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our department. In four donors, echocardiography performed at the time of organ procurement showed a valvular disease: three had moderate-to-severe mitral regurgitation; and one had moderately severe aortic valve stenosis.

Results. -The mean bench mitral repair and aortic replacement time, aortic cross-clamp time and total ischaemic time were: 18 (range 7-25) minutes, 78.7 (range 57-98) minutes and 184 (range 89-255) minutes, respectively. Intraoperative transoesophageal echocardiography showed good mitral repair or aortic prosthetic valve function, and good right and left ventricular function. One patient died of infectious pneumonia after 1 month. The mean duration of follow-up for the patients discharged home was 75 ± 13 months, and all have returned to an active unrestricted lifestyle.

Conclusions. -Our limited series demonstrates that conventional valvular procedures performed on otherwise healthy donor hearts with mitral and aortic valve pathology can efficaciously expand the donor pool for orthotopic cardiac transplantation and decrease the mortality rate on the waiting list.

Résumé

Contexte. -La pénurie de greffons cardiaque a allongé le temps d'attente et augmenté la mortalité des patients inscrits sur liste de transplantation. L'élargissement des anciens critères du greffon du donneur a réussi à augmenter le nombre de transplantations cardiaques, mais pour nombreuses années, une maladie valvulaire du greffon du donneur a été considérée comme une contre-indication primaire au don d'organes.

Objectifs. -Nous analysons les résultats de la chirurgie valvulaire aortique et mitrale dans les coeurs de donneurs marginaux avec une valvulopathie avant la transplantation cardiaque orthotopique. 

Background

Orthotopic heart transplantation is still the gold-standard treatment for appropriately selected patients with terminal end-stage heart failure, but this therapeutic option is continuously limited by donor organ shortage. Given that the 1-year mortality rates without transplantation for patients listed as United Network for Organ Sharing (UNOS) status 2, 1B and 1A, are 8.1%, 10.1% and 14%, respectively [START_REF] Singh | Survival benefit from transplantation in patients listed for heart transplantation in the United States[END_REF],

surgeons have mainly two alternatives: turning to mechanical circulatory support devices as a bridge to transplantation; and widening the "standard" donor acceptance criteria, to increase the available donor pool by accepting "marginal donors". Donors are called "marginal" when they do not present strict adherence to the common guidelines for donor selection according to the UNOS database [START_REF] Singh | Survival benefit from transplantation in patients listed for heart transplantation in the United States[END_REF][START_REF] Copeland | Only optimal donors should be accepted for heart transplantation: protagonist[END_REF][START_REF] Costanzo | The International Society of Heart and Lung Transplantation Guidelines for the care of heart transplant recipients[END_REF][START_REF] Massad | Current trends in heart transplantation[END_REF][START_REF] Wittwer | Marginal donor grafts in heart transplantation: lessons learned from 25 years of experience[END_REF].

For instance, if the donor's heart presents a valve disease, the donor is classified as marginal, and it is contraindicated to use such a donor graft. However, conventional valve procedures performed on marginal donor hearts before heart transplantation can certainly expand the donor pool without affecting transplantation outcomes [START_REF] Massad | Bench repair of donor mitral valve before heart transplantation[END_REF][START_REF] Michler | Ex-vivo mitral valve repair prior to orthotopic cardiac transplantation[END_REF][START_REF] Prieto | Donor mitral valve repair in cardiac transplantation[END_REF][START_REF] Saito | Bench replacement of donor aortic valve before orthotopic heart transplantation[END_REF]. Here, we discuss the feasibility of performing valvular surgery on the donor graft before heart transplantation, and present the results of recipients of such grafts.

Methods

Between January 2012 and November 2015 we performed 53 heart transplantations in our department. In four donors, the echocardiography performed at the time of organ procurement showed a valvular disease: mitral regurgitation in three cases; and aortic valve stenosis in the fourth case.

Regional and global myocardial contractility were not impaired, biventricular function was preserved and right and left ventricle diameters were normal. Mitral regurgitation was moderate-to-severe in two cases (grade 3/4) and severe in one case (grade 4/4). However, the mitral leaflets and subvalvular apparatus were normal in all grafts. The main recipient/donor characteristics are shown in Table 1.

