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Stroke and atrial septal defects – decision making 
at the turning of ages
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ABSTRACT
CLOSE and Gore-REDUCE trials have recently changed the way we approach patients with stroke and patent fora-
men ovale. We present the case of a young patient with an Embolic Stroke of Undetermined Source (ESUS) and an 
atrial septal defect causing a large right-to-left shunt, with an ample discussion on evidence-based decision making.
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INTRODUCTION

In mid-May this year, the results of CLOSE and 
Gore-REDUCE trials were announced. It was the 
fi rst time when large, randomized prospective trials 
proved the effi cacy of patent foramen ovale (PFO) 
closure as compared to medical therapy alone. 
While guidelines are constantly adapting to this 
changes, decision making, when it comes to indi-
viduals, is still not an easy task.

CASE PRESENTATION

In June 2017, a 52 years old male working as a 
driver was admitted to our ward. He described 
waking up 2 days prior to admittance with an over-
all feeling of dizziness and visual disturbance, al-
though he could not specify precisely what that 
was. He went to work and, after a couple of min-
utes in traffi c, suffered a minor collision with a car 
coming from his right side. By the time he got to 
the hospital, all his symptoms were gone.

The usual culprits come to mind, but this was 
not the case. There was no family history of cere-
brovascular disease, no cardiovascular risks, no 

smoking, he was fi t and declared he had a rather 
athletic lifestyle.

On examination, both his neurological and gen-
eral exam were all within normal range, but his de-
scription of the events strongly suggested transient 
right homonymous hemianopia. 

Before admission, the patient had been referred 
by another physician to a cerebral MRI. Multiple 
ischemic lesions were present in both left and right 
internal carotid territories, but also in that of the 
right posterior cerebral artery, with 8 DWI restric-
tion images in the right parieto-occipital territory, 
which correlated well with the recent symptoms 
(Fig. 1). 

A cervical arteries Doppler Ultrasound was 
quickly performed, which showed a soft, ulcerated 
plaque on the right Internal Carotid Artery, result-
ing in a 40% occlusion of the vessel, without other 
signifi cant atheromatous lesions.

Both arterial blood pressure and ECG rhythm 
were monitored for 48 and 24 hours, respectively, 
showing only moderate blood pressure elevation to 
150 mmHg in the latter part of the day, with no ar-
rhythmic events recorded (Fig. 2). 
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FIGURE 1. 1 – The DWI cerebral MRI shows multiple hyperintense signals in the right parieto-occipital lobes, sug-
gesting recent ischemic injury; 2 – T2 axial sequence showing multiple hyperintense signals in both right and left 
carotid territories, with a large (2/3 cm) ischemic sequelae visible in the left frontal lobe;;3 – T2 FLAIR coronal se-
quence – periventricular, subcortical and deep white matter hyperintense signals, all signs of previous ischemic 
events, prove a worrying rate of recurrence for the 52 years old patient.
Bellow – US of the right internal carotid artery showing a soft, ulcerated plaque, resulting in 40% occlusion of the 
vessel.

1

2 3

The transthoracic echocardiography (TTE) 
found 2 small (<3 mm) atrial septal defects (ASD), 
with no other pathological fi ndings (pulmonary hy-

pertension, valvulopathies, etc.) Transesophageal 
echocardiography (TEE) proved positive for tran-
sient right-to-left-shunt (RLS) when contrast agent 
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was injected. Pelvic and lower limbs Doppler US 
showed no signs of deep venous thrombosis.

The Angio-CT for supra-aortic arteries revealed 
that the patient had bilateral fetal posterior cerebral 
arteries, a common anatomical variant in which the 
posterior communicating artery is larger than the 

fi rst segment (P1) of the posterior cerebral artery. 
This partially explained the distribution of the is-
chemic injuries on the cerebral MRI.

We then performed bilateral transcranial Dop-
pler (b-TCD), with a 30 minutes microemboli de-
tection protocol (negative), followed by contrast 
agent bolus injection (agitated saline-blood-air 
mix).This was highly positive with over 30 gaseous 
microemboli being detected on both middle cere-
bral arteries.

