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Abstract
Aims: Residual shunt following percutaneous patent foramen ovale (PFO) closure has been described in 
up to 49% of patients and is associated with recurrent cerebrovascular events. Our aim was to evaluate the 
safety, feasibility, and midterm outcomes of transcatheter residual shunt closure.

Methods and results: From 1994 to July 2016, 2,679 patients underwent transcatheter PFO closure for 
treatment of presumed paradoxical embolism at our institution. Among them, 100 patients (3.7%) were 
referred for residual shunt closure. They constituted the study population for which a retrospective analy-
sis of the prospectively gathered procedural data was performed along with prospective acquisition of fol-
low-up data. The indication for initial PFO closure was an ischaemic cerebrovascular event in 85% of the 
patients. Patients underwent transoesophageal echocardiography (TOE) for PFO diagnosis and again for 
residual shunt assessment at about six months. All procedures were performed under fluoroscopic guid-
ance only. At the first procedure, 10 different devices had been used. The AMPLATZER PFO Occluder 
accounted for 54% and the AMPLATZER Cribriform Occluder for 28%. Compared to the whole popula-
tion (n=2,679), a significantly higher rate of atrial septal aneurysm (58% versus 36%; p=0.024), a larger 
proportion of shunt grade 3 at baseline (97% versus 78%; p<0.001), and a larger size (≥30 mm) of the first 
implanted device (47% versus 13%; p<0.001) were observed in the patients with residual shunt. Six patients 
(6%) experienced a recurrent TIA or ischaemic stroke before the second intervention. Residual shunt clo-
sure was successful in all but two patients. A second AMPLATZER PFO Occluder was used in the majority 
of the repeat interventions (76%). There were no complications. TOE, obtained again after 7±5 months in 
88 of the 98 patients with a device in place (90%), showed complete closure in 81%. In eight patients (0.3% 
of the whole cohort), a third device was implanted, resulting in complete closure in all.

Conclusions: Transcatheter residual shunt closure after initial percutaneous PFO closure can be safely 
performed under fluoroscopic guidance only and achieves complete closure in most patients. The use of 
larger devices, typically prompted by intricate anatomy, represents a risk factor for shunt persistence and 
the need for reintervention.
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Management of residual shunt after PFO closure

Abbreviations
ASA atrial septal aneurysm
ASD atrial septal defect
PFO patent foramen ovale
TIA transient ischaemic attack
TOE transoesophageal echocardiography
TTE transthoracic echocardiography

Introduction
The association of a patent foramen ovale (PFO) with cryptogenic 
stroke, first reported independently by Lechat et al1, and Webster 
et al2 in 1988, has been repeatedly confirmed in older patients 
(>55 years)3-5. Under medical treatment alone, patients with cryp-
togenic stroke related to PFO are at risk of recurrence, with yearly 
stroke rates reported to be from 0.6 to 12.0%6,7. The risk is par-
ticularly pronounced in patients with associated atrial septal aneu-
rysm (ASA)6,8. Numerous observational studies have suggested the 
superiority of percutaneous PFO closure over medical treatment 
for secondary prevention of paradoxical embolism7,9-11. One even 
showed a mortality benefit of PFO closure at 10 years of follow-
up11. However, the superiority of PFO closure failed to be unequi-
vocally confirmed in three randomised trials published to date12-14. 
Importantly, all three trials numerically supported closure but pre-
sented methodical flaws potentially impacting on their ability to 
discern differences effectively15. While the intention-to-treat analy-
sis of the largest trial did not reach statistical significance, the as-
treated analysis supported better outcome in the patients of the 
closure group14. In the first of these trials (CLOSURE: Evaluation 
of the STARFlex septal closure system in patients with a stroke and/
or transient ischaemic attack due to presumed paradoxical embolism 
through a patent foramen ovale), a high rate of residual shunting 
(24%) was reported using the since abandoned STARFlex occluder 
device. This may have negatively impacted on the clinical outcomes 
of the patients included in the intervention group12.

Overall, residual shunt following percutaneous PFO closure 
has been described in up to half of the patients with strong vari-
ability according to the type of device used16. Moderate to severe 
residual shunting after attempted PFO closure has been related to 
an increased risk of recurrence17. However, data specifically ana-
lysing repeat intervention are limited18-23. The aim of the present 
study was to investigate the safety, feasibility, and midterm out-
come of repeat transcatheter closure as a management strategy for 
significant residual shunts.

