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Young patient`s secondary prevention in ischemic 
stroke with the percutaneous closure of 

the patent foramen ovale and postoperative 
repermeabilisation –  case report
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AbstrAct
Introduction. Cryptogenic stroke represents 25% of all cases. Paradoxical embolism is a common case in people 
under 45 years old who have patent foramen ovale.
case presentation. 44-years old patient with left motor deficit, dysarthria and dizziness suddenly installed after 
physical effort. During neurological evaluation, the patient had a central type facial paresis, slight asymmetry of the 
palatine tonsil, left motor hemiparesis (4/5), dysmetria and dysarthria. Biological examinations showed an associa-
tion with MTHFR and heterozygous V factor mutation. Computed tomography was made brain with venous se-
quence where we could see hypoplastic right vertebral artery. MRI revealed a stroke in the territory of the superior 
cerebellar artery, bilaterally. Transesophageal ultrasound described a patent foramen ovale and an atrial septal 
defect. RoPE scale was 8 which meant a big risk for paradoxical embolism. Surgical correction was made for sec-
ondary prevention of stroke. After 3 months, the patient made a transcranial ultrasound with microbubbles contrast 
agent which detected a permeable right-to-left shunt.
conclusions. The ischemic stroke and patent foramen ovale with paradoxical embolism mechanism are common 
in young adults. Postinterventional repermeabilization are rare cases which can raise many questions about proph-
ylaxis and treatment.
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Abbreviation
MRI – magnetic resonance imaging
RoPE – risk of paradoxical embolism
ESUS – embolic stroke of undetermined source
PFO – patent foramen ovale
NIHSS score – National Institute of Health Stroke score
ASPECT score – Alberta stroke program early CT score
FT4 – free thyroxine
TSH – thyroid stimulating hormone
ATPO – anti-thyroid peroxidase
ATG – anti-thyroglobulin
AAN – antinuclear antibodies

CIC – antibody immune complexes
p-ANCA – antineutrophil cytoplasmic antibodies
RNP – ribonucleoprotein
FLAIR – fluid-attenuated inversion recovery
DWI – diffusion weighted imaging
TTE – transthoracic ultrasound
HITs – high intensity transients
TCD – transcranial ultrasound
ASA – atrial septal aneurysm
CT – computed tomography

INtrODUctION

Cryptogenic ischemic stroke represents 25% of 
all stroke cases. They are cases with unknown em-

bolic sources (ESUS). The origin can be: calcified 
mitral valve, paradoxical embolizations, atheroma 
plaques in the aortic artery or in the large cerebral 
arteries (arterial-arterial mechanism) (1).
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Patent foramen ovale (PFO) is an innate septal 
defect which normally closes in early periods. In 
25% of people, PFO does not close. It is a problem 
when in the venous system we have a blood clot 
which can cross this innate septal defect and to mi-
grate to the periphery (2-4). Nowadays, we can use 
many instruments to diagnose patent foramen 
ovale. Transesophageal ultrasound is the gold 
standard. Transcranial Doppler ultrasound with 
microbubbles have the same sensibility and speci-
ficity in right-to-left shunt detection. However, 
Valsalva maneuver is made easier in transcranial 
doppler ultrasound. So, it is much easier to evalu-
ate right-to-left shunt in this way (5). In order to 
publish this case, the verbal consent of the patient 
was obtained.

cAsE PrEsENtAtION

44-years old patient, nonsmoker, with hydro-
static varicose veins, without treatment who came 
in the emergency service with left motor deficit, 
dysarthria and dizziness suddenly installed in the 
morning. After an hour, the patient had an easy 
amelioration of neurological symptoms. We were 
informed that he had made physical effort a day 
before (cycling).

The neurological clinical examination, at the 
time of presentation, showed a left facial paresis of 
central type, with asymmetry of the palatine tonsil, 
with a deviation to the right of the palatine tonsil at 
the pronunciation of the vowel “a”, associated with 
a difficulty swallowing solids, decreased muscle 
strength in the left limbs (4/5), indifferent plant in 
the left leg, dysmetria and dysarthria. NIHSS was 
5 points.

The patient didn’t have indication for thrombo-
lytic treatment, because he was out of the thera-
peutic window.

