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LA FERMETURE PERCUTANEE DE COMMUNICATION INTERVENTRICULAIRE POST-INFARCTUS : UNE
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A mes cointernes de la réanimation médicale : Eléonore qui a toujours le sourire et un mot gentil, Marie ma collègue interniste-kosovar-gitane assise par terre en staff, Laura sympathique urgentiste avec qui j'ai partagé cette première semaine de réanimation à l'office C tellement hors du temps, Hugo, toujours détendu et prêt à boire des ptits coups, Nolwenn avec qui on chantait en dictant les courriers, Mathilde la référente infectio-cardiologue, Seb notre Calimero qui va bien « comme un chien écrasé », Lucie qui a perdu une main en fin de stage . Sans oublier les confrères savoyards François dit Francis et Cécile ! A mes cointernes actuels de Chambéry city : Marie qui a habilement copié la plaie du menton suturée par JJ, Tiphaine, la reine de tous les potins, Alix, notre maman sportive qui porte en elle un futur cardiologue (obligé !), Gwendal le faux calme au régime so healthy et Thomas qui manie les palettes comme personne ! Quelle fine équipe .

A ma famille :

A mon papa, merci pour ton soutien inconditionnel dans tous les domaines. Les discussions médicales autour de la table ne sont pas prêtes de s'arrêter maintenant qu'il y a un Docteur Usseglio de plus.

A Florent, mon petit frère ; il est bien loin le temps où tu me collais en permanence ! Les années ont passé, avec leur lot de mauvais moments mais l'avenir nous réserve de belles choses je l'espère ! Tu suis ta propre voie et je te souhaite beaucoup de bonheur.

A Gaspard, le grand basketteur, à qui je souhaite toute la réussite qu'il mérite.

A Catherine, pour ta présence et tes conseils au fil des années et des coups durs. J'espère que les prochaines seront pleines de bons souvenirs. A Quentin, pour qui les mots me manquent quand il s'agit de les retranscrire pour des remerciements. Merci pour ton soutien indéfectible, ton habileté naturelle à me faire rire pour tout et pour rien, ta capacité à me pousser en dehors de ma zone de confort. J'ai bien conscience que si j'en suis arrivée là aujourd'hui c'est en grande partie grâce à toi. Je ne te remercierai jamais assez. J'espère que notre complicité ne s'éteindra jamais.

Je t'aime,

A ma maman, qui n'est malheureusement plus là aujourd'hui pour voir l'aboutissement de ces longues années à bachoter. Merci de m'avoir soutenue, notamment dans les coups durs de mes débuts à la fac. Tu savais mon projet de devenir cardiologue et aujourd'hui celui-ci devient réalité. An interventional technique, indeed, offers a less invasive procedure, providing in some cases an immediate and lasting VSD closure, or otherwise, securing hemodynamic stability as a bridge to surgery (7). Such procedures were first performed and described in 1988 by Lock et al. [START_REF] Lock | Transcatheter closure of ventricular septal defects[END_REF] on six patients who weren't candidates for operative management, three of them having a PMI-VSD. Since then, several hundred PTC of PMI-VSD have been reported with high technical success (80-90%), but mainly from small case series with limited cohorts [START_REF] Omar | Management of post-myocardial infarction ventricular septal defects: A critical assessment[END_REF][START_REF] Wilson | Management of post-myocardial infarction ventricular septal rupture[END_REF].

Therefore, evidence based data concerning PTC of PMI-VSD is lacking.

In France, this technique has been developed in a heterogeneous way. The aim of our study was to evaluate the results of a multicentre French experience with this approach over the past decade.

Methods

Study design

We conducted an observational retrospective multicentre study, in 14 French university hospitals and 2 non-university hospitals -all equipped with cardiac surgery units-who accepted to participate. Most of cases were extracted thanks to PMSI (Programme de Médicalisation des Systèmes d'Information), the French national database collecting data from healthcare centres. An electronic case report form was circulated to all centres (Annexe 2), and data were acquired from medical and electronic records. We included non-consecutive adult patients who underwent PTC of PMI-VSD between July 1 st 2010 and July 1 st 2020.

