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PATENT FORAMEN OVALE AND ISCHAEMIC STROKE IN YOUNG
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Objective: Ischaemic stroke is the most common type of stroke. One of the risk factors is patent foramen ovale (PFO), which
is normally open in parallel intrauterine circulation and represents the right-to-left flow (shunt), and is closed by the septum
primum tissue or persists after establishment of postpartum circulation. If it does not close at the end of the first year, it is called
atrial septal defect (ASD) and represents left-to-right flow in circulation. This defect remains open with varying degrees of left-
to-right flow in some patients. It is thought to be present in about 50% of young patients who experience ischaemic stroke. It
is caused by the mechanism of paradoxical embolization, but by the right-to-left flow. The factors affecting the likelihood of
stroke in these patients are as follows: PFO size, increase in the right atrial pressure due to various factors that may transiently
cause right-to-left flow, or even open virtually closed fossa ovalis. A possible concomitant aneurysm of the interatrial septum
at the level of fossa ovalis has a special place in the development of paradoxical embolism. The accompanying factors that
increase the likelihood of ischaemic stroke in patients with PFO are severe physical exertion, agitation, pulmonary hypertension,
immobilisation, pregnancy, and congenital or acquired coagulation disorders. Methods: This retrospective study was based
on the analysis of patients aged 18-49 years hospitalised due to ischaemic stroke at the Maribor University Medical Centre in
the period from 2010 to 2019 inclusive. Differences between the 2 groups were analysed. Group 1 consisted of patients with
proven PFO and group 2 of patients in whom no right-to-left flow was demonstrated. The results of the research were analysed
by JASP 0.14.1. and IBM SPSS Statistics 28 software. The level of statistical significance was set at p<0.05. Results: This
study included 196 patients with 198 ischaemic stroke events. PFO was present in 23 (11.7%) patients. Arterial hypertension
was more common in group 2 patients (17.4% vs. 53.2%, p<0.05). Group 1 patients were significantly younger than group 2
patients (36.478 (7.223) vs. 42.214 (7.043) years, p<0.05). Disease outcome was more favourable in group 1 as compared with
group 2 patients (1.000 (0.603) vs. 1.728 (1.574), p<0.05). Conclusions: Persistent foramen ovale is a more common cause of
ischaemic stroke in younger people and plays a key role in this age group. Arterial hypertension is probably a more common
cause of ischaemic stroke in elderly patients. The outcome of the disease is more favourable in the group of patients with PFO.
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INTRODUCTION

Ischaemic stroke (IS) is the most common type of
stroke. It accounts for 71% of all strokes. It is one of
the most common causes of death and disability (1).
Ischaemic stroke in young adults is usually defined
as an IS which occurs in adults aged between 18 and
50 years. Some studies include patients aged up to 55
years. It occurs in 7-8/100,000 people in Europe and
up to 100/100,000 people in Sub-Saharan Africa. Even

though IS in young adults is not as common as in old-
er population, it still represents 10%-18% of all IS cas-
es (2-4). The incidence of IS in young adults continues
to increase in higher-income countries (5).

Although patients may have different causes of IS, the
cause still remains undetermined in 40% of cases (6,7).
These cases are referred to as cryptogenic stroke. In
these patients, it is important to pursue a stroke mech-
anism to be able to choose an improved therapy op-
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tion in order to reduce the stroke recurrence risk (8).
Most cryptogenic strokes appear to be embolic, thus
the term embolic stroke of undetermined source (9).

Atrial septumis formed during embryogenesis by two
membranes growing from the atrial walls, leaving
an oval shaped fenestration (foramen ovale), which
serves as a right-to-left shunt in the foetal circulation.
It is sealed during the first year of life by fusion of
both membranes. The failure of this process leads to
an interatrial slit-like channel, called patent foramen
ovale (PFO) (10). It is present in 20%-30% of gener-
al population. Studies report that the percentages of
PFO presence tend to be even higher in people with
cryptogenic IS (11,12). Some report that the percent-
age could be near 50% in young patients (12). In these
cases, IS occurs as a consequence of paradoxical em-
bolization. Criteria for paradoxical embolization in-
clude proven arterial infarction, absence of embolus in
left heart, proof of venous thrombosis or pulmonary
embolism, and right-to-left shunt (11,12). The occur-
rence of IS may be influenced by PFO size, shunt flow,
tunnel length and PFO accompanied by atrial septum
aneurysm. Accompanying factors that increase the
probability of IS in patients with PFO are immobiliza-
tion, pregnancy, congenital and acquired hypercoagu-
lable conditions (6,13). PFO has also been associated
withrecurrent IS cases (5).