Paraclinical evaluations 

Brain computed tomography was normal (as-
pect score 10 points). Brain computed tomography 
with angiography exclude vertebral artery dissec-
tion. This examination showed just an hypoplastic 
right vertebral artery (figure 1).

Laboratory tests showed a slight folic acid defi-
ciency – 171 pg/ml (normal value 180-914 pg/ml). 
Thyroid hormones (FT4, TSH, ATPO, ATG) and 
immunological markers (AAN, CIC, p-ANCA, 

antibodies RNP/SM/RO CCP) were normal. Be-
cause, thrombophilia has a high incidence at this 
age, thrombophilia profile was made which showed 
MTHFRc mutation and heterozygous V factor mu-
tation.

To exclude a possible arterio-arterial embolism 
event we made a doppler ultrasound which was 
normal.

Brain magnetic resonance imaging describes a 
lot of ischemic areas in bilateral cerebellar emi-
spheres and left parietal lobe, T1, T2, FLAIR hy-
perintensity and an increased DWI signal in the 
left cerebellar lobe. On the left we found a minimal 
thalamic lesion with T2 and FLAIR hyperintensi-
ty, without DWI signal, which corresponds with 
superior cerebellar artery area (figures 2-7).

Figure 2. Brain magnetic resonance imaging. Axial 
section. T1. Minimal hyperintensity in bilateral cerebel-
lar hemispheres

FIGURE 1. Brain computed tomography with angiogra-
phy. Axial section. Hypoplastic right vertebral artery
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FIGURE 3. Brain magnetic resonance imaging. Axial 
section. T2. Hyperintensity in left cerebellar lobe

FIGURE 4. Brain magnetic resonance imaging. Sagittal 
section. T2. Hyperintensity in the upper portion of the 
cerebellum. Superior cerebellar artery

FIGURE 5. Brain magnetic resonance imaging. Coronal 
section. FLAIR. Hyperintensity signal in bilateral 
cerebellum hemispheres

FIGURE 6. Brain magnetic resonance imaging. Coronal 
section. FLAIR. Minimal hyperintensity left thalamic lesion

FIGURE 7. Brain magnetic resonance imaging. Axial 
section. DWI. Minimum diffusion restriction in the left 
cerebellar lobe

cardiologic evaluation

Transthoracic ultrasound (TTE) didn’t show 
structural cardiac modification. Holter ECG in 24 
hours didn’t describe many important modifica-
tions, only a few monomorphic supraventricular 
extrasystoles considered insignificant.

Transesophageal ultrasound (TEE) reveals a 
patent foramen ovale with 6 mm size and an atrial 
septal aneurysm.

cardiovascular surgery

Atrial septal surgery correction was made by 
implanting the Amplatzer device. After interven-
tional treatment, the patient was treated with dou-
ble antiaggregant treatment (Aspirin 100 mg/day 
and Clopidogrel 75 mg/day for 1 to 3 months).

After 3 months, the patient made a transcranial 
ultrasound with microbbubles contrast agent which 
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revealed high intensity transients-HITs in the mid-
dle brain artery (Figure 8). This signal showed that 
the right-to-left shunt was permeable. In this case, 
we decided to start anticoagulant therapy with vi-
tamin K inhibitor (Sintrom). 

DIscUssIONs

Strokes in young people represent 10% (12). 
Almost half of those younger don’t have a specific 
cause (cryptogenic stroke) (13). Among the most 
common causes of stroke in this period are: verte-
bral and carotid artery dissection, thrombophilia 
disorders and procoagulant status, paradoxical em-
bolism, vasculitis.

Symptoms suddenly installed like in our case 
describe the temporal profile very well which is 
specific to the embolic mechanism. Because, the 
patient is young, first we considered the posibility 
of having a vertebral or carotid artery dissection. 
Brain compiuted tomography with angiography in 
urgency didn’t reveal our suspicion, but we found 
a right hypoplastic vertebral artery.

