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Abstract: Atrial septal aneurysm when associated to other cardiac abnormalities, such as patent foramen ovale, Chiari 

network or Eustachian Membrane, is a well-known recognised risk factor for cerebral embolism. Aim of study is to assess 

if isolated atrial septal aneurysm could be considered statistically related to cryptogenic stroke, considering the strong clini-

cal impact that this association could have on these patients outcome. 579 patients were investigated for a suspected patent 

foramen ovale using transthoracic echocardiography, in order to evaluate the presence of atrial septal aneurysm and to iden-

tify other potential cardiac embolic sources. The patients with atrial septal aneurysm underwent transcranic echodoppler 

and transoesophageal echocardiography examination with contrast solution during Valsalva manoeuvre.209/579 (36%) 

patients where we made diagnosis of atrial septal aneurysm. In this cohort of patients transcranic echodoppler showed a 

patent foramen ovale in 114/209 (54%), whereas transoesophageal echocardiography in 111/209 (53%); 6/114 (5%) pa-

tients with a positive transcranic echodoppler had a normal transoesophageal echocardiography examination and 3/95 (3%) 

with normal transcranic echodoppler had a positive transoesophageal echocardiography. Transcranic echodoppler vs. tran-

soesophageal echocardiography sensibility was 97% and specificity 94%. Only 13/98 (13%) of patients with isolated atrial 

septal aneurysm and 23/111 (26%) with patent foramen ovale had history of cryptogenic stroke. According to our data, iso-

lated atrial septal aneurysm could not be considered an independent risk factor for cryptogenic stroke. 
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1. Introduction 

Atrial septal aneurysm (ASA) is a rare deformity of the 

atrial septum that bulges into the right or the left atrium 

with uncertain clinical significance. It has been reported in 

1% of consecutive autopsies and in about 4.9% of patients 

undergoing Transoesophageal Echocardiography (TEE) 

performed for any clinical condition suggestive of the pres-

ence of emboli [1-4].  With the use of Transthoracic echo-

cardiography (TTE) and TEE, ASA can also be defined 

when the basal width of the aneurysm is more than 15 mm 

and the excursion of the dilated septum beyond the plane of 

the residual atrial septum is at least 10 mm [5]. 

ASA can be associated with right-left shunt (R-Ls) and 

patent foramen ovale (PFO) and it is unclear if when iso-

lated can be a cause of embolism, on the contrary the asso-

ciation of ASA with other cardiac abnormalities such as 

Chiari network (CN) or Eustachian Membrane (EM) is a 

well-known recognised risk factor for embolic events, such 

as cryptogenic stroke and cryptogenic stroke recurrence [5, 

6].  Furthermore, in young patients with embolic events 

the correlation of ASA and R-Ls has been reported in up to 

97% of cases [7]. Some authors have associated even an 

isolated ASA with ischemic stroke in view of its potential 

embolic role [3, 8, 9]. It has also been demonstrated a 

higher percentage of ASA in patients with cerebral embo-

lism of unknown origin (7.9%) compared to a large 

matched population-based (thus not pre-selected) control 

group (2.2%) [10]. 

The aim of our study is to assess if isolated ASA could 

be considered statistically related to cryptogenic stroke, 

considering the strong clinical impact that this association 



 

 

 

could have on these patients outcome. 

2. Methods 

Our prospective study included 579 patients (mean age 

46 years, range 12 – 70) who underwent investigations for 

a suspected PFO from October 2009 to October 2011, in 

the Cardiology Unit of the Cardio-Thoraco

partment, AOU Policlinic University of Catania. 

patients underwent: clinical evaluation, measurement of 

blood pressure and a standard 12-lead ECG, in order to 

exclude arrhythmic clinical conditions such as atrial fibri

lation (AF) and supraventricular tachyarrhythmia, which on 

their own can cause embolism. All patients with history of 

cryptogenic stroke, an echographic evaluation of carotid 

arteries were performed with the aim to assess p

causes of the stroke.  

In accordance with EAE recommendations, [11] TTE 

was the first line investigation used in order to evaluate the 

presence of ASA and to identify other potential cardiac 

embolic sources. Only patients with ASA underwent tra

scranic echodoppler (TCD) and TEE examination with co

trast solution (cTCD and cTEE). 

