migraine, and decompression illness. Percutaneous 
PFO closure is a relatively simple and safe procedure, which has been indicated in selected patients. Results from rele-
vant studies show that closure is reasonable in younger patients with embolic ischemic stroke, where after thorough and 
comprehensive diagnostics and exclusion of alternative causes, the cause still remains undetermined. Even after percu-
taneous closure of PFO, lifelong secondary medical treatment is mandatory. To date, the results of the studies show that 
percutaneous closure is not indicated in the treatment of migraine, but is indicated in active and professional divers after 
decompression illness. Patients with an indication for percutaneous PFO closure should be referred to a multidisciplinary 
PFO council.

Izvleček
Odprto ovalno okno (OOO) je ostanek razvojne povezave med preddvoroma, ki se ob rojstvu običajno spontano zapre, 
pri približno 25 % populacije pa ostane odprto vse življenje. V redkih primerih je OOO zaradi desno-levega spoja lahko 
vpleteno v nastanek kriptogene ishemične možganske kapi, sistemske embolizacije, migrene in dekompresijske bolezni. 
Perkutano zapiranje OOO je preizkušen, razmeroma enostaven in varen poseg, ki pa prihaja v poštev le pri izbranih bolni-
kih. Študije namreč kažejo, da je smiseln predvsem pri mlajših bolnikih z embolično ishemično možgansko kapjo, ki tudi 
po natančnem stopenjskem diagnosticiranju in izključitvi ostalih alternativnih vzrokov ostaja nepojasnjena. Ne glede na 
opravljeno zapiranje OOO morajo bolniki s kriptogeno ishemično možgansko kapjo doživljenjsko prejemati tudi sekun-
darno medikamentno zaščito. Glede na doslej opravljene študije zaenkrat velja, da perkutano zapiranje OOO ni učinkovit 
način zdravljenja migrene, prihaja pa v poštev pri aktivnih potapljačih po preboleli dekompresijski bolezni in pri poklicnih 
potapljačih. Svetujemo, da se bolniki z indikacijo za zapiranje OOO napotijo na konzilij za OOO.

1 Department of Cardiology, University Medical Centre Ljubljana, Ljubljana, Slovenia
2 Department of Internal Medicine, Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia
3 Neurology clinic, University Medical Centre Ljubljana, Ljubljana, Slovenia

Correspondence / Korespondenca: Katja Prokšelj, e: katja.prokselj@gmail.com

Key words: cryptogenic ischemic stroke; embolic stroke of undetermined origin; patent foramen ovale; atrial fibrillation; hypercoagulable 
state

Ključne besede: kriptogena ishemična možganska kap; embolična možganska kap neopredeljenega izvora; odprto ovalno okno; atrijska 
fibrilacija; hiperkoagulabilno stanje

Received / Prispelo: 23. 8. 2020 | Accepted / Sprejeto: 30. 11. 2020

Cite as / Citirajte kot: Prokšelj K, Pretnar Oblak J. Percutaneous closure of patent foramen ovale. Zdrav Vestn. 2021;90(11–12):614–23. 
DOI: https://doi.org/10.6016/ZdravVestn.3153

eng slo element

en article-lang

10.6016/ZdravVestn.3153 doi

23.8.2020 date-received

30.11.2020 date-accepted

Neurology, neuropsychology, neurophysiology Nevrologija, nevropsihologija, nevrofiziologija discipline

Review article Pregledni znanstveni članek article-type

Percutaneous closure of patent foramen ovale Perkutano zapiranje odprtega ovalnega okna article-title

Percutaneous closure of patent foramen ovale Perkutano zapiranje odprtega ovalnega okna alt-title

cryptogenic ischemic stroke, embolic stroke 
of undetermined origin, patent foramen ovale, 
atrial fibrillation, hypercoagulable state

kriptogena ishemična možganska kap, embolična 
možganska kap neopredeljenega izvora, odprto 
ovalno okno, atrijska fibrilacija, hiperkoagulabilno 
stanje

kwd-group

The authors declare that there are no conflicts 
of interest present.

