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AB STR ACT  

IN T R O D U C T IO N :  Cardio-vascular anomalies, including patent foramen ovale, are the cause of 40% of cryptogenic 

strokes. Patent foramen ovale is a heart malformation which does not show clinical symptoms. It is recognisable 

in young patients with stroke (younger than 55 years old), if there is no other cause of stroke. 

A IM :  The purpose of the study was to assess the incidence of patent foramen ovale in a group of young patients suffer-

ing a stroke before 55 years of age with migraine headaches. 

M E T H O D S :  The research included 50 stroke patients younger than 55 (average age of 48, 21 females, 29 males). 

The patients were treated from 1 January 2012 to 31 December 2012 in the Stroke Unit of the Neurological Ward. 

The medical histories were analysed and the data including sex, age, the symptoms during admission to the ward, the 

results of the diagnostic tests that were performed and the applied therapy. 

R E S U L TS :  In the study group of young, stroke patients before 55 years of age, patent foramen ovale was recognized in 

16% of the patients. The PFO incidence was especially high (83%) in young stroke patients with migraine headaches, 

representing 12% of the whole study group. 

C O N C L U S IO N S :  The frequent occurrence of patent foramen ovale should lead to taking appropriate prophylactic 

measures using diagnostic echocardiography, especially in patients with migraine headaches and for example in bal-

ance tests for the young. 

KEY WO RDS  

patent foramen ovale, stroke, migraine headache, prevention 

STR E SZCZ ENI E  

W S T Ę P :  Anomalie sercowo-naczyniowe, w tym przetrwały otwór owalny, są przyczyną 40% udarów kryptogennych. 

Przetrwały otwór owalny jest wadą serca, które zwykle nie daje objawów klinicznych. Jest rozpoznawalny u młodych 

udarowych pacjentów (przed 55 rokiem życia – r.ż.) przy braku innych przyczyn udaru mózgu. Celem pracy była 

ocena częstości występowania przetrwałego otworu owalnego w grupie młodych pacjentów z udarem przed 55 r.ż. 

z migrenowymi bólami głowy. 
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M A T E R IA Ł  I  M E T O D Y :  Badaniami objęto 50 młodych, udarowych pacjentów przed 55 r.ż. (średnia wieku 48, ♀: 21, 

♂: 29). Pacjenci byli hospitalizowani w okresie od 1 stycznia 2012 do 31 grudnia 2012 roku w pododdziale udarowym 

na oddziale neurologicznym. Analizowano historie chorób, uzyskując dane odnośnie do płci, wieku, objawów przy 

przyjęciu, wyników przeprowadzonych badań diagnostycznych oraz zastosowanej terapii. 

W Y N IK I :  W badanej grupie młodych udarowych pacjentów (przed 55 r.ż.) przetrwały otwór owalny był stwierdzony 

u 16% pacjentów. Częstość występowania PFO była szczególnie wysoka (83%) w grupie młodych udarowych pacjen-

tów z migrenowymi bólami głowy, stanowiącej 12% całej grupy badanej. 

W N IO S K I :  Częste występowanie przetrwałego otworu owalnego, jako jedynej zidentyfikowanej przyczyny udaru mó-

zgu u młodych pacjentów przed 55 r.ż., skłania do podjęcia odpowiednich działań profilaktycznych z diagnostyką 

echokardiograficzną, szczególnie u osób z migrenowymi bólami głowy i np. w czasie badań bilansowych u młodzieży. 

SŁOW A KL UCZOWE  

Przetrwały otwór owalny, udar mózgu, migrena, ból głowy 

 

INTRODUCTION  

Cardio-vascular anomalies, including patent foramen 

ovale, are the cause of 40% of cryptogenic strokes. 

Patent foramen ovale is a primary, acyanotic leakage 

heart malformation, which does not show clinical 

symptoms. It is recognisable in young patients who 

have undergone a stroke (younger than 55 years old), 

if there is no other cause of stroke [1]. PFO is defined 

as an incomplete fusion of an oval bottom flabby 

valve with the atrial septum seam [10]. 

In most cases, a PFO will remain asymptomatic for 

life. Patent foramen ovale as an anatomic entity was 

first described in 1564 by Leonardi Botallo, an Italian 

surgeon working at the French royal court [2]. How-

ever, since the initial link of a fatal stroke in a young 

woman with PFO in Cohnheim in 1877, PFO has been 

increasingly recognized as a potential mediator of 

systemic embolism [3]. 