Methods
PATIENTS
From 1994 to July 2016, 2,679 patients underwent transcatheter 
PFO closure for treatment of presumed paradoxical embolism 
at our institution. Spontaneous or provoked right-to-left shunt 
was semi-quantitatively graded according to the number of bub-
bles crossing the interatrial septum on a single frame at trans-
oesophageal echocardiography (TOE): grade 0=none, grade 
1=minimal (1-5 bubbles), grade 2=moderate (6-20 bubbles), and 

grade 3=severe (>20 bubbles)2. Residual shunt grades 1, 2, and 
3 were diagnosed in 7%, 3%, and 2%, respectively. Among the 
patients with residual shunt grade ≥2 (5%), 100 patients (3.7%) 
were referred for residual shunt closure and constituted the study 
population. After informed patient consent, data were prospec-
tively collected and entered into a dedicated databank. For this 
subgroup study, a retrospective analysis of the prospectively gath-
ered procedural data was performed along with prospective acqui-
sition of follow-up data.

Paradoxical embolism was assumed in patients fulfilling the 
following criteria: (1) the presence of a PFO detected on TOE, (2) 
radiologically or clinically confirmed ischaemic stroke, transient 
ischaemic attack (TIA), or peripheral embolism (including myo-
cardial infarction), and (3) exclusion of any concurrent cardiac, 
aortic, or cerebrovascular causes during standardised work-up 
encompassing colour-coded Duplex ultrasound of the extracranial 
and intracranial arteries, TOE, and 24-hour electrocardiography.

ECHOCARDIOGRAPHY
The diagnosis of PFO, ASA, and residual shunt after about six 
months of follow-up was based on contrast TOE performed under 
conscious sedation. An aerated colloid solution was injected into 
an antecubital vein at the end of a sustained Valsalva manoeuvre. 
This was repeated at least once in each patient. PFO was defined as 
a flap-like opening in the atrial septum between the septum secun-
dum and the septum primum allowing permanent or transient right-
to-left shunt. ASA was defined as an abnormally redundant septum 
primum with an excursion of >10 mm into the right or left atrium 
and a diameter at the base of the aneurysm of at least 15 mm 24.

INITIAL PERCUTANEOUS PFO CLOSURE
The initial intervention was performed with mild or no seda-
tion under local anaesthesia and fluoroscopic guidance only, as 
described previously17. Balloon sizing, intraprocedural guidance 
by TOE or intracardiac echocardiography was not used in any 
case. However, most patients had undergone contrast TOE prior 
to the intervention for initial diagnosis of PFO and anatomical 
assessment of the interatrial septum. Device selection was at the 
discretion of the performing physician. Priority was given to the 
AMPLATZER™ PFO Occluder (Abbott Vascular, Santa Clara, 
CA, USA, formerly St. Jude Medical) (available since 1997) and 
the AMPLATZER Cribriform Septal Occluder (Abbott Vascular) 
due to documented superior performance regarding procedural 
complications and complete shunt closure16,25.

STUDY ENDPOINTS
Our aim was to evaluate the feasibility and safety of transcatheter 
residual shunt closure. Feasibility was defined as successful 
implantation of the device into the correct position at the time the 
patient left the catheterisation laboratory. Safety was defined as 
the absence of procedural and in-hospital complications, including 
vascular injury, bleeding, device embolisation, pericardial effu-
sion, and cerebrovascular events.
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FOLLOW-UP EVALUATION
Following successful implantation, transthoracic echocardiography 
(TTE) was performed before discharge, either on the day of the inter-
vention or the day after, in order to document the correct position 
of the device. Contrast TOE was recommended after six months to 
assess closure and exclude thrombi on the device. After a diagnosis 
of relevant residual shunting, patients were generally scheduled for 
repeat percutaneous shunt closure which took place 1.4±1.4 months 
after the diagnosis of residual shunt by TOE. Only exceptionally, 
a second TOE one to six months later was recommended instead. 
Until the second intervention the patient was usually left on single 
antiplatelet therapy, or oral anticoagulation if indicated.

PERCUTANEOUS RESIDUAL SHUNT CLOSURE
The repeat procedure was performed under local anaesthesia and 
fluoroscopic guidance only. Following an oral dose of a cephalo-
sporin and a bolus of 5,000 U of heparin, a sheathless venous access 
via the right femoral vein was gained. The residual shunt hole was 
searched preferably in the left anterior oblique view showing the 
initial device in profile without overlap of the discs. Angiography 
of the right atrium or directly of the shunt was performed with the 
help of a 6 Fr multipurpose catheter in order to localise and further 
define the defect. If the residual PFO could not be crossed with 
the catheter, crossing with a regular 0.035” guidewire first and, if 
unsuccessful, a hydrophilic 0.035” guidewire was attempted. After 
successful placement of the guidewire in the left atrium, the dedi-
cated delivery sheath (maximum of 8 Fr, according to the occluder 
selected) was advanced over the guidewire into the left atrium. In 
case of a second double disc device, the left atrial disc was deployed 
and pulled back against the atrial septum and the first device under 
fluoroscopic guidance in a left anterior oblique projection. To 
deploy the right atrial disc, tension was maintained on the delivery 
cable while further withdrawing the delivery sheath. Depending on 
the size and the frequent tunnel configuration of the residual defect, 
the right device disc often did not resume its disc shape but rather it 
adopted a cucumber shape (Figure 1).