Avtorji so izjavili, da ne obstajajo nobeni 
konkurenčni interesi. conflict

year volume first month last month first page last page

2021 90 11 12 614 623

name surname aff email

Katja Prokšelj 1,2 katja.prokselj@gmail.com

name surname aff

Janja Pretnar Oblak 3

eng slo aff-id

Department of Cardiology, 
University Medical Centre 
Ljubljana, Ljubljana, Slovenia

Klinični oddelek za kardiologijo, 
Univerzitetni klinični center 
Ljubljana, Ljubljana, Slovenija

1

Department of Internal 
Medicine, Faculty of Medicine, 
University of Ljubljana, 
Ljubljana, Slovenia

Katedra za interno medicino, 
Medicinska fakulteta, Univerza v 
Ljubljani, Ljubljana, Slovenija

2

Neurology clinic, University 
Medical Centre Ljubljana, 
Ljubljana, Slovenia

Nevrološka klinika, Univrezitetni 
klinični center Ljubljana, 
Ljubljana, Slovenija

3

Slovenian Medical JournalSlovenian Medical Journal

https://doi.org/10.6016/ZdravVestn.3153
https://creativecommons.org/licenses/by-nc/4.0/
mailto:katja.prokselj%40gmail.com?subject=
https://doi.org/10.6016/ZdravVestn.3153


615

REVIEW ARTICLE

Percutaneous closure of patent foramen ovale

1 Introduction

Patent foramen ovale (PFO) is a remnant of an em-
bryological atrial communication, which normally 
closes spontaneously in a newborn, after postpartal ad-
aptation of blood circulation. The closure is firstly func-
tional, as a result of the pressure difference between the 
atria, and then in the first year of life, the foramen ovale 
is closed anatomically by fibrous adhesions. Thus, the 
communication between the atria is eliminated. Despite 
the fact that the adaptation of blood circulation occurs in 
all healthy people, the foramen ovale does not close ana-
tomically in all. In such instances, the foramen ovale re-
mains patent and the condition is referred to as PFO (1-
3). If in a person with PFO, right atrial pressure exceeds 
the left atrial pressure, blood bypasses the pulmonary 
circulation and flows through the PFO directly from the 
right into the left atrium, which is called a right-to-left 
shunt. This is a possible mechanism for paradoxical em-
bolism. PFO is a common finding and studies show that 
it is present in approximately 25% of individuals in the 
general population (1,4). Usually, PFO is asymptomatic 
(1,5).

In rare cases, however, a right-to-left shunt due to the 
PFO may be involved in the development of cryptogenic 
ischemic stroke, systemic embolism, migraine, and de-
compression illness (2,3,6,7).

As PFO is considered a possible mechanism of par-
adoxical embolism, percutaneous PFO closure tech-
niques were developed at the end of the last century in 
order to prevent recurrent paradoxical embolisms and 
related clinical events (8).

Primary surgical closure of PFO nowadays is no 
longer used and is indicated only in concomitant heart 
surgery for another indication. It has been replaced by 
a percutaneous technique, which is easy to implement 
and has few complications. During the procedure, the 
PFO is closed with a special closure device (occluder) 
consisting of two interconnected disks. The procedure 
is performed by femoral approach. The occluder is posi-
tioned in the atrial septum so that the discs embrace and 
close the PFO from both sides. Because the procedure is 
usually monitored with transoesophageal echocardiog-
raphy, it is performed under general anaesthesia or deep 
sedation (9). Since the first description of a successful 
percutaneous PFO closure in 1983, it has become one 
of the most commonly performed percutaneous cardiac 
procedures to day (8).

This article discusses the indications for percutaneous 

PFO closure with emphasis on the most common condi-
tion, cryptogenic ischemic stroke.

2 Conditions associated with an increased 
incidence of patent foramen ovale

Since it is usually asymptomatic, patients are com-
monly not aware that they have PFO. It is often diag-
nosed incidentally during echocardiography, performed 
for another indication. PFO, diagnosed as an inciden-
tal finding, does not require additional investigations, 
follow-up or even percutaneous closure. Diagnostic 
procedures and closure are only indicated for selected 
subgroups of patients. PFO may be involved in the de-
velopment of a cryptogenic ischemic stroke or other sys-
temic embolism, migraine, and decompression illness 
(10,11).

2.1 Cryptogenic ischemic stroke

2.1.1 What is a cryptogenic ischemic stroke?

A cryptogenic ischemic stroke is difined as a stroke 
in which no direct cause can be found despite proper 
investigations (12).