The role of patent foramen ovale as a potential cause 

of stroke has been a subject of increasing controversy 

since 1988. That year, the first of many case-control 

studies that described an increased prevalence of PFO 

in patients with cryptogenic stroke were conducted [4]. 

According to the research conducted by the American 

College of Cardiology Foundation in 2010, the occur-

rence of PFO in the world is estimated at 20% to 35% 

of the population (which means that one person in five 

has the heart malformation) [5] and its appearance 

decreases with age. The prevalence of PFO has been 

described as similar across different race-ethnic 

groups [6]. 

Physiologically, patent foramen ovale occurs in fetal 

life and is located in the septum. It is a channel allow-

ing maternally oxygenated venous blood to pass from 

the right atrium to the left one, thus bypassing pulmo-

nary circulation [4]. Closure takes place just after birth 

and it should close completely within the first year of 

life. Patent foramen ovate (PFO) is a connection be-

tween the right and left atria that is present in approx 

imately 25% of the adult population [7] with a similar 

prevalence in both sexes [8]. 

How then does PFO contribute to stroke? 

Now, when in the right atrium there is some embolic 

material (a thrombus or air- in decompression acci-

dents [8]), it may get through the foramen ovale into 

the left atrium. Then under the influence of atrial con-

traction it moves to the left ventricle and later the 

embolic material goes to the aortic arch, where it en-

ters the common carotid artery causing cerebral 

stroke. The most common pathogenesis of stroke in 

this case is based on the occurrence of a paradoxical 

embolism to the central nervous system [9] and is 

associated with migraine, vascular headache and 

platypnea-orthodeoxia syndrome [8]. 

Risk factors of the first and further strokes in patients 

with PFO: 

‒ Age < 55 years 

‒ Recurrent ischemic events 

‒ multiple ischemic lesions in brain imaging studies 

‒ stroke associated with the attempt of Valsalva 

‒ large foramen ovale 

‒ a large right-to-left leakage in TEE study during 

provocation tests 

‒ concomitant septal aneurysm (ASA) [20]. 

Increasingly, the scientific literature discusses the rela-

tionship between the existence of patent foramen ovale 

and the occurrence of a migraine attack. The existenence 

of PFO is much more common in patients with mi-

graine with aura. Such a relationship is not observed in 

patients with migraines without aura [11]. Patent fo-

ramen ovale (PFO) is more common in patients who 

are diagnosed having migraine with aura than in the 

general population. PFO is present in about 40% 

to 60% of people who have migraine with aura com-

pared with 20% to 30% of the general population [20]. 

According to the latest scientific findings, in one study 

active patent foramen ovale was found in 48% 

of patients suffering from migraine with aura and 23% 

of patients with migraine without aura [21]. However, 

in another study, the existence of a PFO was found 

in 53% of patients with migraine with aura and in 25% 

of patients with migraine without aura and patients 

in the control group [23]. PFO may be the cause 

of migraine with aura when a paradoxical embolism 

goes through the PFO, triggering a transient ischemic 

attack and focal neurological signs as well as symp-
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toms of migraine aura occur [22]. It was observed, 

however, that for some patients with migraine, PFO 

does not increase the risk of clinically silent lesions 

of white brain matter damage [24]. 

DIAGNOSTICS AND TREATMENT  

In young patients with ischemic stroke, there is a need 

to broaden the scope of diagnostic tests because of 

a greater likelihood of non-atherosclerotic reasons 

[21]. So who should be targeted for diagnosis to detect 

PFO? 

‒ persons < 65 years of age,  

‒ patients with a history of cerebral infarction 

or cerebral ischemic event,  

‒ patients with migraine (especially with aura), 

‒ patients with vascular damage to the brain, con-

firmed by imaging studies (CT, MRI head), with-

out risk factors for embolic-thrombophlebitis (hy-

pertension, diabetes, atrial fibrillation) [20]. 

The most important diagnostic test for the detection 

of PFO is transthoracic echocardiography used in 

children and transesophageal echocardiography used 

in adults. PFOs with active right-to-left shunts can 

be detected with transesophageal echocardiography 

(TEE), transthoracic echocardiography (TTE), or 

transcranial Doppler ultrasound (TCD). PFOs are 

detected by TEE in three ways: colour flow Doppler 

detects abnormal flow across the PFO; omniplane 

transducers permit direct B-mode visualization of the 

separation of the septum primum and septum secun-

dum; and functional evidence of a PFO is provided by 

early passage of injected, aerated isotonic saline mi-

crobubbles from the right-to-left atrial chambers. 