Non-inclusion criterion was patient objection to personal data collection (letter of noobjection). The analysis was limited to a ten-year period to reduce potential bias related to the evolution and changes in catheterization laboratory skills and cardiologic intensive care.

We retrospectively reviewed the medical records, imaging records, and operative reports.

Demographic and clinical data were collected including cardiovascular risk factors, usual treatments, echocardiographic findings, pre-procedural clinical and biological condition, invasive laboratory findings, per and post-procedural complications, vital status at 30 days and follow-up. Date of acute MI in this setting is sometimes difficult to define and we therefore considered infarction date as the date of the qualifying electrocardiogram (ECG).

All diagnoses of PMI-VSD were made through a transthoracic echocardiography (TTE)

(Figure 1). For one patient, VSD appeared after an alcohol septal ablation. Cardiogenic shock was defined as a systolic blood pressure < 90 mmHg for 30 minutes before inotropes or assistance, and evidence of decreased organ perfusion [START_REF] Hochman | SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK: an international randomized trial of emergency PTCA/CABG-trial design. The SHOCK Trial Study Group[END_REF]. Coronary artery disease (CAD) was defined as > 70% stenosis in one of the three major epicardial coronary arteries.

Procedural success was defined as complete or partial shunt reduction by echocardiographic or angiographic assessment, with a fitted prosthesis.

Procedure

Patients were referred for PTC by local decision. Implementation of pre-procedure optimization, appropriate selection and timing of the procedure were local measures. Medical therapy (vasopressor agents, diuretics etc.) as well as the use of percutaneous ventricular assist devices (pVAD) such as intra-aortic balloon pump (IABP), microaxial flow pump (MAFP), or extracorporeal life support (ECLS), were also based on local preferences.

Procedures were executed by some interventional cardiologists of each team. Catheterization and VSD closure were performed under fluoroscopic guidance. In many cases, transoesophageal echocardiography (TEE) was used for monitoring (Figure 2) and the procedure was executed under general anaesthesia. Device diameter was selected based on VSD echocardiographic measurements and/or on ventriculography. Univariate data analysis for 30-day-mortality and procedural success was performed using a student t-test for normally distributed random variables, or a Mann-Whitney test for nonnormally distributed variables. A Fisher's exact test was applied for categorical variables. The Kaplan-Meier method was used for survival analysis and differences between subgroups of patients were assessed by the log-rank test.

A cox proportional-hazards regression was performed to assess multivariate predictors of 30day-survival. We conducted a first cox model including all factors with p < 0.10 in univariate analysis (Model A). A second cox model was performed including the EUROSCORE II -used as a composite score of patient severity-, (Annexe 1)(13) in the 44 patients in whom all data for calculation of the EUROSCORE II were available (Model B).

All tests were two-sided and significance in all statistical tests was p < 0.05.

Results

Study population

Sixty eight patients were identified from PMSI. Among them, six were excluded because of a PTC performed > 90 days after the index MI. Our study population therefore consisted in 62 patients who underwent PTC of PMI-VSD within 90 days after MI (Figure 3).

PMI-VSD indicates Post Myocardial Infarction Ventricular Septal Defect / MI=Myocardial Infarction / Min. =Minimal / Max. =Maximal

Figure 3: Flow Chart

The major centre included 19 patients, the second 8 patients and the third 6 patients, representing more than half of the study population (Figure 4).

Mean age was 74 years-old, with a slight female predominance (53%). Main cardiovascular risk factors were hypertension (50%), active or recently stopped smoking (26%), VSD site was essentially apical (53%) and postero-inferior (39%). Mean VSD diameter by ultrasound was 16 mm, and 14 defects (27%) were considered to be complex. Left ventricular ejection fraction (LVEF) estimated by TTE was preserved for 23 patients (40%), mid-range for 19 (33%), and reduced for 16 (28%). Four patients had undergone previous surgical closure at acute phase.