Figure 1. Transcranic echodoppler with flow pattern in the cerebral a

tery (a) and colordoppler visualization (b) of middle, posterior and ant

rior cerebral arteries 

cTCD (Fig.1) was performed with an Acuson Sequoia 

(3V2C probe) and all the examinations were stored in Dig

tal imaging. We performed Doppler studies of the middle, 

anterior and posterior (segments P1-

through left and right temporal projecti

imagines were considered unsatisfactory an occipital pr

jection was used to clarify. The exam included an intrav

nous administration of three to six samples of contrast m

dium in a brachial vein through a 20-gauge cannula

The contrast medium was obtained by forcefully mixing a 

solution between two 10 ml syringes, one of which co

tained 9 ml of saline solution and the other 1 ml of air. P

tient was requested to start Valsalva manoeuvre (VM) for 5 

seconds at the same moment of the infusion of the contrast 

medium. The VM was considered effective if it was able to 

reduce the flow in the cerebral artery. The passage of m

crobubbles (PM) was counted for 25 sec

of VM [12]. 

cTEE examination (Fig. 2) was performed with a 5 MHZ 

multiplane probe or with a 3.5-5 MHz multiplane, fasting 

for 3 hrs and with the use of topical oral and pharyngeal 
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Our prospective study included 579 patients (mean age 

70) who underwent investigations for 

a suspected PFO from October 2009 to October 2011, in 

Thoraco-Vascular De-

partment, AOU Policlinic University of Catania. All the 

patients underwent: clinical evaluation, measurement of 

lead ECG, in order to 

exclude arrhythmic clinical conditions such as atrial fibril-

tion (AF) and supraventricular tachyarrhythmia, which on 

their own can cause embolism. All patients with history of 

cryptogenic stroke, an echographic evaluation of carotid 

arteries were performed with the aim to assess potential 

In accordance with EAE recommendations, [11] TTE 

was the first line investigation used in order to evaluate the 

presence of ASA and to identify other potential cardiac 

embolic sources. Only patients with ASA underwent tran-

examination with con-

 

Transcranic echodoppler with flow pattern in the cerebral ar-

middle, posterior and ante-

(Fig.1) was performed with an Acuson Sequoia 

(3V2C probe) and all the examinations were stored in Digi-

tal imaging. We performed Doppler studies of the middle, 

-P2) cerebral artery 

through left and right temporal projection and when these 

imagines were considered unsatisfactory an occipital pro-

jection was used to clarify. The exam included an intrave-

nous administration of three to six samples of contrast me-

gauge cannula-needle. 

rast medium was obtained by forcefully mixing a 

solution between two 10 ml syringes, one of which con-

tained 9 ml of saline solution and the other 1 ml of air. Pa-

tient was requested to start Valsalva manoeuvre (VM) for 5 

fusion of the contrast 

medium. The VM was considered effective if it was able to 

reduce the flow in the cerebral artery. The passage of mi-

crobubbles (PM) was counted for 25 seconds after the end 

cTEE examination (Fig. 2) was performed with a 5 MHZ 

5 MHz multiplane, fasting 

for 3 hrs and with the use of topical oral and pharyngeal 

anesthetizing agents (lidocaine spray 10%). Color Doppler 

was used to help the presence 

teratrial septum was visualized in the transverse 

midesophageal four-chamber view and in the longitudinal 

biatrial–bicaval view. The diagnosis of R

when at least three microbubbles passed in the left atrium 

during the subsequent cardiac cycles. The suspected size of 

PFO was determined by the number of microbubbles that 

passed from right atrium to left atrium: a small PFO was 

defined with the passage of 3 to 9 bubbles through the f

ramen; medium with 10 to 30 bubbles, a

than 30 bubbles [13-15]. 

Figure 2. Transesophageal Ecocardiography using to evaluate the right

left shunts through atrial septum during Valsalva manoevre with 

bubbles in left atrium (b) and color aliasing across septum (d, arrow)

During the examination VM was requested at the time of 

injection of forceful mixed solution with the same modal

ties previously described for cTCD. In this case, VM was 

considered positive in the presence of a reduction of the 

diameter of the right atrium and ventricle cavity and when a 

major extension of the atrial septum was v

left atrium. 

This study complied with the Declaration of Helsinki. It 

had ethical committee approval and all the patients gave 

consent to use their data. 