The risk of stroke conferred by the presence of 
atrial fibrillation varies with age, for 1% for pa-
tients under 65 years to 8% for patients over 65 
years. Paroxistic atrial fibrillation is another cause 
of stroke with embolic mechanism. Different stud-
ies showed that this paroxistic atrial fibrillation is 
more dangerous than chronic cardiac arrhythmias 
(14). In this case, Holter ECG for 24 hours was 
normal, but this result does not rule out the possi-
bility of such a rhythm disorder. Paroxistic and 
asymptomatic atrial fibrillation is difficult to find 
when a short recording was used, but not in the 
long recordings (loop recorder). These long re-
cordings increase the rate of fibrillation detection 
with 3% to 15% (14). The hyperthyroidism can de-
termine episodes of atrial fibrillation. In this case, 
we thought that it was useful to take thyroid hor-
mones (ATPO, ATG, FT4, TSH) which were nor-
mal.

A young patient with neurological signs can 
produce many differential diagnosis issues like 
multiple sclerosis, migraines which can be excluded 

FIGURE 8. High intensity transients (HITs)
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very easily just with a good anamnestic evaluation. 
In this case, multiple sclerosis was excluded based 
on the temporal profile of the onset of the deficit, 
which in the case of multiple sclerosis, the deficit 
sets in much more slowly. Migraine was excluded 
because the patient didn’t have specific symptoms.

Vasculitis is another cause of stroke in young 
patients. Immunological markers (AAN, CIC, 
p-ANCA, Atc anti RNP/SM/RO CCP) denied this
possibility.

Inherited thrombophilias can explain a part of 
strokes in young patients (15). Thrombophilia dis-
orders are divided into acquired and inherited. In-
herited types are far less commonly observed in 
young adults with ischemic events. This include: 
protein S, protein C, antithrombin III deficiency, 
resistance to activated protein C (factor V Leiden 
mutation-FVL). Acquired thrombophilia disorders 
are more common. They include: the antiphospho-
lipid syndrome associated with lupus anticoagu-
lant and anticardiolipin antibodies (31). For many 
years, scientists tried to divide patients with stroke 
and the probability of thrombophilia by age cate-
gories so that testing would be more effective and 
low cost. This category includes young patients 
under 45 years old (16,17), patients with crypto-
genic mechanism (18,19), patients with history of 
thrombophilia and patent foramen ovale (20,21). 
In our case, MTHFRc and heterozygous V factor 
mutation were the only genetic changes. It is not 
very clear the implication of these mutations in 
procoagulant status in strokes young patients.  
Heterozygous V factor mutation is found in half of 
the inherited cases and this mutation predisposes 
to a higher risk of venous thrombosis (31). A retro-
spective study with 1710 young patients from 2011 
to 2015 showed an association of patent foramen 
ovale with thrombophilic mutations in 28% of cas-
es. The most frequent mutation was MTHFR 
which in the absence of folic acid and vitamin B12 
deficiency has an uncertain significance. Compa-
rable to the Florez study, the final results didn’t 
show any association between patent foramen 
ovale and thrombophilic mutations (22). For about 
ischemic stroke we have only one prospective ob-
servation (patients with cryptogenic stroke with 
and without thrombophilia) where the use of anti-
coagulation did not affect outcomes. For asympto-
matic patient oral anticoagulation is not recom-
mended. But for symptomatic patient it is possible 

to use the same treatment that is used in venous 
thromboembolism (treatment with oral anticoagu-
lation) (31).

In our case, brain magnetic resonance imaging 
reveals many ischemic lesions in the verte-
bral-basilar territory (bilateral superior cerebellar 
artery areas). The imaging aspect, the sudden on-
set, the physical effort, young age, hydrostatic var-
icose veins were very important in the orientation 
towards the possibility of paradoxical emboliza-
tion. In 1998, Lechat and his collaborators were 
the first who showed the paradoxical embolic is-
sues. They suggested that due to the increased 
prevalence of clinical venous thrombosis, para-
doxical embolism in patent foramen ovale can be 
responsible for ischemic strokes. Other studies 
showed that 40% of ischemic young patients with 
unknown embolic sources have patent foramen 
ovale (2,3,4). Patients with ESUS have clinical-ra-
diological characteristics which depend on the fol-
lowing causes: aortic atheromatosis, atrial fibrilla-
tion, patent foramen ovale. These young people 
with PFO had an involvement of the posterior cir-
culation compared to patients with atrial fibrilla-
tion. A single photon emission computed tomogra-
phy study reveals that, in the Valsalva maneuver, 
the blood flow in posterior circulation was higher 
than in the previous circulation. This thing can be 
an explanation to the posterior ischemic events in 
patients with PFO (5,6,7). Stroke phenotypes dif-
fer in patients with PFO depending on the size of 
the septal defect. This determines patterns of le-
sions on the diffusion sequence (DWI). Patients 
with big shunt were associeted with small lesions 
and 40% of patients with small shunt had big is-
chemic lesions on the MRI. It was suggested that 
another mechanism (together with paradoxical 
events) can be responsible for these ischemic le-
sions (9).

