
 

 

Introduction 
 
Coexistent atrial septum aneurysm (ASA) has 
been reported in past studies as an important 
risk factor or contributor for recurrent stroke in 
patients with patent foramen ovale [1-4]; thus 
its stabilization during percutaneous closure of 
patent foramen ovale (PFO) remains one of the 
goals of the closure procedure. Many “ad hoc” 
devices and strategies have been proposed to 
treat PFOs associated with moderate or large 
ASAs. These include the use of large devices to 
cover the entire ASA [5], transseptal puncture to 

deploy the device as centrally as possible with 
respect to the fossa ovalis [6], the implantation 
of multiple devices [7], and finally medical ther-
apy alone; nonetheless, none have proven 
ideal. Currently available devices are not de-
signed specifically for ASA: this anatomical con-
dition mandates a relatively stiff device with 
equal diameter portions on both atrial sides to 
stabilize and reconfigure the aneurysmal intera-
trial septum. The only device with such charac-
teristics, the Amplatzer Cribriform Occluder, has 
been designed for multiperforated interatrial 
septum and its use in moderate or large ASA 
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Abstract: Background: Treatment of patients with concomitant patent foramen ovale (PFO) and atrial septal aneu-
rysm (ASA) poses a number of challenges; while some authors have suggested the off-label use of the Amplatzer 
Cribriform Occluder in such anatomy, the long-term outcomes of this strategy is unknown. Our study aimed to assess 
the long-term impact on closure rate, left atrial functional remodelling, and clinical outcomes of off-label implantation 
of Amplatzer ASD Cribriform Occluder in patients with PFO and ASA. Methods: We prospectively enrolled 160 con-
secutive patients with previous stroke (mean age 36 ± 9.5 years, 109 females), significant PFO and ASA. All patients 
were treated with Amplatzer Cribriform Occluder to ensure the most complete possible coverage of the ASA. Residual 
shunt and LA passive and active emptying, LA conduit function, and LA ejection fraction were computed before and 
after 6 months from the procedure and then yearly. All patients underwent successful transcatheter closure (mean 
ratio device/diameter of interatrial septum = 0.74). Results: Incomplete ASA coverage during intraprocedural in-
tracardiac echocardiography was observed in 71 patients. During mean follow-up of 3.6 ± 1.8 years, when compared 
to patients with complete coverage, there were no differences in LA functional parameters and complete occlusion 
achieved in 150/160 patients (93.7%). No new cerebral ischemic events, aortic erosions or device thrombosis were 
recorded during the follow-up. Conclusions: The use of the Amplatzer ASD Cribriform to treat PFO and associated ASA 
seems safe and effective: relatively small Occluder devices are probably effective enough to promote left atrial func-
tional remodelling. 
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has been only suggested [8-9]: its long-term 
safety and efficacy in this setting has never 
been reported. Our study aimed to assess the 
long-term impact on closure rate, left atrial 
functional remodelling, and clinical outcomes of 
off-label implantation of Amplatzer ASD Cribri-
form Occluder in patients with concomitant PFO 
and ASA. 
 
Materials and methods 
 
From December 2005 to December 2009, We 
prospectively enrolled 160 consecutive patients 
with previous stroke (mean age 36 ± 9.5 years, 
109 females), significant PFO, and moderate to 
large ASA on echocardiography (at least 3 RL to 
5 RL following the Olivares classification [10]) 
referred to our centre for catheter-based PFO 
closure according to standard indications [11]. 
All patients were treated with Amplatzer Cribri-
form Occluder to ensure the most complete 
possible coverage of the ASA in compliance with 
a maximal device/ interatrial septum length 
ratio of 0.80. Written informed consent was 
obtained from all patients enrolled in the study. 
Residual shunt and LA passive and active emp-
tying, LA conduit function, and LA ejection frac-
tion were computed before and after 6 months 
from the procedure and subsequently yearly by 
transcranial Doppler (TDC) and transthoracic 
echocardiography (TTE); and compared with a 

control group formed by 40 voluntary healthy 
subjects investigated with TTE at study initia-
tion. 
 
Echocardiographic protocols and definitions 
 
Transthoracic and transesophageal echocardi-
ography (TEE) was conducted using a GE Vivid 7 
(General Electric Corp., Nowrfolk, VI, USA) one 
month before the procedure and repeated at six 
months post-closure: LA volumes and function, 
as well as shunt degree as assessed by con-
trast injection and Valsalva maneuver under 
local anaesthesia, were recorded [12].  
 