2.1. Statistical Analysis 

The results were subjected to statistical analysis using 

tools for the assessment of risk factors such as calculation 

of Odds, Absolute Risk (AR), and Relative Risk (RR), the 

ODDS Ratio (OR) and Yates’s chi squared test was used.

3. Results 

In our series we have studied 579 patients (age 39+13 

years): all clinical presentation and cardiovascular risk fa

tors of these patients are summarized in Table 1:

We had 418/579 (72%) female patients and 161/579 

(28%) male patients. 306/579 (53%) o

ported history of cardiovascular disease. Smoking, diabetes 

and dyslipidemia were a risk factor in 208/579 (36%), 

133/579  

49 

anesthetizing agents (lidocaine spray 10%). Color Doppler 

was used to help the presence of shunts detection. The in-

teratrial septum was visualized in the transverse 

chamber view and in the longitudinal 

bicaval view. The diagnosis of R-Ls was done 

when at least three microbubbles passed in the left atrium 

subsequent cardiac cycles. The suspected size of 

PFO was determined by the number of microbubbles that 

passed from right atrium to left atrium: a small PFO was 

defined with the passage of 3 to 9 bubbles through the fo-

ramen; medium with 10 to 30 bubbles, and large with more 

 

Transesophageal Ecocardiography using to evaluate the right-

through atrial septum during Valsalva manoevre with micro-

left atrium (b) and color aliasing across septum (d, arrow) 

During the examination VM was requested at the time of 

injection of forceful mixed solution with the same modali-

ties previously described for cTCD. In this case, VM was 

considered positive in the presence of a reduction of the 

and ventricle cavity and when a 

major extension of the atrial septum was visible through the 

This study complied with the Declaration of Helsinki. It 

had ethical committee approval and all the patients gave 

The results were subjected to statistical analysis using 

tools for the assessment of risk factors such as calculation 

of Odds, Absolute Risk (AR), and Relative Risk (RR), the 

ODDS Ratio (OR) and Yates’s chi squared test was used. 

In our series we have studied 579 patients (age 39+13 

years): all clinical presentation and cardiovascular risk fac-

nts are summarized in Table 1: 

We had 418/579 (72%) female patients and 161/579 

(28%) male patients. 306/579 (53%) of the patients re-

ported history of cardiovascular disease. Smoking, diabetes 

and dyslipidemia were a risk factor in 208/579 (36%), 
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Table 1. Clinical characteristics of patients

 
Patients number (total 

579)

Male/Female 161/418

Migraine with Aura 222

Cryptogenic Stroke 144

Vertigo 

Prior diagnosis of ASA 131

History of CVD in I degree relatives 306

Smoke 208

Diabetes 133

Dyslipidemia 197

Trombophilia 

(23%) and 197/579 (34%) respectively. Positive 

philia screen (which included antiphospolipids antibodies, 

protein C and S deficit and Factor V deficit) was reported 

positive in 41/579 (7%) patients. 222/579 (38%) patients 

complained of migraine with aura, 82/579 (14%) of vertigo 

and 131/579 (23%) patients were with no symptom, but 

with a previous detection of ASA. 144/579 (25%) had in 

their past medical history at least one episode of cryptog

netic stroke. 

209/579 (36%) patients where we made diagnosis of 

ASA using ETT. Afterwards, all patients 

went cTCD and cTEE (Fig. 3). 

Figure 3. Evidence of right-left atrial shunt in patients with 

aneurysm (ASA) at Transthoracic Ecocardiography (TTE), evaluated by 

Contrast Transcranic echodoppler (cTCD) or Contrast

Ecocardiography (cTEE) 

 Septal Aneurysm Is Always Linked to Right-Left Shunt and Cardioembolic Risk

Clinical characteristics of patients 

Patients number (total 

579) 
% 

161/418 28/72 

222 38 

144 25 

82 14 

131 23 

306 53 

208 36 

133 23 

197 34 

41 7 

(23%) and 197/579 (34%) respectively. Positive trombo-

philia screen (which included antiphospolipids antibodies, 

protein C and S deficit and Factor V deficit) was reported 

positive in 41/579 (7%) patients. 222/579 (38%) patients 

complained of migraine with aura, 82/579 (14%) of vertigo 

patients were with no symptom, but 

with a previous detection of ASA. 144/579 (25%) had in 

their past medical history at least one episode of cryptoge-

209/579 (36%) patients where we made diagnosis of 

ASA using ETT. Afterwards, all patients with ASA under-

 

left atrial shunt in patients with atrial septal 

aneurysm (ASA) at Transthoracic Ecocardiography (TTE), evaluated by 

or Contrast Transesophageal 

Table 2. Accuracy of cTCD vs. cTEE in detecting patent foramen ovale

 
c-TEE: 