Although most of the times PFO does not cause any
problems, it has been associated with cryptogenic
stroke, migraine, peripheral embolism, and Alzhei-
mer’s dementia (10). On the other hand, many cases of
PFO in patients with IS also represent incidental find-
ings and are not the cause of the event (14).

Considering PFO treatment, most studies imply that
PFO closure on its own does not affect the prevalence of
recurrent stroke (15,16). Other studies report that PFO
closure in addition to medical therapy appears to be
cost-effective compared to medical therapy alone (17).

AIM

The study was conducted to determine the incidence
of PFO in young adults who had suffered an IS and to
compare risk factors for stroke in patients with this heart
malformation to risk factors of patients without PFO.

METHODS

This retrospective study was based on data on all pa-
tients who were hospitalised at the Maribor University
Medical Centre due to IS during the period from 2010
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and 2019 inclusive. Included patients were aged 18-49
inclusive at the time of the event. If a single person
suffered more than one stroke event in the monitor-
ing time, the second event was considered as a relapse.
Individuals who did not meet the time or age inter-
val criteria were excluded. Patients who suffered other
types of strokes, e.g., haemorrhagic stroke or venous
sinus thrombosis, or were hospitalised due to other
causes, were also excluded.

The study was approved by the Ethics Committee of
the Maribor University Medical Centre in Maribor,
Slovenia (UKC-MB-KME-45/21).

In this study, we compared characteristics of patients
with proven PFO (group 1) with characteristics of pa-
tient group without it (group 2). Only patients with
a sonographically confirmed PFO or PFO history
were included in group 1.Patients with PFO had it
confirmed with transoesophageal echocardiogra-
phy (TEE). Echocardiography was performed either
during hospitalisation or on an outpatient basis after
discharge but noted in the discharge letter.

Data were obtained from the MEDIS hospital data-
base. Alongside the information on PFO, the data
contained information on patient gender, age, location
of the lesion according to circulation, year of hospi-
talisation, duration of hospitalisation, relapse, Na-
tional Institutes of Health Stroke Scale (NIHSS) score
at admission, NIHSS score at discharge, difference
between both scores, modified Rankin Scale (mRS)
score (measured at discharge), and risk factors for
ischaemic stroke, such as family history, obesity, expe-
rience of transient ischaemic attack (TIA), arterial hy-
pertension, diabetes mellitus and HbAlc, dyslipidae-
mia, migraine, malignant disease, infection, alcohol
use, smoking cigarettes, illicit drug abuse, pregnan-
cy, hormonal therapy, immunosuppressive therapy,
immunoglobulin therapy, Down syndrome, Marfan
syndrome, morphological heart abnormalities (heart
or ascending aorta aneurysm, myxoma, heart valve
changes, heart hypertrophy, heart dilatation), heart
congestion, heart rhythm disorders, increased value
of homocysteine, decreased values of vitamins D and
B12, folates, protein C, protein S, factor V Leiden mu-
tation, prothrombin gene mutation, presence of anti-
bodies (anti-b2GPI-IgG,anti-b2GPI-IgM, anti-b2G-
PI-IgA, anti-cardiolipin-IgG, anti-cardiolipin-IgM,
cryoglobulins, myeloperoxidase, ANCA, ANA, ENA,
anti-SS-A, anti-SS-B, anti-Sm, anti-RNP, anti-Jo-1, an-
ti-Scl-70, anti-dsDNA, lupus anticoagulant), and pri-
mary central nervous system angiitis.