In the first phase the construction of the atruim septum 

is assessed. Then the antecubital vein administration 

of a "contrast", prepared immediately before use by 

mixing 9 ml of 0.9% NaCl with 1 ml of air between 

two syringes. Each patient does a Valsalva maneuver 

before contrast administration to assess his ability to 

properly implement it. Going The passage of contrast 

is evaluated before, during and after the Valsalva 

maneuver [20]. The Valsalva maneuver (VM) in-

volves making a forced expiration against a closed 

glottis. During VM, the pressure in the chest increas-

es, causing numerous hemodynamic changes and 

intiating multiple impulses from the autonomic nerv-

ous system. This maneuver was used for the first time 

by the Italian anatomist Antonio Valsalva to open and 

unblock the Eustachian tube in patients with blocked 

drainage from the middle ear (e.g. due to inflamma-

tion). The Valsalva maneuver is physiologically per-

formed during static efforts for example, when lifting 

heavy weights, straining in childbirth, defecation 

or blowing on musical instruments [20]. 

The test result is described using a scale of 0–3, where 

0 means no passage of contrast bubbles to the left 

atrium, 1 – a few bubbles of contrast pass, 3 – passage 

of clouds of bubbles, while 2 is an intermediate value 

between 1 and 3. Patients with a positive TEE test 

result demonstrating the existence of a right–left 

shunting of blood when assessing the indications are 

sent for percutaneous ASD closure. 

TEE has the sensitivity of 89% and specificity 

of 100% in detecting PFOs compared with autopsy 

diagnosis and remains the preferred test if tolerated 

by patients because it allows for direct visualization 

of the PFO and exploration of additional atrial and 

aortic emboli sources such as ASA (atrial septal aneu-

rysm) and aortic arch atherosclerosis [10]. 

Transcranial Doppler ultrasonography (TCD) is a test 

performed in the Doppler laboratory. One of the veins 

of the forearm is punctured in order to set venipunc-

ture. Contrast is conducted immediately before testing. 

9 ml formed by mixing saline and 1 ml of air in two 

syringes are connected by a tap. The test is performed 

in the supine position with the patient on his back 

[20]. 

Using 2 MHz probes applied to the surface of the skull 

in the vicinity of the temporal lobes, flow is monitored 

in the cerebral arteries – most commonly the middle 

cerebral arteries. After obtaining the blood flow in the 

selected vessel using special software, the registration 

embolic signals proceeds. A bolus injection contrast 

(shaken saline) is given by intravenous line, and then 

the patient is asked to perform the Valsalva maneuver 

and the number of embolism signals during rest and 

for about two minutes after the Valsalva maneuver 

is observed [20]. 

The test result can be positive – a current signals 

a cerebral embolism, or negative – no signs of cerebral 

embolism. In the event of a questionable test result the 

test is repeated. Patients with a positive test result  

c–TCD proving the existence of a right–left shunting 

of blood, are sent for further cardiological diagnostics 

[25]. 

Currently, there are no clear standards of behavior 

in patients with PFO after ischemic stroke. 

The treatment, which reduces the risk of another 

stroke, involves the administration of antiplatelet 

agents, oral anticoagulants (conservative treatment) 

and by operational closure of the PFO. 

The treatment offered to patients with PFO depends 

on the symptoms that accompany them (e.g. migraine 

headaches), and from a history of ischemic events 

in an interview. 

The treatment options include conservative treatment 

with an antiplatelet and anticoagulant. 

Antiplatelet and anticoagulant therapy are used to 

reduce the formation of blood clots and venous embo-

lization when closing septal defects, surgically or by 

an endovascular device that is designed to eliminate 
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embolic particles that could enter the arterial system 

[2]. 

Patients diagnosed with other structural heart defects 

who had experienced an ischemic event or there is 

lack of consent of the patient for anticoagulant thera-

py, are proposed operations are proposed: surgical and 

percutaneous PFO closure, which is a safe and effec-

tive method [26]. 

Percutaneous PFO closure has replaced surgical clo-

sure and constitutes an alternative treatment. This 

eliminates the path to a paradoxical embolism and  

can therefore bypass the need for long-term anticoagu-

lant therapy. It is worth noting that it is associated 

with a low periprocedural risk , but a significant ex-

pense [3]. 