The patient was orally anticoagulated with 
Acenocumarol and referred to a cardiovascular sur-
gery center for the closure of the ASD. Statin treat-
ment was initiated for the atheromatous plaque on 
the RICA, and a blood work panel was recom-
mended in order to investigate a potential hyperco-
agulable state.

DISCUSSIONS

There are at least three very interesting topics 
that arise from this case: whom should we refer to 
PFO or DSA closure? What is the most relevant mi-

FIGURE 2

FIGURE 3. This series shows TEE contrast examination – the right atrium (RA) fi lls with contrast agent, then micro-
bubbles can be easily seen passing through the ASD to the left atrium (LA) with each cardiac cycle. Well over 30 
microbubbles were recorded in the LA during the examination.

Figure 4. Contrast-Transcranial Doppler (c-TCD) with bilateral MCA monitoring – image shows gaseous microemboli 
detection (yellow spikes) on both the left and right MCA after agitated saline-blood IV injection. More than 30 micro-
embolic signals (MES) were recorded during the examination. 
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croemboli detection from a neurologist’s point of 
view? What medical option should we recommend 
to our patients until they undergo a closing proce-
dure or to those that have no indications for surgi-
cal therapy?

The issue of whom benefi ts from patent foramen 
ovale (or other forms of ASD) closure has been 
long standing. If we are to examine the recent de-
velopments on the matter, it was in 2008 that the 
American Association of Cardiology released a 
new Guideline regarding the management of adults 
with congenital heart disease. The authors consid-
ered that patients should be referred to interven-
tional options once clear right ventricle (RV) over-
load was proven or pulmonary hypertension was 
diagnosed. In regards to our current case, the clo-
sure of an ASD was considered reasonable in the 
presence of a paradoxical embolism (Class IIa, lev-
el of evidence C). Small ASDs with a diameter of 
less than 5 mm and no evidence of RV volume 
overload were considered to be rather harmless un-
less associated with a paradoxical embolism. (1)

Proving a paradoxical embolism, however, is not 
an easy task. For most patients presenting with a 
cryptogenic stroke and a PFO or other ASD, a source 
of embolization will not be found (2). Numerous 
mechanisms are thought to be at play: a) the para-
doxical embolic event, a passage of a thrombus from 
the peripheral venous system through the atrial sep-
tum defect; b) the thrombus is generated inside the 
atriums in relationship with a PFO-generated ar-
rhythmia (atrial fi brillation being the main culprit); 
c) formation of the thrombus in the septum defect 
and lastly, d) PFO related hypercoagulability (3). 
While this are all largely accepted theories, support-
ing evidence for the last two is still scarce.

Furthermore, it would be natural to assume that 
a patient that shows no signs of right ventricle vol-
ume overload or pulmonary hypertension would 
present only a left-to-right shunt, as in, from high to 
low pressure. It was proven, however, that transient 
instantaneous right-to-left shunt does occur even 
for these patients in certain conditions, such as ear-
ly ventricular systole, when right atrial (RA) pres-
sure briefl y exceeds left atrial (LA) pressure (RA 
systole fi nishes after LA systole), or following a 
Valsalva maneuver (4). 

A new concept of cryptogenic stroke has been 
coined in the last couple of years – the Embolic 

Stroke of Undetermined Sources (ESUS). This is 
defi ned as a non-lacunar brain infarct without prox-
imal arterial stenosis (<50% cervical arteries steno-
sis), cardioembolic sources or other specifi c causes 
of stroke identifi ed (arteritis, dissecton, migraine, 
drug missuse, etc.). The work-up is extensive and 
requires that a brain CT/MRI, an ECG and 24h 
Holter monitoring be performed, TTE and either 
cervical duplex and TCD US or Angio-CT or An-
gio-MRI of the cervical and cerebral arteries exam-
inations (5). Our patient met this criteria and can 
therefore be diagnosed with an ESUS.