For patent foramen ovale diagnosis and the 
presence of the right-to- left shunt, the transesoph-
ageal ultrasound (TEE) is the gold standard, but 
this investigation can be replaced with transcranial 
ultrasound (TCD) with microbbubles contrast 
agent. Of course, the least investigation can’t be 
useful to show the septal defect morphology. 
American reports from 2004 describe that TEE 
and TCD have the same sensitivity and specificity 
in right-to-left shunt detection (23). In our case, 
TEE revealed a patent foramen ovale with 6mm 
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size and an atrial septal aneurysm (ASA). A meta - 
analysis of studies published up to 2001 (Mas and 
his collaborators) showed that the PFO with ASA 
was associated with ischemic events in patients 
under 55 years old. It is interesting how patients 
with just PFO have had a 2% risk to have a secun-
dar ischemic event, 15% in patients with PFO with 
ASA and 4% in those people who didn’t have any 
septal defect (24). Without paradoxical mecha-
nism, it is obvious that the high PFO (size >2 mm) 
and ASA were considered responsible for left atri-
al dysfunction. This makes a similar atrial fibrilla-
tion physiopathology which would lead to embolic 
events, but reduced ones after correction of the de-
fect (25). These show the importance not only of 
the surgical correction but also of anticoagulation 
treatment in the prevention of secondary stroke.

Because not all cases with PFO can be respon-
sible for stroke events (1/3 of PFO cases are inci-
dental), it was necessary to calculate a risk score 
for paradoxical embolism. This score is very im-
portant because an interventional correction could 
expose the patient to many risks (26). RoPE (table 
1) is a risk score which is calculated for the patient
with PFO and this describes the ability of a PFO to
be responsible for the ischemic event. This risk
score uses patient clinical profile, types of ischem-
ic lesion, anatomical features of PFO and condi-
tions that may predispose to paradoxical embolism
(physical effort). Our patient had 8 points which
meant possibility to have a high paradoxical embo-
lism risk. This score demonstrated association be-
tween PFO and the ischemic events. A score of 10
points is calculated based on a number of varia-
bles: young adults, ischemic stroke on the MRI/CT,
absence of diabetes, absence of high blood pres-
sure and other previous strokes.

Over times, there have been many studies which 
evaluated the score validity. A small study showed 
that a RoPE score over 7 points indicates that the 
PFO is associeted with ischemic stroke (27). In an-
other study, the right-to-left shunt prevalence was 
50-56% for patients with RoPE score under 7
points and 79% for patients with RoPE score over
7 points (28).

In therapeutic management the main goal is the 
prevention of secondary stroke. There are two pre-
vention possibilities: either the pharmaceutical 
treatment (anticoagulant/ antiplatelet) or surgical 
correction. Anticoagulant treatment should be 

much better than antiplatelet treatment in the 
stroke prevention, because anticoagulation pre-
vents thromboses better. In most studies, the treat-
ment was done with vitamin K inhibitors (29). 
Over times, there have been many cases which 
evaluated effectivness of interventional treatment. 
Three randomized trial (2012 and 2013) like  
CLOSURE I, RESPECT, PC-trial didn’t demon-
strate superiority of surgical treatment of second-
ary prevention. Recently, a long evaluation of  
RESPECT study and another three big trials 
showed decrease of the risk of recuret ischemic 
stroke. A systematic review and a meta-analysis of 
controlled, randomized studies (RCP 1990-2018) 
which compared surgical treatment (closing the 
PFO) with antitrombotic therapy, revealed that sur-
gical treatment is better than pharmaceutical treat-
ment in secondary stroke prevention. Patients with 
ASA or right-to-left shunt can benefit more from the 
surgical treatment (10). Most evidence of PFO clo-
sure was obtained with the Amplatzer device which 
associated with a completely higher closure and a 
low secondary atrial fibrillation risk (30). Complete 
endothelialisation lasts about 5 years. So, double 
antiplatelet therapy is recommanded for 1-6 months 
after interventional treatment and antiplatelet mon-
otherapy for 5 years (30). There are many complica-
tions after interventional treatment such as: residual 
shunt, atrial arrhythmias, device thrombosis, endo-
carditis and erosions.