Where there is a history of an ischemic stroke or 
transient ischemic attack (TIA), the aetiology should be 
defined and, if possible, the cause should be eliminat-
ed so that ischemic events do not recur. In most cases, 
the cause for an ischemic stroke is arterial occlusion. An 
occlusion of the major cerebral arteries is caused by ei-
ther cardioembolism or artery-to-artery embolism from 
the large arteries. An occlusion of the smaller arteries is 
mostly caused by thrombosis; this is the lacunar infarct. 
According to the above, the TOAST classification (Trial 
of ORG 10172) with five basic groups is used to clas-
sify ischemic stroke according to aetiology: 1. large-ar-
tery atherosclerosis; 2. Cardioembolism; 3. small vessel 
occlusion; 4. stroke of other determined aetiology; 5. 
stroke of undetermined aetiology or cryptogenic isch-
emic stroke (Figure 1) (12).

Despite appropriate diagnostics as much as 20–30% 
of ischemic strokes remain unexplained, or cryptogen-
ic, especially in younger patients (13). Sometimes the 
reason for this is inadequate diagnostic workup, sever-
al possible aetiologies may be present, or the aetiology 
remains unclear despite a comprehensive diagnostics. 
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Cryptogenic ischemic strokes of embolic origin are par-
ticularly problematic, as such ischemic strokes are more 
severe and they often recur.

2.1.2. What is ESUS?

In 2014, an international working group established 
the term Embolic Stroke of Undetermined Source 
(ESUS) (14). ESUS is referred to cryptogenic embolic 
(non-lacunar) cerebral infarction, which is not the result 
of extra- or intracranial atherosclerosis, and cardioem-
bolic source as well as other causes of ischemic stroke 
are excluded by the classical examinations. The ESUS 

definition allows for a more comprehensive treatment of 
patients with cryptogenic ischemic stroke.

In practice, the diagnosis of ESUS requires imaging – 
computed tomography (CT) or magnetic resonance im-
aging (MRI) of the head, which shows a wedge-shaped 
infarction characteristic of embolic origin (Figure 2). 
Ultrasound examination (US) is most commonly used 
to rule out pathology of the carotid arteries, and com-
puted tomography (CT) or magnetic resonance (MRI) 
angiography (preferably in combination with ultra-
sound techniques) are used to show intracranial arteries. 
To rule out cardioembolic aetiology, transthoracic echo-
cardiogram (TTE), a classic ECG, and, if this does not 
show pathology, at least a 24-hour Holter ECG monitor-
ing should be performed (Figure 1). In some patients, 
especially younger ones, additional in-depth diagnostic 
workup is required, excluding various rarer conditions 
(prothrombotic conditions, autoimmune diseases, vas-
culitis, hereditary diseases, etc.) (15). Such examinations 
are a part of a subspecialist diagnostic workup, which is 
beyond the scope of this article.

2.1.3 The role of patent foramen ovale in the 
occurence of ESUS

The prevalence of PFO among patients with crypto-
genic ischemic stroke is approximately 40% and it is even 
more common in young people (16). A meta-analysis of 

Figure 1: The TOAST classification - causes of ischemic stroke. Summarized after Adams HP, et al., 1993 (12).
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Figure 2: Typical appearance of embolic cerebral infarction: 
MRI of the head shows a wedge-shaped ischemic infarction 
(A), which occurred when the left middle cerebral artery 
was blocked (B).
Image is from authors’ own archive.
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23 studies evaluating cryptogenic ischemic stroke and 
PFO showed that the prevalence of PFO was 2.9-fold 
higher in patients with cryptogenic ischemic stroke than 
in healthy subjects (17).

The most important mechanism for the occurrence of 
ischemic stroke in PFO is supposed to be a paradoxical 
embolism. If this mechanism were to be unequivocally 
confirmed, the presence of a thrombosis in the venous 
system would have to be demonstrated in addition to 
the right-left shunt through the PFO. Most studies show 
that deep vein thrombosis is detected in only 8–10% of 
patients (18). Most patients with deep vein thrombosis 
have symptoms. Additional possible mechanisms are 
thrombus formation within the PFO channel due to 
blood stasis, and concomitant heart rhythm disorder (5).

2.1.4 The position of the profession regarding 
the patent foramen ovale closure in patients with 
ESUS

In 2012 and 2013, the results of three large random-
ized trials, CLOSURE I, PC Trial, and RESPECT were 
published, which did not confirm greater efficacy of per-
cutaneous PFO closure compared to medical therapy 
alone to prevent recurrent ischemic stroke in patients 
younger than 60 years (19-21). They confirmed that the 
procedure itself is otherwise safe, although atrial fibril-
lation is more common after the closure. The trials have 
been criticized for having a too short follow-up time and 
a too low number of subjects, as complications were rel-
atively rare.