In selected cases with a residual tunnel shunt between the discs 
of the first device, an AMPLATZER™ Vascular Plug (Abbott 
Vascular) was deployed in the tunnel. For this, a diagnostic cath-
eter sufficed and passage into the left atrium was not required 
(Figure 2).

Right atrial contrast angiography through the delivery sheath or 
catheter was used for control of the correct position of the second 
device by delineating the atrial septum in a projection depicting 
the devices in profile, avoiding overlay of the two discs of each 
individual device. Finally, the catheter was removed and haemo-
stasis achieved by manual compression, typically performed by 
the patient. As after the first intervention, patients were released 
to full physical activity as early as a few hours after the proce-
dure. TTE was performed before discharge in order to document 
the correct and stable position of the devices. A second dose of 
a cephalosporin was given a few hours after the procedure and, 
in case of an overnight hospitalisation, a third one the following 
morning. Acetylsalicylic acid 100 mg/d for five to six months and 
clopidogrel 75 mg/d and endocarditis prophylaxis for one to three 
months were prescribed.

STATISTICAL ANALYSIS
The statistical analysis considered all patients scheduled for 
implantation of a second PFO occluder during the study period, 
including the patients in whom the defect could not be crossed. 
Continuous variables are expressed as mean±standard deviation, 
and were compared by a two-sided, unpaired t-test. Categorical 
variables are reported as counts and percentages, and were com-
pared using Fisher’s exact test. Binary logistic regression analysis 
was performed to identify independent predictors of the need for 
a second device. Estimates of the odds ratio (OR) and 95% confi-
dence intervals (CI) for each independent variable were obtained 
by proportional hazard regression analysis. Statistical significance 
was assumed with a p-value <0.05. All data were analysed with 
the use of SPSS software, Version 21 (IBM Corp., Armonk, NY, 
USA).

Figure 1. A patient with a relevant residual shunt after implantation of a 35 mm AMPLATZER PFO Occluder (APFO) diagnosed by TOE (A) 
requiring implantation of a second 25 mm APFO (left anterior oblique fluoroscopic projection, B). The upper arrow shows the left atrial disc, 
the lower arrow the female screw of the stretched right atrial disc of the second device having adopted a cucumber shape. LA: left atrium; RA: 
right atrium; TOE: transoesophageal echocardiography
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Results
INITIAL PROCEDURE
The indication for initial PFO closure in the 100 patients referred 
for residual shunt closure was ischaemic stroke in 54 patients, 
TIA in 31, peripheral embolism in four, diving accident in three, 
migraine in one, and other in seven (Table 1). Ten different devices 
were used for initial PFO closure (AMPLATZER PFO Occluder in 
54 patients, AMPLATZER Cribriform Occluder in 28, PFO-Star 
Occluder in seven [Cardia Inc., Eagan, MN, USA], Occlutech® 
Figulla® Occluder in four [Occlutech GmbH, Jena, Germany], 
Sideris Buttoned Occluder in two [Custom Medical Devices, 
Amarillo, TX, USA], as well as AMPLATZER™ ASD Occluder 
[Abbott Vascular], Premere Occluder [St. Jude Medical, St. Paul, 
MN, USA], Nit-Occlud® [B. Braun, Melsungen, Germany], Angel 
Wings™ Occluder [Microvena Corporation, White Bear Lake, 
MN, USA], and Coherex FlatStent® [Coherex Medical, Salt Lake 
City, UT, USA] in one patient each). The proportion of patients 
requiring transcatheter residual shunt closure was strongly depend-
ent on the type of device used during the first intervention, rang-
ing from 3.2% for the AMPLATZER PFO Occluder to 11.5% for 
the Cardia PFO-Star Occluder (Figure 3). Compared to the whole 
population (N=2,679), a significantly higher rate of ASA (58% 
versus 36%; p=0.024), a larger proportion of shunt grade 3 at 
baseline (97% versus 78%; p<0.001), and a larger size (≥30 mm) 
of the first implanted device (47% versus 13%; p<0.001) were 