PFO + 

c-TEE: 

PFO - 

Sensitivi-

ty (%) 

cTCD:  

PFO + 
108 6 

97 
cTCD:  

PFO - 
3 92 

cTCD: contrast transcranic echodoppler; cTEE: two

transesophageal echocardiography; PFO: patent foramen ovale; PPV: 

predictive positive value; PNV: predictive negative value

cTCD examination in this cohort of patients showed a 

PFO in 114/209 (54%) and among these 18/114 (16%) was 

a category 1 shunt (PFO small), 12/114 (10%) was a cat

gory 2 shunt (PFO mild) and 84/114 (74%) was a category 

3 shunt (PFO large). 95/209 (46%) had norm

exam.  cTEE examination showed: 6/114 (5%) patients 

with a positive cTCD had a normal cTEE examination. On 

the contrary, 3/95 (3%) patients with normal cTCD exam

nation had a positive cTEE. In summary, when cTEE e

amination was used we had 111/209

these patients 12/111 (11%) had a small shunt, 9/111 (8%) 

had an mild shunt and 90/111 (81%) had a large shunt.  

98/209 (46,8%) patients had an isolated ASA. cTCD vs 

cTEE sensibility was 97%, specificity 94% and accuracy 

96% (Table 2). 

Figure 4. Percentage of patients with history of cryptogenic stroke in 

group with atrial septal aneurysm (ASA) and in group with ASA and 

ASA+PFO 

Of the 98/209 patients with isolated ASA only 13 (13%) 

patients had history of cryptogenic stroke with an OR 

(CI: 0.14-0.57) (p<0.001), whereas 23/111 (26%) with pa

ent foramen ovale patients (Fig. 4). Patients with isolated 

ASA and stroke there was a strong male 

lence (9 male/ 4 female).  

4. Discussion 

It may be very challenging to study the 

isolated ASA in cryptogenic stroke, because it is often a

sociated with PFO presence and it is not very common in 

general population. Moreover, there are controversial liter

ture data on its emboligenic potential when isolated, both in 

promoting the income of a “brand new” cryptogenic stroke, 

stroke recurrence or to worsen the level and gravity of 

white matter lesions in stroke patients; while it is quite 

nd Cardioembolic Risk 

Accuracy of cTCD vs. cTEE in detecting patent foramen ovale 

 

Specificity 

(%) 

PPV 

(%) 

PNV 

(%) 

Accura-

cy (%) 

94 95 97 96 

cTCD: contrast transcranic echodoppler; cTEE: two-dimensional contrast 

transesophageal echocardiography; PFO: patent foramen ovale; PPV: 

predictive positive value; PNV: predictive negative value 

examination in this cohort of patients showed a 

PFO in 114/209 (54%) and among these 18/114 (16%) was 

a category 1 shunt (PFO small), 12/114 (10%) was a cate-

gory 2 shunt (PFO mild) and 84/114 (74%) was a category 

3 shunt (PFO large). 95/209 (46%) had normal c-TCD 

exam.  cTEE examination showed: 6/114 (5%) patients 

with a positive cTCD had a normal cTEE examination. On 

the contrary, 3/95 (3%) patients with normal cTCD exami-

nation had a positive cTEE. In summary, when cTEE ex-

amination was used we had 111/209 (53%) with PFO; of 

these patients 12/111 (11%) had a small shunt, 9/111 (8%) 

had an mild shunt and 90/111 (81%) had a large shunt.  