The perspective on PFO closure in patients with cryp-
togenic ischemic stroke changed significantly in Septem-
ber 2017, when the New England Journal of Medicine 
published the results of three large randomized trials 
that confirmed a lower incidence of recurrent ischemic 
stroke in patients who had percutaneously closed PFO 
(22-24). However, atrial fibrillation still occurred more 
frequently after closure.

In the REDUCE trial, which included 664 patients 
younger than 60 years with moderate to large right-to-
left shunts, after an average of 3.2 years of follow-up, 
ischemic stroke reoccurred in 1.4% of patients with per-
cutaneously closed PFO, and in 5.4% of patients treated 
with antiplatelet medication alone (p=0.002) (22). Atrial 
fibrillation occurred more often in the PFO group after 
closure.

After prolonged follow-up of 980 patients in the RE-
SPECT trial from mean of 2.1 years to 5.9 years, isch-
emic stroke reoccurred in 3.6% in the group with per-
cutaneously closed PFO, and in 5.8% in subjects treated 

with medication alone. The difference was statistically 
significant (p=0.046) (23).

The CLOSE trial compared the effectiveness of dif-
ferent treatments in patients with a concomitant atrial 
septal aneurysm or a large right-to-left shunt. A total 
of 663 patients under the age of 60 were included, who 
were followed for an average of 5.3 years. They were ran-
domized into three groups: a group with percutaneously 
closed PFO that received antiplatelet treatment, a group 
that received only anticoagulation therapy, and a group 
that received only antiplatelet treatment. In none of the 
238 patients with closed PFO did the ischemic stroke 
reoccur, whereas it occurred in 6.0% of patients treated 
with antiplatelet medication alone (p<0.001) (24).

Based on the aforementioned studies from 2017 and 
a subsequent meta-analyses, the updated guidelines 
have stated that in patients with defined ESUS, it makes 
sense to determine whether they have a PFO, and, in the 
absence of clear contraindications to close it, especially 
in patients with large shunts and convincing radiologi-
cally proven ischemic infarctions. At the same time, the 
secondary prevention of ischemic stroke by means of 
medication remains the basis of treatment in all patients 
with ESUS after the closure of PFO (10,22-28).

2.2 Migraine

2.2.1 What is a migraine?

A migraine is a chronic neurological disease char-
acterized by severe headaches with accompanying au-
tonomic symptoms and aura. It affects 8–13% of the 
adult population (29,30). Despite numerous studies, the 
pathophysiology of a migraine has not been fully elu-
cidated, so we do not currently have a medication that 
would completely cure patients. Migraine thus remains 
a chronic problem that greatly complicates the lives of 
many patients.

2.2.2 The role of patent foramen ovale in a 
migraine patient

Patients who have undergone PFO closure due to 
cryptogenic ischemic stroke or decompression illness 
prevention who have also had concomitant migraine, ob-
served a reduction in the number of migraine headaches 
and less intense headaches after closure. This was first 
described by Wilmhurst et al. in 2000 (31). Subsequent-
ly, a number of studies have found that PFO is present 
in 47–48% of migraine patients, in contrast to the rest 
of the population, where PFO is present in 17–20% (32). 
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Display of topographic characteristics of ischemic stroke: 

•	 CT or MRI of the head

Display of arteries in the brain, neck and chest: 

•	 Ultrasound of the carotid arteries
•	 CT angiography and/or MRI angiography
•	 Chest X-ray

Cardiac imaging: 

•	 transthoracic echocardiography

Diagnosing cardiac arrhythmias and myocardial ischemia: 

•	 ECG
•	 24-hour Holter monitoring (in case of normal ECG)

In addition, basic laboratory tests (biochemical blood tests, 
complete blood count, CRP, erythrocyte sedimentation rate, 
four-fraction lipidogram) are required to identify risk factors 
and to guide secondary prevention of ischemic stroke.

Table 1: Recommended standard diagnostic protocol for 
defining ESUS. Summarized after Hart RG, et al., 2014 (14).

The proposed linking mechanism is thought to be the 
passage of microemboli or vasoactive substances (e.g. 
serotonin) via PFO into the left part of the heart and into 
the brain, which is thought to cause migraine symptoms. 
This mechanism has never been proven.

