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Clinical neurological evaluation. Brain MRI with
neuroradiological evaluation with particular attention
to thromboembolic pathogenesis of brain lesions.

Step 1: Neurological evaluation
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The trial was conducted at 32 sites in France and at 2 sites in
Germany from December 2007 through December 2016.

476 pts
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Clinical neurological evaluation. Brain MRI with
neuroradiological evaluation with particular attention
to thromboembolic pathogenesis of brain lesions.

Step 1: Neurological evaluation





Valutazione neuroradiologica

1. Emicrania (lesioni iuxtacorticali)
2. Ipertensione (lesioni profonde)
3. Sclerosi Multipla (corpo calloso e verticali)
4. Vasculite (∆∆ captazione del mdc) 



FLAIR ASSIALE FLAIR ASSIALE DWI sb 1000

Emicrania & Ictus



Step 2: Rule out alternative embolic sources

Atrial Fibrillation

Neck vessels

LAA

Ascending Aorta



Step 3: TTE RL shunt grading
Grade 0 Grade 1

Grade 2 Grade 3 
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Transesophageal PFO Evaluation

1. Basal RL & LR shunt (color)
2. RL shunt grading with Valsalva
3. SS & SP lenght2

4. SS/SP min & max ovelapping
5. PFO max width1

6. Aneurysm (max excursion)3

7. Eustachian Valve
8. Chiari net
9. Fenestrations
10.Interatrial septum lenght

N.B. All measurements in short-axis and long-axis views



Anatomical Risk Features



Management after Diagnosis of PFO

First event or Incidental
detection of PFO/Possible
Brain MRI lesions
without anatomical/clinical
risk factors*

First Event or Incidental
detection of PFO/Probable
Brain MRI lesions
with ≥ 1 anatomical/clinical
risk factors*

Anatomical risk factors***
Atrial septal aneurysm >10 mm

Large PFO (>4 mm)
Basal R-L shunt and/or ≥ grade 2

Eustachian valve >10 mm
Chiari network

L-R basal shunt
Multiple ischemic lesions at MR

Clinical risk factors*
Young age < 60 yrs

RoPE Score ≥ 7 (62% PFO-attributable fraction)
History of DVT/PE and/or Thrombophilia

Valsalva-associated (diving) embolic event
Ischemic event on arousal (OSAS)/migraine
Long travel/immobilization associated event

Stroke/TIA & simultaneous sistemic/pulmorany embolism

mod. from Catheter Cardiovasc Interv. 2012 Aug 31. doi:10.1002/ccd.24637. 

**PASCAL: PFO-associated Stroke Causal Likehood Classification System 

Medical therapy & FU
(Cerebral MRI) PFO closure



Suture

Umbrella device

Suture vs Device PFO closure

Left atrial side view
17074 Heartstitch Newhope St, Fountain Valley, CA 92708, USA
FIM 2008; CE Mark 2012; Commercial release Nov 2015; Italy use May 2016



406 patients with 6 months follow upTrabattoni D & Gaspardone A



Patent foramen ovale occluders
safety in Clinical Trials and Real-World

Merkler AE et al. Stroke 2017;48:3073–3077



Guedeney P et al, JACC Intv 2022

<55 yrs (4 weeks)

≥55 yrs

(225 pts)



Suture: Advantages Over Occluder Devices

*17074 Heartstitch Newhope St, Fountain Valley, CA 92708, USA
FIM 2008; CE Mark 2012; Commercial release Nov 2015; Italy use May 2016



Porcine exp model (7/2019). 31 days explant suture endothelization. Right atrial view
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TEE short axis view

1. Tunnel Width (maxTW)
2. Septa Overlap (minSO)

Calculations** (in mm)

A. maxTW/minSO

Predictors of Residual Right-to-Left Shunt 
after suturing*

* Using one stitch only; ** All measures in short and bicaval TEE views Gaspardone et al CCI 2023



Predictors of Residual Right-to-Left Shunt*

* Using one stitch only. Cath Cardiovasc Int (in press) 

302 patients
Jun 2017-Jun 2021

FU 8±5 months

Probabilità che un 
paziente con PFO width / 

length ≤ 0.60 non avrà 
shunt residuo è 94% 

(valore predittivo 
negativo)





Traditional “amplatziform” devices currently guarantee
the best efficacy in terms of abolition of the shunt, but
they are not free from complications (even serious)
and drawbacks. In favorable anatomies, direct suture
offers objective advantages and can be the first
choice closure technique.

Suture vs Device PFO Closure





Mechanisms of late suture failure and residual shunt

Detachment 
of the 
septum 
primum 
suture

Detachment 
of the septum 
secundum 
suture

Detachment 
of the 
septum 
primum and 
secundum 
sutures and 
kwiknot
embolization

Creation of 
an pre-
procedural 
undetected 
fenestration 
by stretching 
the septum 
primum
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Loosening of a suture



Step 3: TEE evaluation