Some may argue that, even though the RICA 
plaque resulted in only a 40% stenosis, its soft, ul-
cerated aspect and the greater number of ischemic 
events on the right carotid territory may bear some 
signifi cance. While non-stenotic carotid artery 
plaques are considered to carry a low absolute risk 
of stroke, small studies have shown that ulcerated, 
irregular ones may be a source of arteriogenic 
thromboembolism. A small study of 32 patients 
with cryptogenic stroke and non-stentoic carotid 
arteries plaque showed that 38% had type VI com-
plicated plaques on MRI on the ipsilateral artery 
versus 0% on the contralateral one (6). Considering 
that our patient had bilateral ischemic lesions, no 
criteria for atherothrombotic stroke and that all vas-
cular events had occurred under no medical thera-
py, the RICA plaque probably bared little clinical 
importance, and initiation of statin and antithrom-
botic therapies were the right choice until future 
check-ups. 

ASD are not rare occurrences. Up to 10-35% of 
the general population has a PFO (7), so even in the 
setting of an embolic stroke of unknown sources, is 
it warranted to assume that the ASD and the is-
chemic event are correlated? 

Many studies and analyses were performed in 
the recent years trying to fi nd an answer to this 
question, and perhaps one of the most elegant solu-
tions was brought to us by David M. Kent et al., 
who devised an index to identify stroke-related ver-
sus incidental fi ndings of a patent foramen ovale in 
cryptogenic stroke. Their analysis led to the crea-
tion of a score based on six easily obtainable data 
– history of hypertension, diabetes, stroke or TIA, 
smoking, the presence of cortical infarcts on cere-
bral imaging and patient’s age. This score was 
called RoPE (Risk of Paradoxical Embolism), and 
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the lower it is, the lower the probability of causality 
(for example, for a score of 0-3 the prevalence of 
PFO for this group was 23% and the PFO-attribut-
able fraction of strokes was 0%). For patients with 
higher scores, the prevalence was shown to be 
much higher and the PFO-attributable fraction 
grew signifi cantly (for a score of 9-10 points, the 
prevalence of PFO was 73% and the fraction was 
88%) (8).

TABLE 1. The RoPE score calculator (8)
Characteristi c Points
No history hypertension 1
No history of diabetes 1
No history of stroke or TIA 1
Nonsmoker 1
Cor� cal infarct on imaging 1

Age (in years)
18-29 5
30-39 4
40-49 3
50-59 2
60-69 1
≥ 70 0

Let’s pause for a moment and use this score to 
evaluate our patient. With 7 points out of 10, the 
prevalence of PFO for this group was 54% and the 
likelihood that the cryptogenic stroke was in rela-
tion to the ASD was 72%.

So what next?
First, medical treatment should be instated. Sec-

ond, the patient should be referred to a cardiovas-
cular surgeon for a pre-op evaluation. 

There are many types of ASD. Sinus venosus, 
coronary sinus, and ostium primum defects are 
closed surgically, as they are not usually approach-
able by percutaneous device closure. Secundum 
ASD and PFO are usually solved by percutaneous 
intervention unless there are other associated con-
ditions, whereas an ASA can be solved either way 
depending on its morphology (9). 

If we are to compare percutaneous closure to 
open surgery, recent data seems to suggest that the 
percutaneous option is safer. A large study compar-
ing 1270 patients in the surgical group to 1812 pa-
tients in the percutaneous group proved that the 
early complications rate, major complications rate 
and length of hospital stay were all greater for the 
surgical group, whereas the success rate was simil-
lar (10).

But is there really a benefi t to closing the ASD 
rather than opting for medical therapy alone? For a 
long time, the answer was “No”.

The fi rst large randomized trial to address this 
question was CLOSURE. A total of 909 patients 
were randomly assigned to closure with percutane-
ous device or medical therapy alone, but there were 
no signifi cant differences between the two groups.11

The PC trial enrolled 414 patients, of whom 204 
were randomly assigned to the closure group and 
210 to the medical-therapy group, but again fi nding 
no signifi cant reduction in the risk of recurrent em-
bolic events or death in the closure group, as com-
pared with the medical-therapy one (12).

The largest of these studies was RESPECT trial, 
in which 980 patients were enrolled; 499 were ran-
domly assigned to the closure group and 481 to the 
medical-therapy group. Once again, there was no 
signifi cant benefi t of closure of a patent foramen 
ovale over medical therapy alone in the inten-
tion-to-treat analysis (13).