LA passive and active emptying, LA conduit 
function, and LA ejection fraction were evalu-
ated by TTE before and 1 month after PFO clo-
sure. Assessed parameters included: LA vol-
umes as determined at the mitral valve opening 
(maximal, Vmax) at the onset of atrial systole (P 
wave of the electrocardiogram, Vp) and at mitral 
valve closure (minimal, Vmin), from the apical 
two- and four-chamber views by means of the 
biplane area-length method via software within 
the system. The following formula was used to 
calculate LA volume [13-14]: Volume= 8· 4· Ach 
(A2ch/3Π) · common length (where A4ch and 
A4ch = LA area in 4- and 2-chamber views, re-
spectively). LA functional parameters were cal-
culated as described in Table 1. LA ejection 

Table 1. Demographic, clinical, and echocardiographic features of enrolled patients 
  Healthy Controls 

n°40 
Enrolled patients 

n°160 
p 

Age 37.4±11. 1 36±9.5 ns 

Male/Female 16/24 51/109 ns 

Heart rate 73.3±12. 7 76.8±10. 2 ns 

Body surface 1.78±0.2 1.69±0.2  ns 

iTDV (ml/m2) 73.1±13.5 70.4±17.0 ns 

Suga index 6.36±2.1 6.1±2.3 ns 

Systolic pulmonary pressure (mmHg) 14.6±2.4 14.8±1.9 ns 

TC-D  shower pattern 0 62/160 (38.7%) <0.01 

TC-D  curtain pattern 0 98/160 (61.2%) <0.01 

Basal shunt on TEE without Valsalva 0 112/160 (70%) <0.01 
R-L shunt on TEE:      
-moderate 
-large 

0 
0 

58/160 (36.2%) 
102/160 (63.7%) 

<0.01 
<0.01 

ASA (TEE): 
≥3 RL or LR ASA 

0 
0 

160/160 (100%) 
99/160 (61.8%) 

<0.01 
<0.01 

ASA: atrial septal aneurysm; iTDV: indexed telediastolic LV volume; PFO: patent foramen ovale; TC-D: transcranial Doppler; 
TEE: transesophageal echocardiography. 
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fraction served as a measure of LA systolic per-
formance; and acceleration (SAT) and decelera-
tion (SDT) times of systolic phase of pulmonary 
venous flow (PVF) corresponded to LA relaxation 
and compliance, respectively. The pre- and post
-operative echocardiographic findings were 
evaluated by two blinded physicians. ASA were 
classified following Olivares et al [10]. Residual 
shunt was assessed by contrast TEE and TCD 
[12-15]. 
 
Intracardiac echocardiography protocol 
 
Enrolled patients underwent intra-procedural 
intracardiac echocardiographic (ICE) assess-
ment using the mechanical 9F 9MHz UltraICE 
catheter (EP Technologies, Boston Scientific 
Corporation, San Jose, CA, USA). The ICE study 
was conducted as previously described [16], by 
performing a manual pull-back from the supe-
rior vena cava to the inferior vena cava through 
5 sectional planes. ICE monitoring of the im-
plantation procedure was conducted in the 4-
chamber plane. Particular attention was given 
to measurement of the diameter of the entire 
length of the interatrial septum in the aortic 
valve plane: our institutional policy was to im-
plant devices of diameter not exceeding a ratio 
device/length of the interatrial septum of 0.8, 
to minimize risk of erosion and atrioventricular 
valves interferences.  
 
Closure protocol 
 
Combined antibiotic therapy (gentamicin 80 mg 
plus ampicillin 1 g or Vancomicin 1 g, if allergy, 
had been recorded on anamnesis) was adminis-
tered intravenously 1 hour before the proce-
dure. The right femoral vein was catheterized 
through an 8F sheath and used for pre-closure 
right heart catheterization; the sheath was sub-
sequently replaced with a 10 or 12F long 
sheath for device implantation. The left femoral 
vein was catheterized with an 8F sheath and 
replaced with a precurved 9F long sheath for 
ICE study.  
 
On the basis of ICE study and the extent of ASA, 
we implanted the Amplatzer ASD Cribriform Oc-
cluder (AGA Medical Corp., Plymouth, MN, USA) 
25, 30, or 35 mm, a well-known device com-
posed of two parallel nitinol wire-mesh disks. 
This device was selected for its rigid structural 
design, offering superior interatrial septal stabi-
lization and less residual shunt, as compared to 

other devices [17]. Eventual multifenestrated 
ASA was approached with previously described 
multi-wire technique [18]. 
 
Follow-up protocol 
 
All patients were administered aspirin 100 mg/
day for 6 months after the procedure. Follow-up 
evaluations consisted of TEE at 1 month, with 
mandatory repeat study at 6 months if even 
minimal shunt was detected. Post-procedural 
assessment further included TTE at 1, 6, and 
12 months; TCD at 1 month; Holter monitoring 
at 1 month; and combined cardiologic and neu-
rological visit at 1, 6, 12 months. 
 