98/209 (46,8%) patients had an isolated ASA. cTCD vs 

cTEE sensibility was 97%, specificity 94% and accuracy 

 

Percentage of patients with history of cryptogenic stroke in 

group with atrial septal aneurysm (ASA) and in group with ASA and 

Of the 98/209 patients with isolated ASA only 13 (13%) 

patients had history of cryptogenic stroke with an OR 0.28 

0.57) (p<0.001), whereas 23/111 (26%) with pat-

ent foramen ovale patients (Fig. 4). Patients with isolated 

ASA and stroke there was a strong male vs female preva-

It may be very challenging to study the real impact of 

isolated ASA in cryptogenic stroke, because it is often as-

sociated with PFO presence and it is not very common in 

general population. Moreover, there are controversial litera-

ture data on its emboligenic potential when isolated, both in 

ting the income of a “brand new” cryptogenic stroke, 

stroke recurrence or to worsen the level and gravity of 

white matter lesions in stroke patients; while it is quite 
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clear its role as an adjunctive risk factor in presence of R-L 

shunt [3, 8-11, 16].  

In agreement with literature, in our series we did not find 

significant differences in the prevalence of PFO in relation 

to gender [17] while we found high male/female prevalence 

(70% vs 30%) in patients with isolated ASA and stroke.  

In our series we have found a quite higher presence of 

ASA (36% of our patients) in comparison with general 

population presence (2, 2%) [5]. This could be easily ex-

plained by considering that many of our patients were sent 

to our observation to assess the presence of a R-L shunt 

after a TTE performed for other reasons which then re-

vealed the presence of ASA.  

There is a direct relationship between the size of a shunt 

through a PFO and the risk of illness PFO related. More-

over, the risk of stroke appears to be increased in the pres-

ence of defects that direct flow towards a PFO, for example 

in patients with a prominent EM or hemodynamic changes 

that increase right-sided pressure (such as a large pulmo-

nary embolism) which can promote a R–L shunt. 

If there is a R-L shunts suspicion, TTE should be consid-

ered the first line examination, which could at the same 

time help to diagnose the presence of ASA or atrial poten-

tial cardiogenic embolic factors. 

Currently, TEE associated with intravenous injection of 

agitated saline contrast represents the reference imaging 

technique for anatomical and functional definition of the 

interatrial septum and measurement of PFO size [12]. 

However, TEE is a semi-invasive procedure burdened with 

patient discomfort, procedural risk, and significant time 

consumption. 

In previous study, Monte and coll. [18] showed a rela-

tionship between the size of the PFO and accuracy of 3D 

transthoracic Echocardiography, with false-negative cases 

limited to patients with small size of PFO (<2 mm) and 

poor acoustic windows. 

Several studies have shown that the cTCD is a safe tech-

nique, with high sensitivity and specificity and a good al-

ternative to the cTEE for R-L shunt diagnosis (sensitivity 

92%, specificity 97% for cTCD versus 100% for cTEE if 

the latter is accepted as the gold standard) [4,12-13,19]. 

Even though cTCD could be considered a good alternative 

to c-TEE, in patients with ASA we still believe that a cTEE 

should also performed, because it allows visualizing di-

rectly the septal anatomy and confirming the ASA presence 

and it can quite easily distinguish between the various 

causes of interatrial shunt (PFO vs. DIA) with colour flow 

mode. 

In our series we did not found a statistical correlation be-

tween isolated ASA and cryotogenic stroke; this is a quite 

interesting result because it is demonstrated that, even 

though ASA could be considered as an emboligenic condi-

tion by itself, it is not statistically related to stroke income 

when there is no a demonstrated R-L shunt. Moreover in 

our series only 13/579 (2%) had a neurological ischemic 

event with an ASA but with no R-L shunting. 

According to our results, we can state that all patients 

with ASA, particularly patients with history of cryptogenic 

stroke, should undergo a cTEE to detect PFO presence and 

a carefully examination of the septal anatomy to detect the 

shunt direction should be performed. 

If PFO is present in absence of other potential stroke 

causes we usually counselling the patients in the treatment 

of the defect. In addition, if there is no a R-L shunt the pa-

tient should be resent to a specialist neurologic centre to 

have a diagnostic work-up to look for other causes of cryp-

togenetic stroke. 

5. Conclusions 

According to our data, we can conclude that isolated 

ASA could not be considered an independent risk factor for 

cryptogenic stroke; all patients with stroke and ASA should 

undergo a full diagnostic workup to assess the presence of 

R-L shunting with a mandatory use of cTEE. If R-L shunt 

presence is not confirmed by cTEE, these patients should 

be referred for a neurologist opinion and a diagnostic stroke 

workup in order to look for other cryptogenetic stroke 

causes is warrant. 
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