The inclusion criteria for all these trials were 
similar – age between 18 to 60 years, a positive 
contrast bubble study by TEE, demonstrating right 
to left shunting through PFO (either spontaneous or 
during Valsalva), and a history of stroke or TIA in 
the last 6-9 months. 

So why did recent trials succeed where three 
others had failed? 

You’ll notice that while both PC, RESPECT and 
CLOSURE trials had inclusion criteria asking for a 
positive contrast TEE for right-to-left shunt, none 
further refi ned this important aspect in order to se-
lect patients that were likely to benefi t from the clo-
sure. 

The inclusion criteria for the CLOSE trial were 
very similar with a key difference – the presence of 
a PFO with at least one of the characteristics: large 
shunt (>30 microbubbles on TEE or TTE) or PFO 
associated with ASA at TEE showing a base of the 
aneurysm > 15 mm and excursion > 10 mm. 

Of the 663 patients included in CLOSE, 238 
were allocated to PFO closure, 238 to antiplatelet 
therapy and 187 to oral anticoagulants. In the com-
parison between PFO closure and antiplatelet ther-
apy, there was a signifi cant reduction in rate of 
stroke recurrence for the closure group, but also 
increase in atrial fi brillation (4,6% vs. 0,9%, 
P<0.001) . There was no signifi cant difference be-
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tween the anticoagulation group versus antiplatelet 
therapy, even though a positive trend was seen for 
the anticoagulation group (14).

Gore-REDUCE trial was quite similar (the main 
difference was the type of occluder being used), 
with 664 patients being randomly assigned in a 2:1 
ratio to either PFO closure or antiplatelet therapy 
alone. There was a signifi cant reduction in recur-
rence rate for the closure group, but this study 
showed, too, a rise in atrial fi brillation for this 
group (6,6% versus 0.4%) (15).

A key point, therefore, is not only demonstrating 
the microembolic events but also being able to 
quantify it. While TEE has become largely availa-
ble, it is still a costly, time consuming, semi-inva-
sive maneuver that has risks on its own. Serious 
complications may be rare (0,2%) (16), but if we 
add in intolerance to the probe and all other events 
that lead to an unsuccessful examination, numbers 
are as high as 1 to 3% (17,18). A much safer and 
cheaper approach could be contrast-TCD, with bi-
lateral monitoring of the MCA. A study performed 
in 2009 examined 107 patients with PFO, assessing 
RLS by simultaneous c-TCD and c-TEE. While the 
results were not impressive for small and medium 
shunts, when 2 or more microembolic signals were 
recorded on c-TCD, they predicted a large PFO on 
c-TEE (defi ned as 30 or more microbubbles), with 
a sensitivity, specifi city and accuracy of 96.3, 96.8, 
and 96.9%, respectively (19).

We’d like to stress out that, more than TEE, 
c-TCD gives a unique view to the vascular territory 
that a Neurologist is mostly interested in – the 
brain. Coming back to our case, if 2 or more MES 
on either of the MCA strongly correlates with a 
large shunt through the PFO, then what conclusions 
can be drawn from 30 MES on both MCA? 

At this moment, the answer is that we don’t 
know. New studies are needed to investigate, corre-
late and validate this investigation, and until then, 
no medical decision can be based upon it.

Our patient was scheduled for percutaneous clo-
sure of the ASD a month away from his discharge 
from our ward. So should he be released on anti-
platelet therapy or oral anticoagulation? And if oral 
anticoagulation is chosen, then which one?

No study has this far proven the superiority of 
anticoagulation over antiplatelet therapy in pre-
venting the recurrence of cryptogenic stroke, 
whether it was associated with a PFO or not.

In WARSS trial, for example, 2206 patients with 
stroke (with or without PFO) were randomized to 
aspirin (325 mg/day) or warfarin (target, INR 1.4-
2.8), with rates of stroke recurrence, death or hem-
orrhage at 2 year follow-up being similar (20). An-
other study from Laussane prospectively followed 
140 patients with PFO and cryptogenic stroke, al-
though the treatment of either aspirin (250 mg/
day), warfarin (objective, INR=3.5) or surgical clo-
sure was left at the physician´s choice. No statisti-
cally signifi cant difference was observed between 
the groups (21).