Figure 2. Patient with residual shunt grade 2 treated by implantation of an AMPLATZER Vascular Plug 8 mm (*). A) & B) Relevant residual 
shunt documented by follow-up transoesophageal echocardiography (TOE) (A) and fluoroscopy (B)(arrows). C) & D) Successful closure 
confirmed immediately by fluoroscopy (D) and at six months by TOE (C; right atrium [RA] filled with agitated saline and contrast medium). 
LA: left atrium

AMPLATZER PFO Sideris Occlutech Figulla Angel Wings Cardia PFO-Star

3.2%

6.3%

8.0%

10.0%

11.5%

Figure 3. Rate of reintervention according to device type.

observed in the patients with relevant residual shunt. In addition, 
the use of a larger device size was found to be an independent 
predictor of the need for a second device (OR 4.1, 95% CI: 1.6-
10.0; p=0.002) (Table 2). Six patients (6%) experienced a recur-
rent cerebrovascular event before the second intervention (three 
ischaemic strokes and three TIAs). The earliest cerebrovascular 
event occurred six months and the latest more than seven years 
after the first procedure. Four patients had a 30 mm AMPLATZER 
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PFO Occluder, one patient a 35 mm AMPLATZER PFO Occluder, 
and one patient a 35 mm AMPLATZER Cribriform Occluder in 
place. Concerning residual shunt severity, four patients had shunt 
grade 3, and two shunt grade 2. When compared to recurrent cere-
bral events in patients without residual shunt, statistical analysis 
showed a trend towards significance in favour of the patients with-
out residual shunt (4% versus 6%; p=0.074). Accounting for the 
fact that the mean follow-up time was twice as long in the group 
without residual shunt (4.3 years versus 2.1 years), this repre-
sents an about three times higher annual rate for the patients with 
residual shunt. At the time of recurrence, none of the occluders 
showed thrombus at TOE and repeated standardised work-up did 
not detect alternative causes for the recurrent events. All patients 
with recurrent events had continuous antithrombotic therapy until 
residual shunt closure occurred (three patients had acetylsalicylic 
acid, one clopidogrel, one both, and one rivaroxaban).

TRANSCATHETER RESIDUAL SHUNT CLOSURE
The severity of residual shunt in the 100 patients referred for 
residual shunt closure is shown in Figure 4A. The second inter-
vention took place 14±13 months after initial percutaneous PFO 
closure. In 26 patients, the intervention was performed more than 
one year after the initial procedure. A shunt in between the discs of 
the first device was found in 74 patients and a shunt lateral from 
it (due to incomplete coverage of the PFO width) was observed in 
19 patients (Table 3). Follow-up TOE showed a hitherto missed 
additional ASD in an ASA as the cause of the residual shunt in one 
patient, and in two additional patients a multifenestrated (“Swiss 
cheese”) septum primum was diagnosed. Dislocation of the cranial 
part of the right-sided disc in the PFO tunnel was identified in two 
patients as the cause of residual shunt. Finally, two patients had 
a new iatrogenic ASD caused by erosion of the septum primum at 
the caudal rim of the disc26,27.

Table 1. Baseline characteristics of the 100 patients undergoing transcatheter residual shunt closure.

Age (years [±SD]) 52±14 Previous cerebrovascular events (n [%])

Gender, male (n [%]) 67 (67) More than 1 event 26 (26)

Weight (kg [±SD]) 79±15 Atrial septal anatomy (n [%])

Body mass index (kg/m2 [±SD]) 26±4 PFO only 42 (42)

Cardiovascular risks factors (n [%]) PFO and atrial septal aneurysm 58 (58)

Arterial hypertension 31 (31) Interatrial right to left shunt at baseline (n [%])

Diabetes mellitus 12 (12) Grade 1 1 (1)

Smoking history 34 (34) Grade 2 2 (2)

Hypercholesterolaemia 51 (51) Grade 3 97 (97)

Indications for PFO closure (n [%]) Devices used for initial PFO closure (n [%])

Transient ischaemic attack 31 (31) AMPLATZER PFO Occluder 54 (54)

Ischaemic stroke 54 (54) AMPLATZER Cribriform Occluder 28 (28)

Peripheral embolism 4 (4) PFO-Star Occluder 7 (7)

Diving accident 3 (3) Occlutech Figulla Occluder 4 (4)

Migraine 1 (1) Sideris Buttoned Occluder 2 (2)

Other 7 (7) Nit Occluder 1 (1)

AMPLATZER ASD Occluder 1 (1)

Angel Wings Occluder 1 (1)

Premere Occluder 1 (1)

Coherex FlatStent 1 (1)

ASD: atrial septal defect; n: number of patients; PFO: patent foramen ovale; SD: standard deviation

Table 2. Predictors of residual shunt.