2.2.3 The position of the profession regarding 
the patent foramen ovale closure in migraine 
patients

A 2008 MIST study compared PFO closure with a sh-
am procedure in migraine patients (33). Patients were 
followed for only 6 months and during this time there 
were no differences in the frequency of headaches be-
tween the two groups. In addition, a surprisingly high 
incidence of complications occurred in the group in 
which the closure device was inserted (6.8%). The MIST 
study therefore did not show any advantage of closing 
the PFO in migraine patients, but it was criticized main-
ly for the short duration of follow-up and the recruit-
ment of patients with a very severe form of migraine. 
Subsequently, a PREMIUM study was published in 2017 
with a longer duration of follow-up and a greater range 
of patients. Despite the changed patient selection and 
duration, this study also showed no efficacy of PFO clo-
sure in the treatment of migraine patients (34).

According to the studies performed so far, it is there-
fore considered that the closure of PFO is not an effec-
tive way to prevent or treat migraine.

2.3 Decompression illness

2.3.1 What is a decompression illness?

Decompression illness is caused by a drop in ambi-
ent air pressure and the formation of air bubbles in the 
blood. This phenomenon most often occurs when div-
ers rise from the depths. The clinical picture covers the 
whole spectrum from asymptomatic neurological events 
to stroke and spinal myelitis (35).

2.3.2 The role of patent foramen ovale in 
decompression illness

Studies have shown that divers with decompression 
illness were more likely to have PFO compared to the 
control group of divers (60% vs. 36%) (36). Although the 
difference was not statistically significant, it was believed 
to be a clinically relevant finding. Subsequent studies 
have shown that the size of the PFO is also important. 
In a larger PFO, the likelihood of serious decompression 

illness lasting more than 24 hours is higher (37).
With the growing popularity of recreational sport 

diving, the question arose as to whether it would make 
sense to close the PFO in all diver candidates. A 2009 
meta-analysis showed that the risk of decompression 
illness in divers with PFO was 4.23 (95% CI; 3.05–5.87) 
compared to those without it. Because the incidence of 
decompression illness is so low, the absolute risk even in 
patients with PFO is too low to justify routine testing for 
PFO or even its closure (38).

2.3.3. The position of the profession regarding 
patent foramen ovale closure in decompression 
illness

A prospective, non-randomized study published in 
2011 followed 104 recreational divers for more than 
5 years (39). Of these, 39 divers did not have PFO, 39 
divers had PFO, and 26 divers had PFO closed. In the 
groups without PFO, with closed PFO and without 
PFO closure, there were 1.1±2.6; 0.8±1.4, and 3.3±6.9 
ischemic brain changes during monitoring (p = 0.039). 
This is the only prospective study on this topic that con-
firmed the usefulness of the procedure in recreation-
al divers, but was unfortunately too small for definite 
conclusion.

The opinion of most experts is that it is advisable 
to test divers after they have had decompression illness 
and still want to dive. Closing a PFO is probably rea-
sonable for professional divers as well (10,15,28).

https://doi.org/10.6016/ZdravVestn.3153
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3 Indications for percutaneous patent 
foramen ovale closure

According to the relevant studies, percutaneous PFO 
closure is currently recommended:
•	 in patients with ESUS, younger than 60 years, after 

complete diagnostic workup. Medical secondary pre-
vention of ischemic stroke remains the cornerstone 
of treatment even after percutaneous closure of PFO.

•	 in professional divers (10,15,28).

Closure of the PFO is not indicated in patients with 
migraine and in recreational divers.

4 Stepwise diagnostic approach prior to 
patent foramen ovale closure

Diagnostic workup only applies in patients who are 
candidates for percutaneous closure, as is already an es-
tablished clinical practice in Slovenia (40,41).

4.1 Recommended investigations for 
diagnosing the presence and morphology of 
patent foramen ovale

In patients with ESUS (Table 1) (14) who are less than 
60 years old (in the elderly PFO closure is not considered, 

Figure 3: Transcranial Doppler Sonography with Valsalva manoeuvre.
(A) The subject has ultrasound (US) probes on her head over both middle cerebral arteries (MCA). The blood velocity curve 
through the right and left MCA is seen on the screen to the right. An ultrasound contrast agent is injected into the canal on the 
left elbow vein first at rest. (B) Contrast agent injection during the execution of the Valsalva manoeuvre. In the blood velocity 
curve through both MCAs, individual signals of the contrast - emboli - are detected. Contrast injected to the peripheral vein 
passed from the right atrium via PFO to the left atrium and subsequently to both MCAs. (C) Performing a Valsalva manoeuvre 
under the control of a manometer on the right. (D) Large amounts of emboli (or large amounts of contrast) in both MCAs during 
the Valsalva manoeuvre is evidence of a right-left shunt. Image is from authors’ own archive.
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so diagnosing PFO is not indicated), the diagnostic algo-
rithm should include the following investigations:
•	 transcranial Doppler sonography (TCD) with Valsal-

va manoeuvre,
•	 transthoracic echocardiography (TTE),
•	 transoesophageal echocardiography (TEE).