Statistical analysis 
 
Subject pre-procedural TTE and TEE values 
were compared to those obtained in the control 
group and at 6-month and at last follow-up 
echocardiographic examination. All values were 
corrected for R-R interval and body surface 
area. Chi-square, ANOVA, and paired T-student 
tests were used to compare frequencies and 
continuous variables between groups. Statisti-
cal analysis was performed using a statistical 
software package (SAS for Windows, version 
8.2; SAS Institute; Cary, NC). A probability value 
of < 0.05 was considered to be statistically sig-
nificant.  
 
Results 
 
When compared with healthy subjects, the en-
rolled patients at baseline demonstrated 
greater reservoir function and passive and ac-
tive emptying, but lower conduit function and LA 
ejection fraction (Table 2). Mean LAA peak flow 
velocity was 45.3 ± 16.7 cm/s, not significantly 
different from the control group. 
 
All patients underwent successful transcatheter 
closure (25 mm device in 141 patients, 30 mm 
device in 20 patients, and 35 mm in 9 patients; 
mean ratio device/diameter of interatrial sep-
tum = 0.74). Incomplete ASA coverage was ob-
served in 71 patients on both orthogonal views 
during intraprocedural ICE. Complete occlusion 
was globally achieved immediately in 134/160 
patients (83.7%). Table 2 demonstrated a non-
significant difference in complete occlusion rate 
at 12 months follow-up between complete and 
incomplete coverage patients, with predomi-
nance of small shunts in incomplete coverage 
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group and trivial shunts in complete coverage 
group (global complete occlusion at 12 months 
93.7%). At last follow-up echocardiographic con-
trol, after a mean of 3.6 ± 1.8 years (range 1 to 
5 years), active and passive emptying, as well 
as conduit function and LA ejection fraction, 
tended to normalize in both complete and in-
complete coverage groups (Table 3) to levels of 
healthy subjects, reflecting shrinkage of the 
uncovered ASA portion.  
 
Aside from four patients in the incomplete cov-
erage group with episodes of AF lasting up to 
48 hours, no other peri-operative or long-term 
complications, including ictus or transient 
ischemic attack recurrence, were observed in 
the enrolled patients. Interestingly, no device-
related thrombosis or aortic erosions were ob-
served on follow-up echocardiography, which 
also confirmed shrinkage of the uncovered ASA 
portion in the incomplete coverage group with 
diminution of the maximum atrial septal excur-
sion from 21.3 ± 2.4 to 7.1 ± 2.5 mm (p<0.01). 
This value compared well with the maximum 
excursion of the complete coverage group (from 
16.8 ± 1.6 to 5.5 ± 1.5 mm, p<0.01).  

Discussion 
 
Our study suggests that treatment of PFO and 
associated ASA with the Amplatzer Cribriform 
Occluder device is safe and effective, resulting 
in low rate of residual shunt even in presence of 
incomplete ASA coverage. In particular, our data 
demonstrated that the strategy of maintaining a 
ratio of device diameter/ interatrial septum di-
ameter < 0.8 is sufficient to promote the fibrotic 
healing process even in the uncovered portion 
of the ASA, resulting in positive effect on left 
atrial functional remodelling. Beneficial shrink-
age of the uncovered portion of ASA during the 
fibrotic healing process with stabilization of the 
interatrial septum was suggested by the nor-
malization of LA parameters of active and pas-
sive emptying, as well ejection fraction, which, 
as previously investigated [19-20], are clearly 
altered in PFO patients with ASA.  

 
The presence of ASA likely contributes to the 
pathophysiology of paradoxical embolism, and it 
remains a challenge for PFO treatment. Pres-
ence of ASA or hypermobility of the atrial sep-
tum have been implicated as independent pre-

Table 2. Comparison of complete occlusion rates between complete and incomplete coverage groups 
over the first 12 months after the closure procedure. 
  3 months 6 months 12 months 
Complete coverage group 
(89 patients) 

89.8% 
(7 trivial, 2 small shunt) 

93.2% 
(5 trivial, 1 small shunt) 

94.3% 
(4 trivial shunt, 1 small) 

Incomplete coverage group 
(71 patients) 

76.0% 
(9 trivial, 8 small shunts) 

88.7% 
(4 trivial, 4 small shunt) 

92.9% 
(2 trivial, 3 small shunts) 

 

Table 3. Echocardiographic data of healthy subjects and study group before and after closure (not ad-
justed for type I error risk). 
  Healthy 