Events that occurred in patients with clinical presenta-
tion of stroke in the past were marked as relapses. Le-
sions in the carotid artery, anterior or medial cerebral
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artery or their branches were classified as ‘anterior cir-
culation’. Lesions in the posterior cerebral artery, basi-
lar or vertebral artery or their branches were classified
as‘posterior circulation’ Those with an IS or TIA in
parents or siblings were considered to have a positive
family history. The group with a positive family histo-
ry was divided into three subgroups depending on the
time of event occurrence (before the age of 50, at 50 or
later) and an undefined group of patients, whose age
at the event was unknown. The days spent at the Mari-
bor University Medical Centre were considered as the
length of hospital stay. Obesity was defined by body
mass index 230. The group of people with diabetes was
divided into a group of patients with type 1 diabetes
and a group with patients with type 2 diabetes. Nor-
mal HbAlc values were determined as NGSP<6.0%
and IFCC <42 mmol/L. Dyslipidaemia was considered
as values of total cholesterol >5.7 mmol/L, high-densi-
ty lipoprotein (HDL) <0.9 mmol/L, low-density lipo-
protein (LDL) >4.9 mmol/L or triglycerides (TG) >1.7
mmol/L. Malignant diseases of any type within five
years prior to the event were considered as malignant
diseases. In the group of infectious diseases, the events
with clinically or laboratory proven infection during
hospital stay or a week prior to the event were taken in
consideration. Alcohol consumption was divided into
groups of harmful drinking and occasional drinking.
Smoking was considered as regular smoking of ciga-
rettes at the time of the event or in the past. Oral con-
traceptives, therapy with sex hormones and erythro-
poietin therapy were considered as hormonal therapy.
Heart rhythm disorders were divided into two groups
of atrial fibrillation and other rhythm disorders. In-
creased homocysteine was determined at values above
15 pmol/L, decreased vitamin D at values below 47.7
nmol/L, decreased vitamin B12 at values <132 pmol/L,
decreased folates at values <6.1 nmol/L, and decreased
protein C and protein S at values <70 IU/dL. Disease
outcome was determined by NTHSS and mRS scales.

The results of the research were analysed by JASP
0.14.1. The level of statistical significance was set at
p<0.05. The values of skewness and kurtosis between
-2 and 2 were used to evaluate the normality of distri-
bution.

RESULTS

Among 196 patients with 198 IS events, who were in-
cluded in the study, PFO was found to be present in
23 (11.7%) patients included in the study. In 2011 and
2015, there was one case each, in 2014, 2016, 2018 and
2019 there were three cases, in 2017 four, and in 2013
there were five cases of IS with PFO. Thirteen (56.5%)
patients with PFO were men, who also predominated

in the group of patients without PFO, accounting for
66.5% of the patients included in the study.

None of the patients with PFO suffered from diabetes
mellitus, increased HbAlc, malignant disease, Down
syndrome, Marfan’s syndrome, arterial dissection,
arteriovenous malformations, myxoma or infection.
None of them were illicit drug users, pregnant or tak-
ing immunoglobulin therapy. None of them had de-
creased vitamin Dor B12, folates, or protein C levels.
There was no case of factor V Leiden mutation in the
PFO group. None of these patients died in the hospital.

Five (21.7%) out of 23 PFO patients were obese com-
pared to 25 (14.5%) out of 173 patients in the non-
PFO group. There were 2 (8.7 %) relapse cases in the
PFO group and 18 (10.4 %) in the non-PFO group.
Only one (4.3%) patient in the PFO group had a med-
ical history of TIA prior to IS, and 17 (9.8%) patients
in the non-PFO group had a history of TIA. In both
groups, a more common location of lesion was ante-
rior circulation. In the PFO group,15 (65.2%) cases of
IS occurred in anterior circulation, 6 (26.1%) in pos-
terior, and two (8.7%) cases in both circulations con-
comitantly. In the non-PFO group, 110 (63.6%) cases
of IS occurred in anterior circulation, 60 (34.7%) in
posterior, and 3 (1.7%) in both circulations. Out of
23 PFO patients, 16 (69.9%) had no family history of
IS or TIA, two (8.7%) had relative suffering from an
ischaemic cerebrovascular event before age 50, four
(17.4%) had relative suffering from an ischaemic cere-
brovascular event after age 50, and one (4.3%) patient
had relative suffering with an ischaemic cerebrovascu-
lar event that occurred at unknown age.