Inclusion
Hemodynamic status reflected illness severity as two thirds of procedures (70%) were performed on patients in cardiogenic shock. Biological parameters showed frequent organ failures with mean blood levels for creatinine, total bilirubin, and ASAT level of 153 µmol/L, In univariate analysis, no variable was significantly associated with procedural success. 

21

In-hospital mortality

Overall in-hospital mortality was 66%.

30-day-survival

Thirty-day-survival was 30.6% (Figure 5), without any difference according to the year PTC was performed (Figure 6). All patients who underwent PTC within 6 days after MI were dead at 30 days. By survival curves analysis, an intervention delay between MI and PTC ≤ 14 days, the need for inotropic support and for IABP were significantly associated with 30-day-mortality (p < 0.0001, p = 0.011, and p=0.0428 respectively) (Figure 7 and8). 

Multivariate analysis for 30-day-mortality

Using Model A Cox-regression analysis, no factor was independently associated with 30-daymortality, due to the relatively small sample of the population and multiple interferences between variables, mainly those reflecting impaired hemodynamic status.

Using Model B Cox-regression analysis, leukocytes blood count as a surrogate of inflammation, the EUROSCORE II, and mainly an intervention delay between MI and PTC ≤ 14 days were independent predictors of 30-day mortality (Figure 9). 

One-year-survival

Overall 1-year survival rate was 21%. Among the 19 living patients at 30 days, 2 died within 2 months after PTC (day 33 and day 45), 2 died between 2 and 3 months (day 61 and day 65) and one additional patient died before the end of the 6 th month (day 98). One-year-survival among these patients was 63% [95% confidence interval 51-75].

Discussion

The main results of our study are that PMI-VSD closure by PTC technique has a reasonably high device delivery success rate (86%), with however significant residual shunt in 90% of cases, and a high 30-day-mortality of 69.4%, the delay between index MI and PTC being the most powerful predictor of survival.

procedural deaths out of 42 patients (7.1%) [START_REF] Xu | Percutaneous closure of postinfarct muscular ventricular septal defects: a multicenter study in China[END_REF]. Regarding other complications (atrioventricular block, bleeding, arrhythmia…), they were quite easily managed and don't represent a barrier to percutaneous procedures.

Learning curve may have an influence on outcomes since rarity of events. We couldn't analyse any possible effect of learning curve in our study in view of the small number of records for most centres (Figure 4). It could be interesting to gather the patients concerned in very few leading centres experienced with the technique, but the frequent hemodynamic instability makes them non-transportable.

Survival and timeframe: comparison to existing literature

In our series, 30-day-mortality was 69.4%, which is similar to the one of Thiele et al.

concerning 29 patients including 55% with cardiogenic shock, who underwent primary percutaneous closure of PMI-VSD [START_REF] Thiele | Immediate primary transcatheter closure of postinfarction ventricular septal defects[END_REF]. This study gets close to ours as we only have four patients who underwent previous surgery. They also describe a high procedural success (86%), showing that majority didn't die from percutaneous intervention but from infarction process and resulting multi-organ failure. It may explain why in our cohort, markers of hemodynamic instability and inflammation were significantly related to mortality.

Calvert et al. shared UK experience with 53 patients and a median intervention time of 13 days, near to us [START_REF] Calvert | Percutaneous closure of postinfarction ventricular septal defect: in-hospital outcomes and long-term follow-up of UK experience[END_REF]. Mortality was lower, with in-hospital mortality of 42%. A potential reason could be the fact that majority of PTC were performed by only two operators on a visiting basis, allowing a greater practice of these types of interventions. This is a further argument for the idea of a medical proctoring for PTC of PMI-VSD instead of letting each local interventional team handle the situation.