Subjects 
n°40 

Patients 
before closure 

n°160 

Incomplete 
coverage 

after closure 
n°71 

Complete co-
verage 

after closure 
n°89 

  
  
  
p 

Systolic Acceleration Time 
Systolic Deceleration Time 

202.1±42.1 
211.3±50.1 

182.5±52.0 
252.1±63.0 

199.9±42.9 
214.2±52.0 

201.2±40.3 
213.3±54.0 

0.03 
0.02 

Reservoir function (ml/mq*sec-0.5) 33.18±13.53 38.55±10.92 34.1±11.51 32.6±10.7 0.04 

LA passive emptying (ml/mq*sec-0.5) 25.2±11.30 31.35±10.05 26.2±9.8 26.1±10.20 0.04 

LA conduit function (ml/mq*sec-0.5) 29.9±12.1 27.95±10.54 29.0±11.0 30.07±12.0 0.04 
LA active emptying (ml/mq*sec-0.5) 14.2±10.5 16.75±4.90 14.8±3.20 15.0±6.70 0.02 

LA passive emptying fraction (%) 0.31 ±0.27 0.22±0.07 0.31±0.45 0.32±0.65 0.02 

LA conduit fraction (%) 1.08±0.77 0.84±0.55 1.08±0.53 1.10±0.95 0.04 

LA  active  emptying fraction (%) 0.41±0.18 0.34±0.10 0.37±0.19 0.38±0.20 0.01 

LA ejection fraction (%) 0.60±0.12 0.50±0.6 0.61±0.6 0.63±0.86 0.03 
LA: left atrial atrium 
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dictors of stroke recurrence, with a hazard ratio 
of 6.04 [21-22], as well as affect closure rate in 
large series [23-23]. Moreover, in previous stud-
ies, the concomitant presence of PFO and ASA 
has been correlated with increase in white mat-
ter lesions in ischemic stroke patients [25] and 
also with  impaired left atrial and left atrial 
auricular function [26-27]. 
 
The coexistence of ASA poses obvious technical 
challenges in percutaneous treatment of the 
symptomatic PFO. In specific, a large ASA can 
frequently distort the PFO opening so that it lies 
eccentrically with respect to the ASA and oval 
fossa. In such cases, complete ASA coverage is 
accomplished only by a large device or with one 
approximating the length of the interatrial sep-

tum, a strategy carrying the inherent risks asso-
ciated with large sized devices (Figure 1). In-
deed, the implantation of large devices of 30 
mm or more, if exceeding the length of the in-
teratrial septum, have been correlated with mid- 
and long-term complications including in-
creased frequencies of arrhythmias, device 
thrombosis, aortic and atrial erosions [28], and 
residual shunt [29]. While these occurrences 
are potentially hazardous in every patient, they 
are especially regrettable in young patients.  
 
The uses of other techniques, such as transsep-
tal puncture, have similar potential drawbacks, 
including pericardial effusion, tamponade, and 
aortic puncture [6]. In the case of multiperfo-
rated ASA, the multiple-device technique of 

Figure 1. Incomplete coverage and complete coverage of ASA associated to PFO: PFO and associated huge ASA (5 
RL) as visualized during ICE monitoring before (A) and after (B) 30 mm Amplatzer ASD Cribriform Occluder implan-
tation. Note the uncovered ASA portion after device release (arrow). PFO and moderate ASA (3 LR) before (C) and 
after (D) implantation of a 25 mm Amplatzer ASD Cribriform Occluder with complete coverage of the ASA. 



Atrial septal aneurysm and left atrial remodelling  

 
 
73                                                                                                             Am J Cardiovasc Dis 2012;2(1):68-74 

crossing all the eventual fenestrations, with 
multiple device implantation, while feasible 
[30], does not prevent device/interatrial septal 
misalignment or aortic impingement. 
 
The use of the Amplatzer ASD cribriform Oc-
cluder, a device specifically designed for cribro-
sus secundum ASD, in patients with PFO and 
associated ASA was initially described firstly in 
2008 by Silvestry et al [8] and in 2009 by 
Musto and colleagues [9]. Both series reported 
excellent immediate success and good occlu-
sion rate during short-term follow-up. Our data 
confirmed these findings; moreover, our data 
have continued to demonstrate a high occlusion 
rate with absence of complications during long-
term follow-up. 
 
In conclusion, limitations including the relatively 
small sample size, lack of randomization, as 
well as short-term follow-up limit the widespread 
applicability of our findings. Nontheless, the 
present study, to our knowledge, is the first to 
suggest long-term efficacy and safety of the 
Amplatzer ASD Cribriform Occluder in treatment 
of ASA associated with PFO in symptomatic pa-
tients. Finally, the study offers reassurance that 
even an incomplete coverage of the ASA using a 
device smaller than the ASA extension may be 
sufficient to promote positive remodelling of the 
left atrium.  
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