The indications currently approved for percutaneous 

closure are recurrent strokes, the orthodeoxia syn-

drome and decompression sickness in divers [6]. 

For percutaneous coronary intervention, according 

to the latest reports, clasps are used: CardioSeal, Am-

platzer septal STARFLEX or an occluder. Implanta-

tion is done under fluoroscopy and transesophageal 

or intracardiac echocardiography. 

MATERIALS AND METHOD OLOGY 

The research included 50 stroke patients younger than 

55 (average age of 48, ♀: 21, ♂: 29). The patients 

were treated from 1
st
 January 2012 to 31

st
 December 

2012 in the Stroke Unit of the Neurological Ward. The 

medical histories were analysed and the data including 

sex, age, the symptoms during admission to the ward, 

the results of the diagnostic tests that were performed 

and the applied therapy. 

On the basis of the collected data and consultations 

with the medical team, a summary of clinical observa-

tions, a clinical observation of a test group with PFO 

and one without PFO were formed. 

For the whole study group, such inclusion and exclu-

sion criteria apply. 

The inclusion criteria for the study group was: 

‒ Age < 55 years 

‒ Hospitalization in the Stroke Unit of the Neurolog-

ical Ward 

‒ Clinical signs of stroke (hemiparesis/hemiplegia, 

sudden numbness and weakness of the muscles 

of the face and extremities, speech disturbances 

of a type of aphasia, blurred vision, headache, nau-

sea and vomiting) 

‒ Hemorrhagic stroke excluded in the examination 

with computed tomography (CT) 

‒ Specialized examination conducted: ultrasound 

Doppler, transthoracic echocardiography (TTE) 

and transesophageal (TEE) 

The exclusion criteria for the study group: 

‒ Age > 55 years 

‒ No clinical signs of stroke 

‒ Hemorrhagic stroke in the examination with com-

puted tomography (CT) 

‒ Lack of specialized examination: ultrasound Dop-

pler transthoracic, echocardiography (TTE) or 

transesophageal (TEE) 

RESULTS 

The study included 50 patients, including 21 women 

(42%) and 29 men (58%) Tables I, II. 
 

Table I. Clinical observation test group with PFO and without PFO 
Tabela I. Obserwacja kliniczna badanej grupy z PFO i  bez PFO 

 

 
Total Cohort  

(n = 50) 
PFO-Positive  

(n = 8) 
PFO-Negative 

          (n = 42) 

Age (median) 
Occurrence of at least a second stroke  

47.1 
10 (20%) 

45.2 
0 

47.5 
10 (23.8%) 

Sex    

   Female 21 (42%) 5 (62,5%) 16 (38%) 

   Male 29 (58%) 3 (37.5%) 26 (62%) 

Hypertension 20 (40%) 1 (12.5%) 19 (45.2%) 

Migraine headaches with visual aura 6 (12%) 5 (62.5%) 1 (4.2%) 

Atherosclerosis 7 (14%) 0 7 (16.6%) 

Diabetes 4 (8%) 0 4 (9.5%) 

Epilepsy 6 (12%) 0 6 (14.2%) 

Addictions (alcoholism, smoking) 9 (18%) 0 9 (21.4%) 

Contraceptives 3 (6%) 1 (12.5%) 2 (4.7%) 
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Table II. Summary of clinical observations 
Tabela II. Zbiorczy arkusz klinicznej obserwacji 

 

Research Patients with PFO 
Patients with other causes  

of cryptogenic stroke 

Interview  no deviation from norm family responsibilities, addictions 

Neurological examination strong headache, migraine, slight weakness, 
without aphasia most common hemiparesis, 
aphasia 

Research laboratory  correct incorrect 

EKG; Holter correct record abnormal in 20% 

RTG thorax correct incorrect 

TTE, TEE, with contrast- diagnostic with PFO current leakage lack of leakage 

USG Doppler  current leakage lack of leakage 

   
 

 
 

Fig. 1. Percentage distribution of symptoms reported at time of admission. 
Ryc. 1. Rozkład procentowy objawów zgłaszanych w chwili przyjęcia 

 

While analyzing the nature of the symptoms associat-

ed during admission to the ward, it was found that the 

largest group of symptoms were slurred speech, pre-

sent in 38% of patients of this group while right-sided 

facial numbness occurred the least frequently, in only 

2% of patients, Fig. 1. 

In the group, 10 patients (20%) had ischemic stroke 

for the second time. In these patients there was a pa-

tent foramen ovale. 