No residual shunt Residual shunt p-value* Odds ratio
95% CI for odds ratio

p-value**
Lower Upper

Device size ≥30 mm 13% 47% <0.001 4.1 1.6 10 0.002

Atrial septal aneurysm 36% 58% 0.024 1.3 0.5 3.3 0.5

Shunt grade 3 at baseline 78% 97% <0.001 3.8 0.6 10.1 0.09

* p-value for prevalence. ** p-value for prediction using binomial logistic regression.
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Residual shunt closure failed in two patients due to inability 
to find (one patient) or cross (one patient) the defect. Among the 
remaining 98 patients, nine different devices were used for the sec-
ond intervention. An AMPLATZER PFO Occluder was success-
fully implanted in 74 patients (76%), an AMPLATZER Vascular 
Plug in 10 (10%), an AMPLATZER Cribriform Occluder in four 
(4%), an AMPLATZER ASD Occluder in three (3%), a Sideris 
Occluder in two (2%), a Cera™ Occluder in two (2%) (Lifetech 
Scientific [Shenzhen] Co., Ltd., Shenzhen, China), and a Figulla 
Occluder, a CardioSEAL® Occluder (NMT Medical, Boston, MA, 
USA), and a Hyperion™ Occluder (Comed B.V., Heerenveen, 
the Netherlands) in one patient (1%) each. Decision on device 
type (second occluder or AMPLATZER Vascular Plug) was made 
according to the fluoroscopic appearance of the defect. Mean 
intervention duration was 26±20 minutes and mean fluoroscopy 
time 9±10 minutes. The mean amount of contrast medium used 
was 84±60 ml. These values did not significantly differ from those 
recorded for the baseline interventions. There were no procedural 
or late complications.

ECHOCARDIOGRAPHIC OUTCOME
In the 98 patients with successful residual shunt closure, TOE was 
obtained in 88 patients (90%) after 7±5 months. Among them, com-
plete closure was achieved in 81%. Minimal residual shunt persisted 
in 12%, grade 2 in 6%, and grade 3 in 1% (Figure 4B). In eight 
patients (two patients with residual shunt grade 1 [patient wish], 
five with grade 2, and one with grade 3), corresponding to 0.3% 
of the whole cohort (N=2,679), a third procedure was performed 
achieving complete closure at follow-up TOE in all (Figure 5).

Discussion
Transcatheter closure of a residual shunt after percutaneous 
PFO closure is rarely performed and data to guide clinical deci-
sions are sparse18-23. However, an association between the pres-
ence of a residual shunt and the risk of recurrent events has 
been established. Moreover, a randomised trial investigating the 
long-term clinical outcomes with three different closure devices 
(AMPLATZER, CardioSEAL/STARFlex, and Helex® [W.L. 
Gore & Associates, Inc., Flagstaff, AZ, USA] occluders) found 
a significantly higher recurrence rate in the patients treated with 
CardioSEAL/STARFlex and Helex occluders, associated with an 
increased incidence of residual shunt25. As a consequence, moder-
ate to severe residual shunt should be considered a relevant clini-
cal issue requiring therapeutic attention.

In this study, patients with residual shunt showed a more than 
twofold increased annual risk of recurrent cerebrovascular events 
when compared to a similar cohort of 620 patients followed dur-
ing one year (2.9% versus 1.3%)28. In addition, there was a trend 
towards significance concerning the cerebral events rate favour-
ing the patients without residual shunt. This effect became more 
pronounced (almost threefold) when adjusting for the length of 
follow-up. However, it has to be mentioned that this may, at least 
partly, be explained by a selection bias resulting from the fact that 
patients with recurrent events in the presence of residual shunt 
were more likely to be referred for transcatheter residual shunt 
closure and to consent to a second intervention. The time delay 
of recurrent stroke (six months to seven years) observed in this 
cohort rather speaks against a cause related to device or procedure.

From a mechanistic point of view, there are three distinct mecha-
nisms potentially favouring the persistence of a residual shunt. First, 
larger devices will not hug the septum snugly and there might be 
a remaining tunnel between the device discs. This mechanism is 
supported by our data which identified the use of devices ≥30 mm 
as a strong predictor of the need for a second device (OR 4.1, 95% 
CI: 1.6-10.0; p=0.002). Second, the selected occluder may be too 
small, with a right disc part dislocating into the PFO channel or just 
not covering the entire width of the PFO slit with a residual shunt 
adjacent to the device. Third, an erosion of the septum primum at 
the device rim may exceptionally result in an iatrogenic atrial sep-
tal defect appearing as a residual shunt26,27. The risk for all of these 

Table 3. Classification of residual shunt according to aetiology.