On the contrary, some publications reported a lower short-term mortality but they included more post-surgical closures. For instance, Assenza et al. found a 30-day-mortality of 23% but 60% of patients had had primary surgery and median intervention delay for PTC from MI was 27 days (compared to 11 days in our cohort) [START_REF] Assenza | Transcatheter Closure of Post-myocardial Infarction Ventricular Septal Rupture[END_REF].

Timing is a determining factor as early intervention is associated with higher 30-day-mortality [START_REF] Shafiei | Optimal Time Repair of Ventricular Septal Rupture Post Myocardial Infarction[END_REF]. In our series, all patients who underwent closure within six days after MI were dead at 30 days, which questions the relevance of a very early intervention. It certainly leads to inherent bias: delaying intervention selects the fittest patients. Deaths in early PTC seem to be related to severe cardiogenic shocks in patients who were not able to wait. This had already been observed in surgical series [START_REF] Arnaoutakis | Surgical repair of ventricular septal defect after myocardial infarction: outcomes from the Society of Thoracic Surgeons National Database[END_REF] because there is a trend for surgeons to wait several weeks to enable scar tissue healing, particularly at the margins of the defect. At acute phase, tissues are very fragile and don't offer solid support for patches and sutures. This strategy doesn't solve the issue of the majority of all-comers who do not survive long enough on medical therapy. All the same, it appears herein that percutaneous closure has better outcomes than medical care alone.

We present a brief comparative table to existing series in Table 4. An important aspect to consider is PMI-VSD morphology. Irregular geometry is common: an autopsy series identified 28 simple VSD (with a through and through communication) out of 53, while the 25 others were complex and serpiginous (such that the two openings are distant from each other) [START_REF] Edwards | Ventricular septal rupture complicating acute myocardial infarction: identification of simple and complex types in 53 autopsied hearts[END_REF]. This issue complicates the repair and yet VSD shapes (slot, star…)

have been poorly studied in the literature. It is also known that a very apical or on the contrary, an extreme basal location near mitral and aortic valves, with little margins to apply devices in both cases, are not favourable. Herein, VSD location wasn't associated with higher 30-day-mortality unlike some series which suggests that postero-inferior location as a result of inferior wall MI had an impact on survival [START_REF] Crenshaw Brian | Risk Factors, Angiographic Patterns, and Outcomes in Patients With Ventricular Septal Defect Complicating Acute Myocardial Infarction[END_REF][START_REF] Premchand | Percutaneous closure of postmyocardial infarction ventricular septal rupture -A single centre experience[END_REF].

We noticed a very high prevalence of residual shunts (n=53, 90%). Among them, 21 (36%)

were considered as severe ones despite frequent prosthesis oversizing compared to TTE measurements. A neat echographic evaluation is required but even with several incidences, it remains complex for cardiologists. Cardiac magnetic resonance imaging (MRI) and computed tomography (CT) has already been used to describe in-vivo morphology of PMI-VSD [START_REF] Hamilton | The In Vivo Morphology of Post-Infarct Ventricular Septal Defect and the Implications for Closure[END_REF][START_REF] Iyer | A heart team and multi-modality imaging approach to percutaneous closure of a post-myocardial infarction ventricular septal defect[END_REF][START_REF] Glovaci | Utility of cardiac MRI in determining percutaneous versus surgical post-infarction ventricular septal defect repair[END_REF]. CT seems to provide the highest resolution imaging and best spatial resolution to accurately size the defect and evaluate for assessment of the surrounding anchoring tissue. In this way, systematic multimodal and 3D imaging could be of great interest with a CT view guidance or fusion with echographic views for appropriate characterization. In one case report, cross sectional imaging allowed to choose between surgical and percutaneous treatment [START_REF] Glovaci | Utility of cardiac MRI in determining percutaneous versus surgical post-infarction ventricular septal defect repair[END_REF]. Some authors also emphasize the large dimensions of VSD, which is the case in our study with a mean diameter by ultrasound of 16 mm. The fact is, considering the maximum left-sided dimension alone, the existing dedicated maximum Amplatzer device waist diameter (24 mm) theoretically occluded the left side of defects in only 50% of patients [START_REF] Hamilton | The In Vivo Morphology of Post-Infarct Ventricular Septal Defect and the Implications for Closure[END_REF]. It appears that prosthesis design must be improved to curtail residual shunts too, and 3D

printing could help in the future.