During hospitalization, all the patients of the study 

group performed both transthoracic echocardiography 

(TTE) and transesophageal echocardiography (TEE), 

which confirmed the existence of patent foramen 

ovale in 8 patients (16%). 

6 patients (12%) at the time of admission reported 

symptoms of migraine with aura. In the group of pa-

tients with migraine headache, in 5 patients (83%) 

a patent foramen ovale during hospitalization was 

diagnosed. 

DISCUSSION  

Patent foramen ovale (PFO) is often the only diag-

nosed cause of cryptogenic stroke in young patients 

under 55 years of age [12,13]. 

The literature reports that in the group of 264 patients 

at the age of 55 years or less after cryptogenic stroke, 

PFO was found in 17% of patients [12]. In a similar 

age group of 394 young patients with cryptogenic 

stroke, PFO was discovered in as many as 45% of the 

whole study group by means of standard diagnostic 

techniques [13]. In my research PFO was present 

in 16% of the patients in the study group. 

According to current standards, secondary prevention 

of cerebrovascular events – consists in the closure 

of patent foramen ovale (PFO) only after a second 

cryptogenic stroke despite drug treatment (anticoagu-
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lant and antiplatelet) [6]. The recurrence of acute 

ischemic cerebrovascular syndrome is an indication 

for the closure of patent foramen ovale, and the effects 

of treatment on the basis of multi-center clinical trials 

are satisfactory and prevent a further stroke [14]. 

Potential benefits of PFO closure is questionable. 

Proponents suggest that the mechanical closure 

of persistent foramen ovale (PFO) is the best method 

of preventing the recurrence of stroke [18]. The likeli-

hood of stroke recurrence after percutaneous closure 

of patent foramen oval (PFO) after 4 years is 7.8% 

and the literature reports the incidence of recurrent 

events was lower (0.5% per year) in patients after 

the closure of PFO than in medically treated patients 

(2.9% per year) [11]. The low recurrence rate of stroke 

after percutaneous placement of fasteners suggests 

greater benefits from the closure of patent foramen 

ovale compared with conservative treatment [15]. 

The opponents of the operational closure of patent 

foramen ovale suggest that optimal protection against 

recurrent stroke is antiplatelet therapy [16, 19]. Ac-

cording to the Guidelines of the Expert Group of the 

Section of Vascular Diseases of the Polish Neurologi-

cal Society, there is are no data enabling the making 

of recommendations concerning the indications for 

PFO closure in patients after stroke [19]. 

The U.S. Food and Drug Administration (FDA) indi-

cates the possibility of serious complications after the 

percutaneous closure of PFO (air embolism, tension 

pneumothorax, retroperitoneal bleeding, embolization 

of the occluder or atrial perforation), which has been 

observed in approximately 1% of patients [6]. 

However, the results of recent randomized trials have 

shown that percutaneous PFO closure for secondary 

prevention of cryptogenic stroke does not result in 

a significant reduction in the risk of recurrent ischemic 

events or embolic events compared with conservative 

treatment [27,28,29,30]. 

The presence of PFO in divers may increase the risk 

of decompression sickness (DCS). According to 

Hrynkiewicz-Szymanska et al, the presence of PFO in 

this group increases the risk of severe symptoms of 

decompression sickness [17]. People diving with PFO 

have a 4.5 times greater risk of decompression sick-

ness and a two-fold higher risk of ischemic stroke 

compared with divers without a patent foramen ovale. 

In divers with PFO after a cerebral incident, it is rec-

ommended to discontinue diving [17], because the 

moment you try to dive corresponds to the mechanism 

of Valsalva, which may produce a paradoxical embo-

lism and lead to stroke [18]. 

Given such a high incidence of PFO, as the only iden-

tified cause of stroke in young patients under 55 years 

of age, doctors should take appropriate preventive 

measures of diagnostic echocardiography, especially 

in patients with migraine headaches and for example 

in balance tests in the young. 

CONCLUSIONS  

In the study group of young stroke patients before 

55 years of age, patent foramen ovale was recognized 

in 16% of the patients. PFO incidence was especially 

high (83%) in young, stroke patients with a migraine 

headache, representing 12% of the whole study group. 

The frequent occurrence of patent foramen ovale 

should lead to taking appropriate prophylactic 

measures with diagnostic echocardiography, especial-

ly in patients with migraine headaches and for exam-

ple in balance tests for the young. 
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