Shunt through the PFO in between the discs (n [%]) 74 (74)

Shunt through the PFO but lateral from the disc* (n [%]) 19 (19)

Partial dislocation of the device (n [%]) 2 (2)

Shunt not related to the PFO** (n [%]) 3 (3)

Shunt in septum primum by erosion of the occluder disc 
rim (n [%]) 2 (2)

* Incomplete coverage of the initial hole. ** Additional atrial septal 
defect or multifenestrated septum. n: number of patients; PFO: patent 
foramen ovale

1%
6%12% 81%50%

13%
37%

Residual shunt severity before the second intervention Residual shunt severity after the second intervention

Grade 1

Grade 2

Grade 3

None

Grade 1

Grade 2

Grade 3

A B

Figure 4. Residual shunt severity. Before (A) and late after (B) transcatheter residual shunt closure.
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mechanisms of residual shunt may be aggravated by the presence of 
an ASA which has been repeatedly associated with the occurrence 
of a residual shunt in the literature28-31. In line with these findings, 
the majority of the patients requiring a second device had an ASA 
in our study (58%). In one study, large shunt size has been identified 
as an additional predictor of incomplete closure29.

From a technical point of view, important discrepancies between 
the performances of the different devices have been reported16,25 
and are confirmed by our study (Figure 3). Thus, appropriate 
device selection is crucial to minimise the risk of residual shunt.

Of note, in rare cases, residual shunting may be related not to 
the PFO itself but to a hitherto missed additional ASD, a multifen-
estrated septum, or a pulmonary arteriovenous malformation. In 
our 100 patients, only five were found to have additional defects, 
other than the PFO, causing a residual shunt. Pulmonary arterio-
venous malformations are typically associated with delayed right-
to-left shunt during TOE coming from the region of the pulmonary 
veins and not directly from the septum. Thus, particular atten-
tion should be paid to document the passage of the echocardio-
graphic contrast medium through the septum itself after a Valsalva 
manoeuvre in order to exclude this pathology. In our series, no 
patient was found to have pulmonary arteriovenous malformation.

Beyond the medical considerations, the psychological dimen-
sion also needs to be considered. Indeed, the patient assumes that, 
if the interatrial communication, probably causative of the initial 
event, persists, this represents a continuing menace. As shown in 
our series, complications of the second procedure are not to be 

expected and the chances of this being the last one required are 
excellent, considering that only 0.3% of the patients underwent 
a third procedure in our large cohort.

This consecutive series of patients with a second catheter-based 
PFO occlusion is the largest one reported so far. It documents 
the safety and high success rate of repeat PFO closure, particu-
larly when using AMPLATZER devices. The clinical outcome is 
rewarding but in the absence of a control group a clinical benefit 
of second closure cannot be derived.

Limitations
Several limitations need to be considered when interpreting the 
results of this study. First, the study population reflects a uniform 
technique, albeit with different devices, with fluoroscopic guidance 
only. It may not be easily comparable to other closure techniques. As 
some series have reported late spontaneous residual shunt closure, 
the incidence of residual shunt might have been slightly lower if the 
follow-up TOE had been scheduled later. The inter-device compari-
sons shown in Figure 3 need to be interpreted with caution since 
the different devices have been used with different frequencies and 
at different points in time of our learning curve (mainly explained 
by their chronological availability for commercial use). Finally, the 
increased incidence of recurrent cerebral events observed in this 
cohort may be at least partly related to selection bias, resulting from 
the fact that patients with recurrent events in the presence of resid-
ual shunt were more likely to be referred for transcatheter residual 
shunt closure and to consent to a second intervention.

Figure 5. Patient with three AMPLATZER PFO Occluder (APFO) devices implanted during three separate procedures. A) Residual shunt (*) 
late after initial implantation of a 30 mm APFO Cribriform. B) Relevant residual shunt (*) late after implantation of a second 25 mm APFO. 
C) Implantation of a third 25 mm APFO for closure of a remaining shunt in the direct inflow line of the inferior vena cava, resulting in 
complete closure at six months. LA: left atrium; RA: right atrium
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Management of residual shunt after PFO closure

Conclusions
Transcatheter residual shunt closure after initial percutaneous PFO 
closure can be safely performed under fluoroscopic guidance only. 
It achieves complete closure in most patients. A very small pro-
portion of patients requires a third intervention. The use of larger 
devices, typically prompted by intricate anatomy, represents a risk 
factor for shunt persistence and the need for reintervention.

Impact on daily practice
The management of residual shunt following percutaneous PFO 
closure has been poorly investigated so far. Transcatheter resid-
ual shunt closure after initial percutaneous PFO closure is safe 
and results in complete closure in most patients. Large devices 
should be used in complex anatomical situations only, as they 
are associated with an increased risk of residual shunt.