Limitations

This series becomes one of the largest reported on the topic so far, and however, the absolute number of patients enrolled remains small, primarily due to the rarity of the condition. In addition, the retrospective nature of this study prevents us from drawing robust conclusions.

A few medical reports were incomplete and the emergency initial context with hemodynamic severity doesn't help. Cases weren't submitted on a compulsory basis; some of them may not have been found. Missing data limited our analysis; we sought to explore more procedural parameters (Qp/Qs, vascular access, fluoroscopy time, procedure duration …) as seen in the literature [START_REF] Calvert | Percutaneous closure of postinfarction ventricular septal defect: in-hospital outcomes and long-term follow-up of UK experience[END_REF][START_REF] Assenza | Transcatheter Closure of Post-myocardial Infarction Ventricular Septal Rupture[END_REF][START_REF] Thiele | Immediate primary transcatheter closure of postinfarction ventricular septal defects[END_REF][START_REF] Heckle | Outcomes of Early Versus Delayed Transcatheter Closure of Post-Myocardial Infarction Ventricular Septal Defect[END_REF]. Moreover, PMI-VSD closures were led by interventional cardiologists according to the local standard of care, without common process. Each centre chose device number or type and was able to use 'off-label' prosthesis. The result of this study, therefore, may not be generalized easily.

Conclusion

This series describes the population who underwent PTC of PMI-VSD in 16 cardiac surgical French centres, in the past decade. This percutaneous approach might offer an alternative or an adjunctive option to surgery in selected cases. Despite a reasonable procedural success, short-term mortality remains high due to underlying condition. Early intervention delay and several parameters of hemodynamic instability or inflammation were significantly associated with 30-day-mortality. A major issue is persistent residual shunts and a better anatomical evaluation with multimodal and 3D imaging could be our next challenge to improve these outcomes.

We focus herein on PTC results only. It would be interesting to make a comparison between a surgical cohort and a PTC cohort as a bridge to -if necessary-surgery.
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 4 ABBREVIATIONS

Figure 1 :

 1 Figure 1: Echocardiographic views of a 15 mm post infarction ventricular septal defect (White arrow represents the 15 mm PMI-VSD) A) Transthoracic echocardiography: parasternal short axis view B) Transthoracic echocardiography: parasternal short axis view with colour flow Doppler C) Transoesophageal echocardiography: 122° view D) Transoesophageal echocardiography: 122° view with colour flow Doppler

Figure 2 :

 2 Figure 2: Fluoroscopic images of percutaneous closure of PMI-VSD under transoesophageal guidance A) Ventriculography view B) Arteriovenous loop: the PMI-VSD has been crossed with a wire from the LV to the RV (from arterial access; white arrow). This has been captured in the pulmonary artery by a snare pass from the right jugular vein (black arrow).

  ) and diabetes (16%). Only 3 patients (5%) had severe chronic renal failure prior to MI. The index acute MI was the first coronary event for almost all subjects (95%). Single, two and three-vessel CAD was observed in 46.5, 33, and 19% of patients respectively. Left anterior descending artery (LAD) was the culprit artery in 38 cases (63%), right coronary artery (RCA) in 19 (32%), and left circumflex artery (LCX) in 2 (3%). A bypass graft was involved in one patient and one patient had no coronary lesion at initial coronary angiography. No reperfusion therapy of index MI was performed in 56% of cases, a percutaneous coronary intervention (PCI) in 44 %, and a thrombolysis alone in 3%. Only one patient underwent coronary artery bypass graft (CABG) as initial treatment.