Because the patient had 8 points (RoPE score), 
an high embolic risk, after cardiovascular surgery 
evaluation, the opportunity for surgical treatment 
was evalueted. Big PFO with associated aneurysm 

ABLE 1. RoPE risk score
Age Points

18-29 5
30-39 4
40-49 3
50-59 2
60-69 1
>70 0

Features
Without high blood pressure 1

Without diabetes 1

Without stroke history 1

Non-smoker 1

Cortical lesions 1
Score 0-10
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respond very well to interventional treatment and 
the majority no longer had any event. In this case, 
occlusion of the septal defect was practiced by im-
plantation of the Amplatzer device.

After three months, the patient made a transcra-
nial ultrasound with microbbubles contrast agent 
which reveals high intensity transients-HITs in the 
middle brain artery.

An observational study with 80 patients (PFO 
with one or more ischemic events) who benefited 
from surgical therapy presented paradoxical em-
bolism in a very small number (8 events). It was 
found that the risk of recurrence was highest in the 
first year, after the percutaneous closure of the 
PFO. However, gender and age didn’t influence 
the risk of recurrent thromboembolism. During 5 
years of monitoring there was no statistically sig-
nificant difference in the annual risk of transient 
ischemic attack, stroke, systemic embolism be-
tween patients with PFO and patients with PFO 
with ASA. When reevaluated by color flow imag-
ing or bubble contrast injection, after Valsalva 
maneuver, almost 27% of the patients had residual 
right-to-left cardiac shunting. This shunt was a 
predictor of recurrent thromboembolic events. So, 
this study demonstrated that the percutaneous clo-
sure of the PFO can have a high success rate 
(>95%), but with a small complication risk (10%) 
(11).

Since the patient had a septal aneurysm, throm-
bophilia mutations and the right-to-left shunt was 
still permeable, we considered that the risk of is-
chemic stroke was high. Instead of the continua-
tion of the antiplatelet monotherapy, according to 
the guidelines, the possibility of initiating antico-
agulant treatment was re-evaluated. Because the 
patient had heterozygous V factor mutation (which 
is a major risk factor in venous thrombosis), the 
presence of atrial septal permeability and the pres-
ence of septal aneurysm which can cause the for-
mation of small thrombus, anticoagulant therapy 
was started. Because we have a small number of 
cases with postsurgical permeable right-to-left 

shunt mentioned in literature and due to the impos-
sibility of conducting a study that would generate 
concrete results, the antithrombotic efficiency 
treatment and prognosis are not very clear. In this 
case, the necessity of future studies which can clar-
ity treatment issues and future stroke risk in this 
age group, is clear.

cONcLUsIONs

In cryptogenic stroke, PFO is a cause which has 
to be considered when the patient is young  
(< 45 years), with sudden symtoms, after physical 
effort and cortical ischemic lesions, especially in 
the vertebrobasilar territory.

Thrombophilia mutations are common. MTHFR 
mutation has frequently been associated with PFO. 
Heterozygous V factor mutation is one of the ma-
jor risk factors for venous thrombosis.

The more common ischemic events in the basi-
lar vertebro territory in patients with FOP are due 
to a higher rate of blood flow at this level than in 
the previous arterial territory during exercise.

RoPE score is a useful score to detect the cases 
where PFO is responsible for ischemic stroke.

Transesophageal ultrasound is gold standard in 
PFO diagnosis. Transcranial ultrasound with mi-
crobbubles contrast agent has the same sensitivity 
and specificity in detecting right-to-left shunt.

Patent foramen ovale (> 2 mm) with septal an-
eurysm is associated with ischemic events.

Almost quarter of the patients can have residual 
right-to-left cardiac shunting after interventional 
treatment.

Although standard treatment (surgical terapy) 
has an excellent therapeutic response, because it 
can reduce the risk of a new stroke to almost zero, 
there are rare situations with residual right-to-left 
cardiac shunting which can pose therapeutic man-
agement problems. 
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