In the PFO group, four (17.4%) patients had a medical
history of arterial hypertension, while in the non-PFO
group arterial hypertension was present in 92 (53.2%)
patients. In the PFO group, 12 (52.2%) patients had
dyslipidaemia, two (8.7%) suffered from migraine,
three (13.0%) consumed alcohol moderately, and 20
(87.0%) patients did not consume alcohol at all. Six
(26.1%) PFO patients were smokers, four (17.4%)
used hormonal therapy, two (8.7%) were on immu-
nosuppressive therapy, one (4.3%) patient had a heart
aneurysm or ascending aorta aneurysm, one (4.3%)
had heart valve abnormality, two (8.7%) had heart hy-
pertrophy, one (4.3%) had heart dilatation, and one
(4.3%) had heart congestion. None of the patients in
this group had atrial fibrillation; however, five (21.7%)
of them had other heart rhythm disorders.

Among PFO patients, two (8.7%) had elevated homo-
cysteine levels, four (17.4%) had decreased protein S
levels, and one (4.3%) had a prothrombin gene muta-
tion. Frequencies of risk factors are presented in Ta-
bles 1, 2 and 3.
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Table 1. Risk factors for ischaemic stroke in patients with and without patent foramen ovale (PFO): Gender, Obesity, Arterial
Hypertension, Dyslipidaemia, positive family history

Gender Obesity Arterial hypertension Dyslipidaemia Positive family history
male female no yes no yes no yes no yes
RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN %
no 66.5% 33.5% 85.5% 14.5% 46.8% 53.2% 42.2% 57.8% 93.6% 6.4%
Pro yes 56.5% 43.5% 78.3% 21.7% 82.6% 17.4% 47.8% 52.2% 69.6% 30.4%

Table 2. Risk factors for ischaemic stroke in patients with and without patent foramen ovale (PFO): Alcohol consumption,
Migraine, Smoking, elevated homocysteine levels, decreased protein S levels

Alcohol Migraine Smoking Elevated homocysteine Decreased protein s
no yes no yes no yes no yes no yes
RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN% | RowN %
no 68.8% 31.2% 94.8% 5.2% 62.4% 37.6% 96.5% 3.5% 91.9% 8.1%
Pro yes 87.0% 13.0% 91.3% 8.7% 73.9% 26.1% 91.3% 8.7% 82.6% 17.4%

Table 3. Risk factors for ischaemic stroke in patients with and without patent foramen ovale (PFO): Prothrombin gene mutation,
Hormonal therapy, Immunosuppressive therapy, Structural heart malformations

Prothrombin mutation Hormonal therapy Immunosuppressive therapy Structural heart malformations
no yes no yes no yes no yes
Row N % Row N % Row N % Row N % Row N % Row N % Row N % Row N %
no 98.8% 1.2% 95.4% 4.6% 96.5% 3.5% 77.5% 22.5%
Pro yes 95.7% 4.3% 82.6% 17.4% 91.3% 8.7% 8.7% 91.3%

Echocardiography after the event was performed in
137 (69.9%) study patients; 62.8% of these had trans-
thoracic echocardiography (TTE), 3.6% had TEE,and
33.6% had both. It was performed either during hospi-
tal stay or on an outpatient basis.

Mean (SD) age of IS patients with PFO was 36.478
(7.223) years compared to 42.214 (7.043) in the non-
PFO group with IS. Median (interquartile range, IQR)
length of hospital stay was 15.000 (8.500) in the PFO
group and 18.000 (16.000) in the non-PFO group. Mean
(SD) NIHSS at admission was 4.435 (4.273) in PFO pa-
tients and 6.295 (4.833) in the non-PFO group. At dis-
charge, median (IQR) value of NTHSS was 1.000 (2.000)
in the PFO group and 2.000 (3.000) in the non-PFO
group. Median (IQR) difference between both NIHSS
values was -2.000 (4.000) in the PFO group compared to
-2.000 (5.000) in the non-PFO group. Mean (SD) mRS
at discharge was 1.000 (0.603) in IS patients with PFO
compared to 1.728 (1.574) in the IS group without PFO.