Figure 4 :

 4 Figure 4: Distribution of patients by centre

Figure 5 :Figure 6 :

 56 Figure 5: 30-day-survival curve 7-day-mortality: 40.3% (n=25) / 14-day-mortality: 59.7% (n=37) /30-day-mortality: 69.4% (n=43)

Figure 7 :Figure 8 :

 78 Figure 7: 30-day-survival depending on intervention delay

Figure 9 :

 9 Figure 9: Multivariate analysis for 30-day-mortality including the EUROSCORE II
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Table 1 : Baseline data (n=62 patients)
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	µmol/L, and 155 UI/L respectively, witnessing low cardiac output. Patients also had signs
	of biological inflammatory syndrome with a mean C-reactive protein (CRP) of 110 mg/L and
	a mean leukocytes count of 14.1 G/L.
	Demographic and clinical findings are summarised in Table 1.

Table 2 .

 2 Overall, 64 procedures were performed in 62 patients (3 patients had 2 procedures). Mean

	delay between MI and percutaneous closure was 16 days and 50% of patients were treated
	within 11 days. Procedure was performed ≤ 14 days after MI in 39 patients (63%). At time of
	PTC procedure, 43 patients (72%) were on inotropic support and 66% of patients had at least
	one pVAD (IABP 40%, MAFP 6.5%, and ECLS 29%). For 4 patients, a pVAD was
	implemented during the procedure.
	We accounted for 9 implantation failures (including two prosthesis embolizations and one
	prosthesis dislocation), accounting for a procedure success rate of 86% and a per-patient
	success rate of 87% (1 patient had 2 failed procedures). No or trivial residual shunt was
	observed in only 6 patients (10%). A mild to moderate residual shunt was observed in 32
	patients (54%) and a severe one in 21 (36%).
	Fourteen patients (24%) experienced major peri-procedural bleedings, 1 had transient
	atrioventricular block needing temporary pacing, and 4 patients (6.5%) died during the
	procedure. No stroke or major vascular injuries was reported. The two major post-procedural
	complications observed were acute renal failure (ARF) in 17 patient (29%) and multi-organ
	failure (MOF) in 45 (73%). A surgical PMI-VSD closure was performed in 6 patients (10%)
	after PTC.

Table 2 : Procedural parameters (n=62 patients)

 2 

  Univariate predictors of 30-day-mortality were: single-vessel CAD, LAD as culprit artery, LVEF < 40%, delay between MI and PTC, inotropes support at time of PTC, IABP at time of PTC, the EUROSCORE II, leukocytes count, creatinine, lactates, ASAT and MOF after procedure. Analysis is shown in Table3.

	3.3.3. Univariate analysis for 30-day-survival

Table 3 : Univariate analysis for 30-day-mortality Criteria Dead at 30 days Alive at 30 days Available

 3 

	Significance

Table 4 : Comparative table of existing series 4

 4 .4. PMI-VSD morphology and multimodal imaging analysis

ABSTRACT

Background: post-myocardial infarction ventricular septal defect (PMI-VSD) has become a rare mechanical complication since generalization of percutaneous coronary revascularization.

Its prognosis however remains dismal, and its optimal treatment modality and timeframe are still debated considering operative risk at acute phase.

Aims: to describe baseline data, to assess immediate procedural results and 30-day-mortality, to identify prognostic factors in patients who underwent percutaneous transcatheter closure (PTC) of PMI-VSD within 90 days after acute MI.

Methods: we conducted an observational, multicentre, retrospective study in patients treated in 16 French hospitals between July 1 st 2010 and July 1 st 2020.