Concerning the three donors who had mitral regurgitation, in one case the moderate-to-severe mitral regurgitation was central, and from seeing the mitral valve anatomy it looked as though the underlying mechanism for valve incompetence was pure annular dilatation, without evidence of prolapse, regional wall motion abnormality or increased diameters of the left ventricle and atrium. In the second patient, the moderate-to-severe regurgitation was eccentric, and was probably caused by the presence of a great cleft in the posterior mitral valve leaflet between the P1 and P2 scallops. The third case had severe regurgitation as a result of prolapse in the middle part of the anterior leaflet, associated with moderate pulmonary artery hypertension (systolic pulmonary artery pressure was 60 mmHg); tricuspid valve function was normal without significant regurgitation, and the annulus was not dilated. Transoesophageal echocardiography (TOE) was ordered for the three cases to confirm the exact mechanism of mitral regurgitation. Because of limited means in the regional hospital, TOE was performed only in the second case, confirming the presence of a great cleft in the posterior mitral valve leaflet. The donor heart with severe aortic valve stenosis showed serious calcification of the noncoronary cusp, a mean gradient of 35 mmHg and a valve surface area of 1.2 cm 2 . Left ventricle interventricular septal wall thickness and posterior wall thickness were 13 mm and 14 mm respectively.

All other national transplant centres declined the four donor hearts, as they were evaluated as unsuitable for heart transplantation. After discussion with the cardiologist/anaesthesiologist, performing echocardiography and carefully analysing the underlying valvular mechanism of mitral regurgitation, we decided that the mitral valves could easily be repaired and the aortic valve rapidly changed. We adequately informed recipients and their families about the risks and benefits of the 

Surgery

The donor heart procurement technique was performed in the standard fashion with infusion of cold Custodiol® histidine-tryptophan-ketoglutarate (HTK) cardioplegia (Bretschneider HTK solution; Koehler Chemi, Alsbach-Haenlien, Germany) for myocardial protection.

At our centre, the harvested donor hearts were put in a bowl of saline slush solution, and the aortic or mitral valve was inspected carefully. Bench analysis of the aortic valve confirmed severe calcification of the non-coronary leaflets and partial calcification of the remaining leaflets. In hearts with mitral regurgitation, the valve was easily exposed on the bench through the opened left atrium, and showed no organic involvement. Mitral valve competence was tested by clamping the donor aorta and injecting cold saline solution through the mitral valve to obtain ventricular distension; such test confirmed the echocardiographic findings of mitral regurgitation. In the heart with the central mitral leak caused by incomplete leaflet coaptation secondary to annular dilatation, simple annuloplasty was enough to restore mitral competence. We performed annuloplasty with neochordal repair for the heart with prolapse in the middle part of the anterior leaflet. For the third heart, simple cleft closure was done by means of direct interrupted suture for the entire length of the cleft. After mitral repair, competence was tested by injecting cold saline through the valve, and no residual leak was found.

Orthotopic heart transplantation was performed using the bicaval technique in standard and uneventful circumstances in all patients. The running anastomosis of the left atrium was closed by only two stitches, so that the atrium could easily be reopened in case of unsuccessful mitral repair. Before the closure of the anterior side of the left atrium, a new hydrostatic test with saline solution confirmed the excellent result of mitral valve repair.

Whereas the three mitral valves were bench repaired before transplantation, the aortic valve was replaced after left atrium and bicaval anastomoses, just before aortic anastomosis. The non-coronary cusp was severely calcified, and the aortic valve was excised and replaced with a 21 mm Carpentier-Edwards valve, inserted with three polypropylene 3.0 running sutures.

Results

The mean donor age was 56.7 (range 47-64) years; two patients were aged > 60 years, one patient was aged < 50 years and 50% were males. Two donors died of traumatic or spontaneous intracranial haemorrhage, the third died of ischaemic stroke and the fourth of anoxic brain damage brought on by 30 minutes of cardiorespiratory arrest. Transport times to our hospital were < 60 minutes for three donors and > 2 hours for the fourth donor. One patient (patient 1 in Table 1) died of infectious pneumonia 1 month after heart transplantation. The mean follow-up for the patients discharged home was 75 ± 13 months, and all have returned to an active unrestricted lifestyle. The last postoperative echocardiography, in 2019, confirmed mitral valve competence and good left ventricular function. Echocardiography in the patient with aortic valve replacement showed regression of the left ventricular hypertrophy (interventricular septal wall thickness = 11 mm and posterior wall thickness = 10 mm) and normal bioprosthesis function at 6 months after surgery.