The first examination performed in patients with sus-
pected PFO is transcranial Doppler sonography (TCD) 
(42). When using a probe through the transtemporal 
bone window, we monitor the rate of blood flow in the 
middle cerebral artery before and after injecting the con-
trast agent into the cubital vein. If a right-to-left shunt 
is present, microbubbles enter the cerebral circulation 

and a typical microembolic signal is detected. The ex-
amination is performed in basal conditions and when 
performing the Valsalva manoeuvre, which increases its 
sensitivity (Figure 3) (42).

Due to its high sensitivity (94%) and specifici-
ty (96%), TCD with contrast is an excellent screening 
method for suspected PFO. Because it is non-invasive, it 
has an advantage over TEE and its disadvantage is that it 
can only confirm the presence of a right-left shunt, but 
we cannot show the location of the contrast transition. 
Thus, we cannot reliably distinguish whether it is a shunt 
at the level of the heart or the pulmonary circulation. 
Echocardiography helps us here (42).

Echocardiography is the basic diagnostic method for 
detecting PFO. Transthoracic echocardiography (TTE) 
is important in patients with ischemic stroke mainly to 
exclude possible cardiac causes of ischemic stroke (e.g. 
mitral stenosis, myxoma, endocarditis,…), but does not 
allow accurate anatomical visualisation of PFO. With 
contrast TTE, using agitated saline, we can confirm the 
transition of contrast bubbles from the right to the left 
atrium, therefore right-to-left shunt, while a more precise 
evaluation of PFO with TTE is not possible. The investi-
gation is less sensitive than TEE detecting PFO (around 
55%), although very specific (up to 100%) (42,43).

Contrast transoesophageal echocardiography (TEE) 
is the most sensitive (94%) and specific (96%) method 
for diagnosing PFO (42,43). TEE not only confirms the 
presence of PFO, but also shows its anatomy, size and 
shape, and any additional structures such as atrial sep-
tal aneurysm (Figure 4 A), additional perforations, Eu-
stachian valve (Figure 4 B), and Chiari network, which 
TTE and TCD do not enable. During TEE, left atrial ap-
pendage is screened to exlude thrombi. The examination 

is semi-invasive, therefore it is performed only when 
indicated.

In contrast TEE, agitated saline is used and injected 
in the cubital vein. The transition of microbubbles from 
the right to the left atrium in the first 3–5 cardiac cycles 
after injection confirms PFO. The transition of bubbles 
after 5 cardiac cycles is characteristic of the shunt at the 
level of pulmonary circulation in arteriovenous malfor-
mations and not of PFO. The test is performed first un-
der basal conditions and then during the Valsalva ma-
noeuvre, which temporarily increases the right-to-left 

Figure 4: Transoesophageal echocardiography (TEE). TEE shows the patent foramen ovale (PFO), its size and associated 
structures such as (A) atrial septal aneurysm (ASA) and (B) Eustachian valve (EV).
Legend: AoZ – aortic valve, DA – right atrium, LA – left atrium, PP – atrial septum.
Image is from authors’ own archive.

shunt (Figure 5) and improves the sensitivity of the test. 
Inadequate manoeuvre may be the cause of a false nega-
tive result. TEE is the only test that can show the location 
of the PFO. Based on the number of contrast bubbles 
that pass from the right to the left atrium and that are 
shown in the image at the same time, we can estimate the 
size and significance of the PFO. In the transition of up 
to 5 bubbles, the shunt is defined as small, as moderate 
in 5–25 bubbles, and in more than 25 bubbles as a large 
shunt (43-46). The definition is arbitrary and is not gen-
erally accepted.