Conflict of interest statement
S. Windecker has received research grants to his institution 
(Bern University Hospital) and from Abbott, Biotronik, Boston 
Scientific, Edwards Lifesciences, Medtronic, and The Medicines 
Company. F. Nietlispach is a consultant and proctor for Abbott. 
B. Meier has received speaker and proctor honoraria from Abbott. 
The other authors have no conflicts of interest to declare.

References
 1. Lechat P, Mas JL, Lascault G, Loron P, Theard M, Klimczac M, 
Drobinski G, Thomas D, Grosgogeat Y. Prevalence of patent fora-
men ovale in patients with stroke. N Engl J Med. 1988;318: 
1148-52.
 2. Webster MW, Chancellor AM, Smith HJ, Swift DL, 
Sharpe DN, Bass NM, Glasgow GL. Patent foramen ovale in young 
stroke patients. Lancet. 1988;2:11-2.
 3. Overell JR, Bone I, Lees KR. Interatrial septal abnormalities 
and stroke: a meta-analysis of case-control studies. Neurology. 
2000;55:1172-9.
 4. Homma S, Sacco RL, Di Tullio MR, Sciacca RR, Mohr JP; 
PFO in Cryptogenic Stroke Study (PICSS) Investigators.  Effect of 
medical treatment in stroke patients with patent foramen ovale: pat-
ent foramen ovale in Cryptogenic Stroke Study. Circulation. 2002; 
105:2625-31.
 5. Handke M, Harloff A, Olschewski M, Hetzel A, Geibel A. 
Patent foramen ovale and cryptogenic stroke in older patients. N 
Engl J Med. 2007;357:2262-8.
 6. Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L, 
Derumeaux G, Coste J; Patent Foramen Ovale and Atrial Septal 
Aneurysm Study Group. Recurrent cerebrovascular events assoc-
iated with patent foramen ovale, atrial septal aneurysm, or both. 
N Engl J Med. 2001;345:1740-6.
 7. Khairy P, O’Donnell CP, Landzberg MJ. Transcatheter clo-
sure versus medical therapy of patent foramen ovale and presumed 
paradoxical thromboemboli: a systematic review. Ann Intern Med. 
2003;139:753-60.

 8. Mas JL, Zuber M. Recurrent cerebrovascular events in 
patients with patent foramen ovale, atrial septal aneurysm, or both 
and cryptogenic stroke or transient ischemic attack. French Study 
Group on Patent Foramen Ovale and Atrial Septal Aneurysm. Am 
Heart J. 1995;130:1083-8.
 9. Windecker S, Wahl A, Nedeltchev K, Arnold M, 
Schwerzmann M, Seiler C, Mattle HP, Meier B. Comparison of 
medical treatment with percutaneous closure of patent foramen 
ovale in patients with cryptogenic stroke. J Am Coll Cardiol. 
2004;44:750-8.
 10. Wohrle J. Closure of patent foramen ovale after cryptogenic 
stroke. Lancet. 2006;368:350-2.
 11. Wahl A, Jüni P, Mono ML, Kalesan B, Praz F, Geister L, 
Räber L, Nedeltchev K, Mattle HP, Windecker S, Meier B. Long-
term propensity score-matched comparison of percutaneous closure 
of patent foramen ovale with medical treatment after paradoxical 
embolism. Circulation. 2012;125:803-12.
 12. Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, 
Albers GW, Felberg R, Herrmann H, Kar S, Landzberg M, 
Raizner A, Wechsler L; CLOSURE I Investigators. Closure or med-
ical therapy for cryptogenic stroke with patent foramen ovale. 
N Engl J Med. 2012;366:991-9.
 13. Meier B, Kalesan B, Mattle HP, Khattab AA, Hildick-
Smith D, Dudek D, Andersen G, Ibrahim R, Schuler G, Walton AS, 
Wahl A, Windecker S, Jüni P; PC Trial Investigators. Percutaneous 
closure of patent foramen ovale in cryptogenic embolism. N Engl J 
Med. 2013;368:1083-91.
 14. Carroll JD, Saver JL, Thaler DE, Smalling RW, Berry S, 
MacDonald LA, Marks DS, Tirschwell DL; RESPECT Investiga-
tors. Closure of patent foramen ovale versus medical therapy after 
cryptogenic stroke. N Engl J Med. 2013;368:1092-100.
 15. Nietlispach F, Meier B. Percutaneous closure of patent fora-
men ovale: an underutilized prevention? Eur Heart J. 2016;37: 
2023-8.
 16. Thaman R, Faganello G, Gimeno JR, Szantho GV, Nelson M, 
Curtis S, Martin RP, Turner MS. Efficacy of percutaneous closure 
of patent foramen ovale: comparison among three commonly used 
occluders. Heart. 2011;97:394-9.
 17. Windecker S, Wahl A, Chatterjee T, Garachemani A, 
Eberli FR, Seiler C, Meier B. Percutaneous closure of patent fora-
men ovale in patients with paradoxical embolism: long-term risk 
of recurrent thromboembolic events. Circulation. 2000;101: 
893-8.
 18. Schwerzmann M, Windecker S, Wahl A, Nedeltchev K, 
Mattle HP, Seiler C, Meier B. Implantation of a second closure 
device in patients with residual shunt after percutaneous closure of 
patent foramen ovale. Catheter Cardiovasc Interv. 2004;63:490-5.
 19. Rajani R, Lee L, Sohal M, Khawaja MZ, Hildick-Smith D. 
Redo patent foramen ovale closure for persistent residual right-to-
left shunting. EuroIntervention. 2011;6:735-9.
 20. Majunke N, Wallenborn J, Baranowski A, Wunderlich N, 
Sievert H. Device closure of residual shunt after percutaneous clo-
sure of patent foramen ovale. EuroIntervention. 2010;5:833-7.