Discussion

Heart transplantation as an effective solution for terminal end-stage heart failure is increasingly limited by the growing discrepancy between the number of transplant candidates and the number of available organs. Donor heart shortage has prolonged the waiting time and increased mortality in patients on the transplant waiting list. For this reason, several cardiac centres have expanded the donor pool by stretching certain standard criteria. Khush et al. [START_REF] Khush | National decline in donor heart utilization with regional variability: 1995-2010[END_REF] analysed Organ Procurement and Transplantation Network data evaluating all potential adult heart donors between 1995 and 2010. The network covered more than 80,000 potential donors, of whom 34% were accepted and 48% refused (18% were used for other purposes). There was a significant drop in donor heart acceptance from 44% in 1995 to 29% in 2006, which was followed by an increase to 32% in 2010. Nonetheless, the International Society for Heart and Heart-Lung Transplantation Registry data from 2016 showed a rise in overall heart transplantations from 4500 in 2011 to > 5700 (i.e. an increase of almost 27%) [START_REF] Khush | The International Thoracic Organ Transplant Registry of the International Society for Heart and Lung Transplantation: Thirty-fifth Adult Heart Transplantation Report-2018; Focus Theme: Multiorgan Transplantation[END_REF]. These results are the direct product of expanding donor heart criteria without affecting the morbidity and mortality of recipients of organs from older donors, those with systemic diseases or infections and those requiring high-dose inotropic support [START_REF] Massad | Current trends in heart transplantation[END_REF][START_REF] Wittwer | Marginal donor grafts in heart transplantation: lessons learned from 25 years of experience[END_REF][START_REF] Forni | Impact of donor quality on outcome of heart transplantation[END_REF][START_REF] Kransdorf | Donor evaluation in heart transplantation: The end of the beginning[END_REF][START_REF] Lima | Marginal cardiac allografts do not have increased primary graft dysfunction in alternate list transplantation[END_REF][START_REF] Menkis | Successful use of the "unacceptable" heart donor[END_REF]. At the same time, there are concerns regarding the risk of increasing heart dysfunction and failure.

For many years, organic valve disease has been considered a primary contraindication for using a donor organ in heart transplantation. Literature reports confirm that certain donor criteria have been expanded safely, but only sporadic cases are documented in the literature regarding bench repair or replacement of valve before heart transplantation [START_REF] Massad | Bench repair of donor mitral valve before heart transplantation[END_REF][START_REF] Michler | Ex-vivo mitral valve repair prior to orthotopic cardiac transplantation[END_REF][START_REF] Prieto | Donor mitral valve repair in cardiac transplantation[END_REF][START_REF] Saito | Bench replacement of donor aortic valve before orthotopic heart transplantation[END_REF], and in most heart transplant centres, a heart valve disease remains a real contraindication for heart donation. Mitral valve bench correction has rarely been performed, because of concerns related to feasibility of repair, durability and the additional ischaemic time that the donor heart experiences; an organ should be maintained well over a period of < 4 hours. The additional ischaemic time that is required to perform the valve repair or replacement needs to be taken into account before using a donor heart with a valvular dysfunction. In our experience, three out of the four donors were located < 1 hour away, and this short distance was an important factor for safely performing the additional valvular surgery.

The assessment of mitral valve regurgitation in a donor patient is essential to determine the mechanism, severity and reversibility of the disease before planning about mitral valve repair.

However, this evaluation may be compromised by a decreased afterload resulting from loss of peripheral vascular tone, or inflated by transient ventricular dysfunction [START_REF] Zaroff | Temporal changes in left ventricular systolic function in heart donors: results of serial echocardiography[END_REF]. For this purpose, TOE evaluation should be performed. When TOE cannot be performed, a direct discussion with the cardiologist/anaesthesiologist responsible for conducting the echocardiography is essential to understand if the mitral regurgitation can be reversible or not.

We do believe that a donor with mitral valve regurgitation, in an otherwise normal heart and with excellent cardiac function, should be carefully evaluated. Therefore, it is justified to perform bench mitral valve repair in selected cases, without a significant increase in recipient morbidity and mortality. Donor hearts should not present electrocardiographic and echocardiographic signs of left ventricular hypertrophy.

In some cases, we think that the presence of mitral regurgitation with moderate pulmonary hypertension may be a protective factor, as in such a case the right ventricle is preconditioned to a blood pressure regime similar to the recipient's, as in the case of our patient with valvular cardiomyopathy and moderate pulmonary hypertension.

