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        Abstract


        Patients with end stage heart failure often develop pulmonary hypertension which resolves after placement of left ventricular assist device (LVAD). Some patients develop persistent pulmonary hypertension despite LVAD implantation. This excludes them from being able to receive a heart transplant. High pulmonary vascular resistance is associated with poor prognosis in patients with LVAD. There are no treatment guidelines available for long term treatment of pulmonary hypertension in LVAD patients in an ambulatory setting. We present a case of persistently high pulmonary vascular resistance in a patient with LVAD who qualified for heart transplant, after his pulmonary vascular resistance and pulmonary artery pressures were successfully reduced with combination of sildenafil, selexipag and macitentan. As to our knowledge, treatment of persistent pulmonary hypertension post LVAD with long-term selexipag has not been reported in the literature. Patients with persistent pulmonary hypertension despite LVAD implantation should be assessed and treated in the ambulatory setting with pulmonary vasodilator therapy to decrease mortality and aid in candidature for heart transplantation.
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        Introduction


        Patients with end stage heart failure often develop secondary pulmonary hypertension and subsequently right ventricular (RV) failure. Despite left ventricular assist device (LVAD) implantation, some patients develop persistent pulmonary hypertension and RV failure [1,2]. Pulmonary hypertension, with consistently elevated pulmonary vascular resistance (PVR), is associated with poor prognosis in patients with LVAD [3] and has a linear relationship with transplant mortality [4]. Consequently, elevated PVR is a relative contraindication for orthotopic heart transplantation. Although no established medical therapy guideline has been established for chronic treatment of pulmonary hypertension in patients with LVAD, we describe the use of combining pulmonary vasodilators in ambulatory setting to reduce PVR and improve RV function in a patient with durable LVAD (Abbott Heart Mate II) which facilitated the patient's candidacy for orthotopic heart transplantation.


        Case


        The patient is a 69-years-old male with ischemic cardiomyopathy and left ventricular ejection fraction of 10%. He initially presented to the hospital for acute on chronic systolic heart failure. Echocardiogram showed global hypokinesis and tricuspid annular plane systolic excursion of 9 millimeter. He experienced cardiac arrest early in his hospital course secondary to ventricular tachycardia (VT) with eventual return of spontaneous circulation after advanced cardiopulmonary resuscitation. An electrocardiogram exhibited acute ST depression; coronary angiogram revealed stenosis of left anterior descending, right coronary artery (RCA) and ramus occlusions. Percutaneous coronary intervention of all three vessels was performed and an axillary percutaneous ventricular assist device (Abiomed Impella 5.0) was inserted for management of acute cardiogenic shock. Attempts were made to wean the device however the patient was device dependent and was subsequently evaluated and implanted with a durable LVAD.


        Although his pulmonary capillary wedge pressure was normal, his RV was moderately dilated and hypokinetic. As a result, it became difficult to optimize his LVAD speed above 8400 revolutions per minute (RPM) as he would have persistent drop in pulsatility index despite multiple speed optimization studies with echocardiogram. Even though he was started on spironolactone 25 mg twice daily and sildenafil 80 mg three times a day for RV support, his LVAD speed could not be increased. The lower speed increased his risk of LVAD thrombosis, therefore a decision was made to set a higher INR goal of 2.5 and 3.5. He was discharged in stable condition 7 weeks after his day of admission.


        Upon two-month follow-up, he underwent a right heart catheterization which showed elevated right atrial, RV, pulmonary artery pressures, PVR and trans-pulmonary gradient (Table 1). He was evaluated for heart transplant and was declined based on elevated PVR. In addition to the sildenafil, we started our patient on selexipag 200 mcg twice daily and after one month his LVAD speed was increased to 8800 RPM.


        
          Table 1: Patients follow-up observation. View Table 1

        


        Selexipag was uptitrated to 600 mcg twice daily over 6 months. A repeat right heart catheterization showed significant improvement in right atrial, RV, pulmonary artery pressures and PVR (Table 1). Since his PVR was still above 3 woods unit, his selexipag was increased to 800 mcg. This caused him to experience side effects of facial flushing, headaches, nausea and diarrhea, therefore the dose was decreased to 600 mg twice daily.


        Given PVR was still high to qualify for heart transplant, macitentan 10 mg daily was started in addition to sildenafil and selexipag. A repeat echocardiogram two months after starting macitentan showed a reduction of pulmonary artery pressures. Right heart catheterization revealed PVR of less than 3 woods units on maximum tolerated dose of selexipag, macitentan and sildenafil (Table 1). We were able to set LVAD speed at 9000 RPM. He was successfully referred for heart transplantation.


        Discussion


        The beneficial effect of reduced PVR after LVAD implantation is not achieved in all the patients [1]. Certain patients with group 2 pulmonary hypertension develop persistently increased PVR and trans-pulmonary gradient which is typical for precapillary group 1 pulmonary hypertension. The elevated left ventricular pressure does not explain for these extremely high pulmonary resistance and pressure gradient in solo [5]. In addition, this results from a reactive increase in vascular smooth muscle tone and vascular remodeling, as chronic pulmonary congestion decreases nitric oxide and increases endothelin-1 expression [6].


        The International Society for Heart and Lung Transplant (ISHLT) suggests the use of sildenafil or milrinone as an adjunct medical therapy for patients with LVAD and persistent pulmonary hypertension; however, there are no available recommendations for chronic outpatient use of pulmonary vasodilators in LVAD patients because of lack of data [7]. Studies have found sildenafil [1,8] and bosentan [2] safe and well tolerated in treating pulmonary hypertension post LVAD.


        The patient was particularly challenging as he had persistent pulmonary hypertension after LVAD implantation despite being on sildenafil. Although his pulmonary capillary wedge pressure was normal, due to high PVR and worsening RV function, it was difficult to maintain high RPM of the axial flow pump. LVAD had to be set on low RPM but this increased his risk for LVAD thrombosis. To achieve a balance between acceptable RPM on LVAD and subsequently preventing LVAD thrombosis, we introduced selexipag and macitentan for RV afterload and PVR reduction. As to our knowledge, treatment of persistent pulmonary hypertension post LVAD with long-term selexipag has not been reported in the literature. This combination allowed for the VAD speed to be increased and mitigate thrombosis risk. On follow-up, the combinations of these pulmonary vasodilators (sildenafil, selexipag and macitentan) reduced PVR, and mean pulmonary artery pressure and aided our patient to qualify for orthotopic heart transplantation.


        As we keenly await the results of the prospective, double-blind, randomized clinical trial SOPRANO (Clinical Study to Assess the Efficacy and Safety of Macitentan in Patients with Pulmonary Hypertension After Left Ventricular Assist Device Implantation; NCT02554930), currently, the decision to continue long-term therapy for persistent pulmonary hypertension post LVAD implantation may have to be based up on previous non-randomized studies. Pulmonary vasodilator therapy should be tailored towards individual patient after assessing the risks and benefits.


        Conclusion


        In the presence of persistent pulmonary hypertension despite LVAD implantation, individual patients can be assessed and treated in the ambulatory setting with pulmonary vasodilator therapy to prevent hemodynamic decline, reduce mortality and aid in candidature for heart transplantation. Given the paucity of concrete data, the selections of medications have to be individualized towards the patient.
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