Perhaps of most interest is a sub-analysis of 
WARSS trial, the PICSS study. The main result was 
assessing that, on medical therapy, the presence of 
PFO in stroke patients did not increase the chance 
of adverse events regardless of PFO size or the 
presence of atrial septal aneurysm. However, when 
the groups were analyzed as a comparison between 
aspirin or warfarin medical therapy, no signifi cant 
differences were found for the time to primary 
events (rate of stroke, TIA, or death at 2 years) (22). 
A more recent meta-analysis reached a similar con-
clusion (23). 

So, case closed? Not quite. While some authors 
consider the recurrence of stroke for these patients 
to be so small under Aspirin that the added risk of 
anticoagulant therapy is not justifi ed, others argue 
that therapy should be adjusted to the individual 
and not forget that, even if a clear source of venous 
thrombosis is not found, some patients should be 
treated as for such (24).

Our patient had a very low risk for bleeding, 
while showing a great number of recurrent ischem-
ic events on the cerebral MRI. But what tipped the 
scale towards oral anticoagulation was the nature 
of his job: he was a driver, often staying in driver’s 
seat for 8 to 10 hours at a time. Even if pelvic and 
lower limbs venous Doppler US could not prove 
any DVT, we still believed this to be the culprit and 
initiated anticoagulation.

In theory, anticoagulation and ESUS (related to 
an ASD or not) should work like a charm. As previ-
ously stated, the two main suspects in ESUS are 
either atrial fi brillation or deep vein thrombosis, 
both of which are currently a clear indication for 
oral anticoagulation. Even more so, we know now 
from the CRYSTAL AF and EMBRACE trials that 
the more you look for atrial fi brillation in crypto-
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genic stroke patients, the more you’ll fi nd it (12.4% 
for continuous monitoring group vs. 2% for regular 
follow-up at 12 months in CRYSTAL AF25 and 
16.1% of patients who received with 30-day event 
recorder, versus only 3.2% by 24-hour monitoring 
in EMBRACE) (26). Whatever the reason (poorly 
designed studies, overestimating recurrence rates 
and the possible outcomes, theoretical models that 
often oversimplify reality), warfarin has failed time 
and again to prove superior to antiplatelet therapy 
(27).

Currently restricted to prevention of stroke due 
to atrial fi brillation, prophylaxis and treatment of 
deep venous thromboembolism (28), NOACS may 
gain new indications in the years to come, as three 
large studies currently under way are trying to show 
their superiority to aspirin in prevention of ESUS 
recurrence. RE-SPECT ESUS is planning on ran-
domizing 6,000 patients with cryptogenic stroke on 
either Dabigatran or Aspirin (29), NAVIGATE 
ESUS is randomizing 7,000 patients on Rivarox-
aban or Aspirin (30), and ATTICUS is planning on 
enrolling 500 patients to prove the superiority of 
Apixaban to Aspirin (31).

Can a NOAC be prescribed to a young patient 
suffering an ESUS with a strong correlation to an 
ASD at this stage? Anticoagulation altogether is a 
decision that, lacking other indications, is outside 

the guidelines. While Warfarin (and vitamin K an-
tagonists) has been proven by clinical trials to be 
equal, if not better, than aspirin in prevention of 
stroke recurrence, no data exists on NOACs. If a 
high suspicion of DVT or atrial fi brillation persists 
even after a thorough work-up, one could argue 
that the NOAC is prescribed for the underlying 
cause and not the ESUS. It would have to be a 
shared decision, and a highly individualized one to 
say the least. 

Once the results will be in, perhaps the guide-
lines will be rewritten and NOACs will enter their 
predicted golden age. But as far as ASD and stroke 
go, it is unlikely that decision making will ever be 
a walk in the park.

CONCLUSION

Current evidence supports either antiplatelet 
therapy for ASD related ESUS or, in case of large 
right-to-left-shunts, percutaneous or surgical clo-
sure. Anticoagulation should be reserved to few, 
selected patients in whom the benefi ts greatly out-
weigh the risk or those who have associated condi-
tions requiring this treatment. NOACs are currently 
being investigated as an alternative in three large 
studies. 
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