Very few cases of heart transplantation with concomitant aortic valve replacement for moderateto-severe aortic regurgitation or aortic stenosis have been reported [START_REF] Saito | Bench replacement of donor aortic valve before orthotopic heart transplantation[END_REF][START_REF] Larobina | Aortic valve replacement for aortic stenosis during orthotopic cardiac transplant[END_REF][START_REF] Patel | Bioprosthetic Aortic Valve Replacement in a Donor Heart before Orthotopic Heart Transplantation[END_REF]. When aortic valve replacement is planned in a donor heart, we believe that careful evaluation of left ventricular hypertrophy status and the expected ischaemic time is mandatory. It is evident that significant left ventricular hypertrophy and prolonged ischaemic time will jeopardize the transplant outcome. Thus, in our point of view, it is reasonable to avoid a donor heart presenting posterior wall and interventricular septum thicknesses in diastole of > 14 mm.

Conclusions

The constant increase in patients listed annually for cardiac transplantation is not met by a similar increase in the number of heart transplantations, which prolongs the waiting time and eventually increases mortality on the waiting list. Therefore, different "standard" donor acceptance criteria have been moderated to increase the available donor pool, by accepting "marginal donors" who would, under conventional transplant guidelines, be declined as potential organ donors.

Our limited series shows that conventional valvular procedures performed on otherwise healthy donor hearts with mitral and aortic valve pathology can efficiently expand the donor pool for orthotopic cardiac transplantation and decrease the mortality rate on the waiting list. Accepting marginal donors with valvular disease may still be controversial, but when surgical repair or replacement can be performed, without significantly extending the ischaemic time, this approach is useful, and may provide better long-term survival compared with the patients' outcome on the waiting list.

Méthodes. -

 - Entre janvier 2012 et novembre 2015, 53 transplantations cardiaques ont été réalisé dans notre service. Dans 4 donneurs, l'échocardiographie, réalisée au moment de l'évaluation des greffons, a objectivé une maladie valvulaire. Trois présentaient une régurgitation mitrale de modérée à sévère et un, une sténose valvulaire aortique modérément sévère. Résultats. -Le temps moyen de réparation mitrale et de remplacement aortique au banc, le temps de clampage aortique et le temps ischémique total étaient: 18 (min 7, max 25) minutes, 78,7 (min 57, max 98) minutes et 184 (min 89, max 255) minutes, respectivement. L'échocardiographie transoesophagienne peropératoire a montré une bonne réparation mitrale ou une bonne fonction de la prothèse valvulaire aortique, ainsi qu'une bonne fonction ventriculaire droite et gauche. Un patient est décédé d'une pneumonie infectieuse après un mois. Le suivi moyen des patients sortis à domicile a été de 75 ± 13 mois et tous sont revenus à un mode de vie actif et sans restriction. Conclusions. -Notre série limitée montre que les procédures valvulaires conventionnelles effectuées sur des coeurs de donneurs autrement sains avec une pathologie valvulaire mitrale ou aortique peuvent augmenter efficacement le bassin de donneurs pour la transplantation cardiaque orthotopique et diminuer le taux de mortalité sur la liste d'attente.

  intervention, and they agreed to proceed with heart transplantation after graft valve surgery. The decision to use a marginal donor was essentially based on the emergency degree: three patients on Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) scale level 3 were uplisted as high-urgent because of critical haemodynamic status, New York Heart Association functional class IV and being on inotropic drug support; the fourth (INTERMACS level 2) had been hospitalized for 1 week for life-threatening ventricular arrhythmias.

  The mean recipient age was 57.5 (range 53-62) years, and three were males. All patients had refractory heart failure caused by idiopathic dilated cardiomyopathy, valvular cardiomyopathy, ischaemic dilated cardiomyopathy and amyloid cardiomyopathy, respectively; the patient with valvular cardiomyopathy had a redo operation.The mean bench mitral repair and aortic replacement time, aortic cross-clamp time and total ischaemic time were 18 (range 7-25) minutes, 78.7 (range 57-98) minutes and 184 (range 89-255) minutes, respectively. Intraoperative TOE demonstrated good mitral valve repair, normal aortic prosthetic valve function and good right and left ventricular function. A routine immunosuppressive protocol was applied.
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