866

EuroIntervention 2
0
17;1

3
:8

5
8

-8
6

6

 21. Diaz T, Cubeddu RJ, Rengifo-Moreno PA, Cruz-Gonzalez I, 
Solis-Martin J, Buonanno FS, Inglessis I, Palacios IF. Management 
of residual shunts after initial percutaneous patent foramen ovale 
closure: a single center experience with immediate and long-term 
follow-up. Catheter Cardiovasc Interv. 2010;76:145-50.
 22. Butera G, Sarabia JF, Saracino A, Chessa M, Piazza L, 
Carminati M. Residual shunting after percutaneous PFO closure: 
how to manage and how to close. Catheter Cardiovasc Interv. 
2013;82:950-8.
 23. Rovera C, Biasco L, Orzan F, Belli R, Omedè P, Gaita F. 
Percutaneous implantation of a second device in patients with 
residual right-to-left shunt after patent foramen ovale closure. 
J Interv Cardiol. 2014;27:548-54.
 24. Pearson AC, Labovitz AJ, Tatineni S, Gomez CR. Superiority 
of transesophageal echocardiography in detecting cardiac source of 
embolism in patients with cerebral ischemia of uncertain etiology. 
J Am Coll Cardiol. 1991;17:66-72.
 25. Hornung M, Bertog SC, Franke J, Id D, Taaffe M, Wunderlich N, 
Vaskelyte L, Hofmann I, Sievert H. Long-term results of a ran-
domized trial comparing three different devices for percutaneous clo-
sure of a patent foramen ovale. Eur Heart J. 2013;34:3362-9.
 26. Meier B. Iatrogenic atrial septal defect, erosion of the septum 
primum after device closure of a patent foramen ovale as a new 
medical entity. Catheter Cardiovasc Interv. 2006;68:165-8.

 27. Scacciatella P, Biava LM, Marra S. Iatrogenic erosion of the 
septum primum resulting in an atrial septal defect with left-to-right 
shunt: a rare pitfall of patent foramen ovale percutaneous closure. 
Catheter Cardiovasc Interv. 2014;84:494-6.
 28. Wahl A, Tai T, Praz F, Schwerzmann M, Seiler C, 
Nedeltchev K, Windecker S, Mattle HP, Meier B. Late results 
after percutaneous closure of patent foramen ovale for secondary 
prevention of paradoxical embolism using the amplatzer PFO 
occluder without intraprocedural echocardiography: effect of 
device size. JACC Cardiovasc Interv. 2009;2:116-23.
 29. Marchese N, Pacilli MA, Inchingolo V, Fanelli R, Loperfido F, 
Vigna C. Residual shunt after percutaneous closure of patent fora-
men ovale with AMPLATZER occluder devices - influence of ana-
tomic features: a transcranial Doppler and intracardiac 
echocardiography study. EuroIntervention. 2013;9:382-8.
 30. Greutmann M, Greutmann-Yantiri M, Kretschmar O, 
Senn O, Roffi M, Jenni R, Luescher TF, Eberli FR. Percutaneous 
PFO closure with Amplatzer PFO occluder: predictors of residual 
shunts at 6 months follow-up. Congenit Heart Dis. 2009;4: 
252-7.
 31. Zajarias A, Thanigaraj S, Lasala J, Perez J. Predictors and 
clinical outcomes of residual shunt in patients undergoing percuta-
neous transcatheter closure of patent foramen ovale. J Invasive 
Cardiol. 2006;18:533-7.