Relations between the variables mentioned above and
the presence of PFO were statistically analysed. PFO pa-
tients with IS were less likely to suffer from arterial hyper-
tension than non-PFO patients x*(1)=10.405, p=0.001.
Median (IQR) age of patients who suffered from hyper-
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tension was 46.00 (5.25), and our study showed that hy-
pertension was significantly more common in older pa-
tients (U=2796.000, p<0.001). The research also showed
that patients with PFO were more likely to be younger
than non PFO-patients (T=3.659, p<0.001).

Although NIHSS values, both at admission and at dis-
charge, tend to be more favourable in patients with
PFO, our study showed it to be statistically nonsignifi-
cant. mRS values at discharge tended to be lower (and
therefore more favourable) in PFO patients than in
non-PFO patients (T=2.193, p=0.029).

DISCUSSION

Considering all IS patients included in this study, PFO
was found in 11.7% of them, which is lower than most
researches show, as it is reported to be present in up
to 50% of young adult patients with IS (11,12,17). It
might be due to a reason that almost one-third of all
patients did not undergo echocardiography; some of
them had it done outside Maribor UMC, and some did
not respond to the invitation to do it on an outpatient
basis. In some cases, it was not performed because the
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diagnosis was clear (e.g., arterial dissection). Some
studies show that PFO is present in 13.6% (18) or even
in 20%-30% of general population (11,12).

There were more men than women with PFO in our
research; however, it was not statistically significant
because there were more male patients in the study.
Other studies confirm that more male than female
young adults suffer from IS with PFO (19).

The study also showed that the mean age of stroke
patients with PFO was lower compared to the mean
age of IS patients without PFO. According to other
studies, PFO appears to be a more important risk fac-
tor in younger patients, i.e., IS patients younger than
40 (20,21). Our study indicated that IS patients with
PFO were less likely to have a medical history of ar-
terial hypertension. This is due to the fact that arteri-
al hypertension plays a more important role as a risk
factor for IS in older population, where all other tra-
ditional risk factors also play a more significant role
in the IS pathogenesis than in young adults.The rela-
tion between age and arterial hypertension was also
verified in this study and it appears to be statistically
significant. Hypertension is more likely to appear in
older patients, while PFO is usually found in younger
patients. Another study points to the fact that PFO pa-
tients have a lower atherosclerotic burden compared
to non-PFO patients suffering from IS (22).

Stroke patients with PFO seem to have a significantly
better outcome than other young adults with IS, which
has been confirmed in other studies (23). This might
be due to younger age, less comorbidities, and milder
clinical presentation (NIHSS).

CONCLUSION

Patent foramen ovale is an important factor that plays
a vital role in some IS pathogenesis cases, especially
in young adults. Therefore, it should be considered in
young adults with IS presentation who lack traditional
and modifiable risk factors. PFO solely cannot be the
only risk factor for stroke; it is a common finding in
general population and it requires a hypercoagulable
state to increase the risk of paradoxical embolism with
consequences (e.g., IS). We found that arterial hyper-
tension appeared to be more common in IS not caused
by PFO. In addition, we observed that IS patients with
PFO tended to be younger than non-PFO patients and
have a better outcome according to mRS. More stud-
ies on risk factors associated with PFO are needed to
further research the impact of PFO on IS probability
in an individual, as the results of many studies tend to
be contradictory.

There were some limitations to our study; to begin
with, sampling was carried out by convenience. The
study was based on a Caucasian population. More-
over, the sample was very small, which resulted in lim-
ited statistical analyses; some of the expected values
were small; this may have led to the p-value not being
accurate. The study was retrospective, i.e., data could
not have been collected directly from patients, instead
medical database findings were used. Some data might
be inaccurate due to their subjective nature and the
inability to verify such data, e.g., medical history of
smoking, using illicit drugs, and alcohol abuse.
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SAZETAK