Results: we identified 62 patients (mean age 74 ± 10 years, 53% female) who underwent 64 PTC procedures on average 16 ± 18 days after acute MI. Device deployment was successful in 53 patients without severe residual shunt in 38 patients (65%). Four patients (6.5%) died during procedure, and 30-day-survival was 31%. In univariate analysis, delay between MI and PTC (p < 0.001), EUROSCORE II (p = 0.001), and the use of inotropes at time of procedure (p < 0.01) were associated with 30-day-mortality. In multivariate analysis, a delay ≤ 14 days between MI and PTC was the most powerful predictor of 30-day-mortality (HR 2.69 [1.02 -

7.08]).

Conclusion: PTC of PMI-VSD appears a feasible therapeutic option with a reasonable procedural success rate. A significant issue is persistent residual shunts. Short-term mortality however remains high due to hemodynamic instability and multi-organ failure. problematical and considering the grim prognosis of this condition, every patient should be sent to a referral centre, with a Heart Team and a technical platform having all potential options including intensive care facilities, structural interventional cardiology skills, and cardiac surgery. The majority of patients (70%) was in cardiogenic shock, and treatments indications were mainly haemodynamic stabilization to restore systemic perfusion and afterload reduction [START_REF] Mebazaa | Management of cardiogenic shock complicating myocardial infarction[END_REF]. Percutaneous ventricular assist devices have been regularly reviewed in the literature in cardiogenic shock [START_REF] Mebazaa | Management of cardiogenic shock complicating myocardial infarction[END_REF][START_REF] Chieffo | Joint EAPCI/ACVC expert consensus document on percutaneous ventricular assist devices[END_REF], including in the setting of PMI-VSD [START_REF] Ibebuogu | Impella-assisted transcatheter closure of an acute postinfarction ventricular septal defect[END_REF][START_REF] Testuz | Left-to-right shunt reduction with intra-aortic balloon pump in postmyocardial infarction ventricular septal defect[END_REF][START_REF] Mclaughlin | Veno-Arterial ECMO in the Setting of Post-Infarct Ventricular Septal Defect: A Bridge to Surgical Repair[END_REF].

Concerning PTC indications for these high-risk patients, attitudes weren't exactly the same in the 16 centres. For instance, Marseille or Montpellier teams only kept transcatheter closure for patients contraindicated for surgery or if they refused it [START_REF] Trivedi | Sequential management of post-myocardial infarction ventricular septal defects[END_REF], whereas the Grenoble team tended to enlarge indications with patients with little comorbidity not strictly contraindicated by surgeons, as a bridge to potential surgery (7).

Furthermore, PTC as a treatment for heart failure symptoms, in stabilized patients at chronic stage, seems to be a relevant choice. This applies in particular to the residual shunts after surgical patch, if their morphology is favourable [START_REF] Assenza | Transcatheter Closure of Post-myocardial Infarction Ventricular Septal Rupture[END_REF][START_REF] Schlotter | Interventional postmyocardial infarction ventricular septal defect closure: a systematic review of current evidence[END_REF]. The six patients excluded from our analyses (with an intervention delay superior to 90 days) had, indeed, better outcomes at 30 days and in the longer term.

Procedure skills and safety

We found nine failures of deployment of which two were for the same patient (nine failures for eight patients), representing a success rate of 86% (55/64 procedures). These results are similar to the largest published studies with success rates from 86 to 93% [START_REF] Omar | Management of post-myocardial infarction ventricular septal defects: A critical assessment[END_REF][START_REF] Wilson | Management of post-myocardial infarction ventricular septal rupture[END_REF][START_REF] Calvert | Percutaneous closure of postinfarction ventricular septal defect: in-hospital outcomes and long-term follow-up of UK experience[END_REF][START_REF] Xu | Percutaneous closure of postinfarct muscular ventricular septal defects: a multicenter study in China[END_REF][START_REF] Thiele | Immediate primary transcatheter closure of postinfarction ventricular septal defects[END_REF]. Our series also demonstrates the relative safety of such closures. We account for 4 (6.5%) perprocedural deaths in line with the literature. A Chinese important series shows 3 intra-