Figure 5: Contrast transoesophageal echocardiography 
(TEE). Contrast TEE shows the transition of contrast 
from right atrium (DA) to left atrium (LA) during Valsalva 
manoeuvre - right-to-left shunt.
Legend: AoZ – aortic valve, PFO – patent foramen ovale, PP – 
atrial septum.
Image is from authors’ own archive.

Figure 6: Proposed diagnostic algorithm for PFO closure in a patient with cryptogenic ischemic stroke **.
* Standard diagnostic treatment includes CT (MRI) of the head, CT (MRI) angiography, TTE, classic ECG (24-hour Holter 
monitoring), chest radiograph, and basic laboratory tests. Tests of haemostasis tests and rheumatologic tests are also required.
** Proposal submitted by the authors, based on the references given in the article.
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is semi-invasive, therefore it is performed only when 
indicated.

In contrast TEE, agitated saline is used and injected 
in the cubital vein. The transition of microbubbles from 
the right to the left atrium in the first 3–5 cardiac cycles 
after injection confirms PFO. The transition of bubbles 
after 5 cardiac cycles is characteristic of the shunt at the 
level of pulmonary circulation in arteriovenous malfor-
mations and not of PFO. The test is performed first un-
der basal conditions and then during the Valsalva ma-
noeuvre, which temporarily increases the right-to-left 

Figure 4: Transoesophageal echocardiography (TEE). TEE shows the patent foramen ovale (PFO), its size and associated 
structures such as (A) atrial septal aneurysm (ASA) and (B) Eustachian valve (EV).
Legend: AoZ – aortic valve, DA – right atrium, LA – left atrium, PP – atrial septum.
Image is from authors’ own archive.

shunt (Figure 5) and improves the sensitivity of the test. 
Inadequate manoeuvre may be the cause of a false nega-
tive result. TEE is the only test that can show the location 
of the PFO. Based on the number of contrast bubbles 
that pass from the right to the left atrium and that are 
shown in the image at the same time, we can estimate the 
size and significance of the PFO. In the transition of up 
to 5 bubbles, the shunt is defined as small, as moderate 
in 5–25 bubbles, and in more than 25 bubbles as a large 
shunt (43-46). The definition is arbitrary and is not gen-
erally accepted.

Figure 5: Contrast transoesophageal echocardiography 
(TEE). Contrast TEE shows the transition of contrast 
from right atrium (DA) to left atrium (LA) during Valsalva 
manoeuvre - right-to-left shunt.
Legend: AoZ – aortic valve, PFO – patent foramen ovale, PP – 
atrial septum.
Image is from authors’ own archive.
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* Standard diagnostic treatment includes CT (MRI) of the head, CT (MRI) angiography, TTE, classic ECG (24-hour Holter 
monitoring), chest radiograph, and basic laboratory tests. Tests of haemostasis tests and rheumatologic tests are also required.
** Proposal submitted by the authors, based on the references given in the article.
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When diagnosing cryptogenic ischemic stroke, con-
trast TEE is indicated after contrast TCD and TTE ex-
amination in candidates for percutaneous closure of 
PFO; when the diagnosis of PFO is unclear or a possible 
other cause of ischemic stroke is sought; in high-risk 
PFO, especially in recurrent ischemic stroke, and in pa-
tients with atrial septal aneurysm or with a large shunt 
on TCD. When the TTE and/or TCD are negative, the 
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PFO is a common finding in patients with various 
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ing on the treatment of PFO, we therefore suggest that 
all patients with an indication for percutaneous PFO 
closure should be referred to a council consisting of 
a vascular neurologist and a cardiologist specializ-
ing in this field and, if necessary, an interventional 
cardiologist. Based on the diagnostic algorithm, the 
decision on the most appropriate treatment is made 
(Figure 6). A prerequisite for diagnostic treatment is 

that there is an indication for closure of PFO.

5 Conclusion

PFO is a common finding that occurs in about 25% 
of the general population. Due to an atrial right-to-left 
shunt, it may represent a mechanism for an embol-
ic ischemic stroke. After accurate stepwise diagnosis 
of ischemic stroke and exclusion of other alternative 
causes of ischemic stroke, percutaneous closure of 
PFO can be indicated in patients with ESUS who are 
younger than 60 years. Patients with an indication for 
PFO closure should be discussed at the PFO council, 
thus ensuring uniform treatment according to expert 
recommendations. Prior to the procedure, the benefits 
and risks of the procedure must be discussed with the 
patient. Regardless of the PFO closure performed, life-
long secondary medical prevention must be continued.
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