PERZISTIRAJUCI OVALNI OTVOR (FORAMEN OVALE) 1 ISHEMIJSKI MOZDANI UDAR U
MLADIH OSOBA - RETROSPEKTIVNO ISTRAZIVANJE

R. ARH!, M. MENIH?, L. JAZBEC!

ISveuciliste u Mariboru, Medicinski fakultet, Maribor, Slovenija; ?Univerzitetski medicinski centar Maribor,
Maribor, Slovenija

Pozadina: 1shemijski mozdani udar je najéeséi tip mozdanog udara. Jedan od ¢imbenika rizika jest perzistirajuci ovalni
otvor (engl. patent foramen ovale, PFO) koji je normalno otvoren u paralelnoj intrauterinoj cirkulaciji i predstavlja desno-li-
jevi pretok (shunt), a nakon postpartalne uspostave serijske cirkulacije zatvara se tkivom septuma primuma ili perzistira.
Ako se ne zatvori zavrSetkom prve godine naziva se defektom septuma atrija (engl. atrial septal defect, ASD) i u serijskoj
cirkulaciji predstavlja lijevo-desni pretok. Ovaj defekt ostaje otvoren s razli¢itim stupnjem lijevo-desnog pretoka u dijela
bolesnika. Smatra se da je prisutan u oko 50 % mladih bolesnika koji dozive ishemijski mozdani udar. Uzrokovan je meha-
nizmom paradoksalne embolizacije, ali desno-lijevim pretokom. Cimbenici koji utjeéu na vjerojatnost mozdanog udara kod
ovih bolesnika su sljededi: veli¢ina PFO, porast tlaka u desnoj pretklijetki zbog razli¢itih ¢imbenika koji mogu u tim poseb-
nim okolnostima prolazno izazvati desno-lijevi pretok ili €ak otvoriti virtualno zatvorenu ovalnu fosu nepotpuno srastenom
preklopnicom (flap). Posebno mjesto u nastanku paradoksalne embolije ima moguca popratna aneurizma interatrijskog
septuma na razini ovalne fose. Popratni ¢imbenici koji povecéavaju vjerojatnost ishemijskog mozdanog udara kod bolesnika
s PFO su tezi tjelesni napori, uzbudenje, pluéna hipertenzija, ali i imobilizacija, trudnoca te prirodeni ili steCeni poremecaji
koagulacije. Metode: Rije¢ je retrospektivnoj studiji analize bolesnika u dobi od 18 do 49 godina hospitaliziranih zbog ishe-
mijskog mozdanog udara u razdoblju od 2010. do 2019. godine u UKC Maribor. Analizirane su razlike izmedu dviju skupina:
skupina 1 s dokazanim PFO u odnosu na skupinu 2 kod koje nije dokazan desno-lijevi pretok na razini ovalne fose. Analiza
je provedena pomocu programa JASP 0.14.1. i IBM SPSS Statistics 28. Za statistiCku zna¢ajnost koriStena je grani¢na vri-
jednost p<0,05. Rezultati: U ovo istrazivanje bilo je uklju¢eno 196 bolesnika sa 198 dogadaja ishemijskog mozdanog udara.
PFO bio je prisutan u 23 (11,7%) bolesnika. Rezultati: Arterijska hipertenzija bila je €eSce prisutna u bolesnika u skupini 2
(17,4 % : 53,2 %, p<0,05); bolesnici skupine 1 bili su zna¢ajno mladi od bolesnika skupine 2 (36,478 (7.223) : 42,214 (7.043)
godina, p<0,05); ishod bolesti bio je povoljniji u bolesnika skupine 1 nego u skupini 2 (1,000 (0,603) : 1,728 (1,574), p<0,05).
Zakljucak: Perzistirajuéi ovalni otvor je ¢escée uzrok ishemijskog mozdanog udara kod mladih osoba te ima kljuénu ulogu u
toj dobnoj skupini. Arterijska hipertenzija je vjerojatno ¢escéi uzrok ishemijskog mozdanog udara u starijih bolesnika. Ishod
bolesti je povoljniji u skupini bolesnika s PFO.

Kljuéne rijeci: ishemijski mozdani udar, perzistirajuci ovalni otvor, mlade osobe, ¢imbenici rizika, paradoksalna embolija
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