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Novel Device Therapies for Heart Failure
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Heart failure (HF) therapeutics have advanced significantly over the past few years. Despite this, HF continues to place a significant burden on both patients and the healthcare system. This is evidenced by its heavy impact on the mortality and quality of life of the affected patients and their relatives. It also continues to constitute a huge strain on healthcare costs both in terms of expenditures as well as days lost to hospitalization and resultant disability.



Many of the mechanisms underlying HF still lack effective directed medical treatments. In addition, some patients remain symptomatic despite optimal treatment with the current available medications. These factors justify the continued search for devices to treat or supplement the treatment of these patients. In 2016, the United States’ Congress authorized the Breakthrough Devices Program to improve access to innovative devices used to treat life-threatening conditions, including HF. Since then, there has been an exponential increase in the number of devices developed to treat HF [1]. Some of the targets for these devices include valvular abnormalities, the autonomic nervous system, cardiac contractility, and respiratory irregularities.



Cardiac resynchronization therapy has been available for years, but there are specific criteria for its use, including left ventricular ejection fraction (LVEF) of less than 35% and electrocardiographic evidence of ventricular dyssynchrony [2]. Therefore, only about 30% of patients with HF qualify for this treatment. This necessitates the development of more devices with the potential for further reaching clinical benefits.



Cardiac contractility modulation (CCM) devices have been tested in patients with LVEF of 25% to 45% and New York Heart Association (NYHA) class III or IV symptoms. These devices deliver biphasic high-voltage bipolar signals to the right ventricular septum during the absolute refractory period of the cardiac cycle. They are generally safe and yield significant improvements in exercise tolerance and overall quality of life. A study also found up to a 70% reduction in the composite of cardiovascular death and HF hospitalization in appropriately selected patients [3]. In another study, CCM was associated with objective improvements in global longitudinal strain and myocardial mechano-energetic efficiency [4] In addition to increased cardiac contractility, CCM has been shown to contribute to improvement in calcium handling and reverse cardiac remodeling [5]. A recent multi-center pilot study suggests that these benefits may extend to patients with heart failure with preserved ejection fraction (HFpEF) [6].



Abnormalities of the autonomic nervous system contribute significantly to the pathogenesis of HF. Blunting the sympathoadrenal output has been a long-term focus of HF research. Baroreflex activation therapy (BAT) targets this and attempts to eliminate the sympathovagal imbalance in patients with HF [7]. A recent meta-analysis found that BAT is safe and significantly improves the quality-of-life measures, including 6 min walk distance and NYHA classification in patients with heart failure with reduced ejection fraction (HFrEF) [8].



Elevated left atrial pressure, particularly during physical activities, is a pathologic hallmark across all spectrums of HF. It contributes significantly to exercise intolerance in these patients [9]. Inter-atrial shunt devices (IASDs) reduce left atrial pressure by creating an iatrogenic shunt between the left and right atria [10]. Many promising IASDs are currently being evaluated in clinical trials to improve the quality of life of patients with HF, especially those with preserved and mildly reduced LVEF.



Sleep-disordered breathing (SDB), especially central sleep apnea, has been identified in about 50% of patients with HF [11]. SDB is associated with significantly higher mortality and rehospitalization rates among HF patients [12]. Treatment of SDB with continuous positive airway pressure and adaptive servoventilation has generated mixed outcomes thus far [13,14] However, multiple studies have demonstrated the safety and efficacy of phrenic nerve stimulation (PNS) therapy in improving the quality of life of patients with HF, regardless of the LVEF [15]. With these results, PNS was approved for HF patients in the United States. Asymptomatic diaphragmatic stimulation is another modality that is currently being studied, with promising initial data [16].



Mitral valve regurgitation (MR) is not unusual in HF patients, both as a cause of HF and as a consequence of the pathological changes in advanced HF. Many devices have been developed to facilitate transcatheter edge-to-edge repair (TEER) of the mitral valve, but the outcomes for patients with functional MR were initially mixed [17,18]. More encouraging data showed the benefit of TEER in selected patients with functional MR. Some of these novel devices are still being evaluated in ongoing clinical trials with less restrictive inclusion criteria.



Several devices used for edge-to-edge repair and transcatheter replacement of the tricuspid valve are also undergoing clinical trials. They are hypothesized to improve outcomes in HF patients with significant tricuspid regurgitation (TR), as TR is associated with higher rates of mortality and hospitalizations in HF patients [19].



Left ventricular dilation and remodeling have been identified as key contributors to the pathogenesis and poor outcomes of HF. Less invasive ventricular enhancement (LIVE) is a device system designed to address this theory. LIVE consists of a system of anchors that are implanted into the ventricular walls. This is still being studied in clinical trials, but initial data have shown significant improvement in LVEF and HF symptoms [20]. Inadvertent lead malposition is a rare complication of device placement. Multiple studies, including a recent systematic review, have shown good outcomes in patients with this rare complication [21].



Device therapy for HF is a rapidly expanding field with many benefits. It complements the pharmacotherapy of HF, especially in patients who remain symptomatic despite optimal medical therapy. These novel devices largely target pathologic mechanisms with no current effective medical treatment. Most of these devices are beneficial only in patients with HFrEF, necessitating continuous work in this area to find solutions that help different classes/types of HF.



Devices also eliminate the problem of non-adherence to treatment once they are in place. Many of them require minimally invasive procedures for placement and are generally well tolerated by the vast majority of patients. Providers need additional training for these novel devices. The expertise required for successful placement is expected to grow with the increasing deployment of these devices. Physicians are encouraged to discuss device options with their patients, along with the benefits and potential complications, to help them make informed decisions about their treatment.






Conflicts of Interest


The authors declare no conflict of interest.




References


	



Fudim, M.; Abraham, W.T.; von Bardeleben, R.S.; Lindenfeld, J.; Ponikowski, P.P.; Salah, H.M.; Khan, M.S.; Sievert, H.; Stone, G.W.; Anker, S.T.; et al. Device Therapy in Chronic Heart Failure: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2021, 78, 931–956. [Google Scholar] [CrossRef]

	



Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.; Evers, L.R.; et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022, 145, e895–e1032. [Google Scholar] [CrossRef]

	



Abraham, W.T.; Kuck, K.-H.; Goldsmith, R.L.; Lindenfeld, J.; Reddy, V.Y.; Carson, P.E.; Mann, D.L.; Saville, B.; Parise, H.; Chan, R.; et al. A Randomized Controlled Trial to Evaluate the Safety and Efficacy of Cardiac Contractility Modulation. JACC Heart Fail. 2018, 6, 874–883. [Google Scholar] [CrossRef] [PubMed]

	



Masarone, D.; Kittleson, M.M.; De Vivo, S.; D’Onofrio, A.; Ammendola, E.; Nigro, G.; Contaldi, C.; Martucci, M.L.; Errigo, V.; Pacileo, G. The Effects of Device-Based Cardiac Contractility Modulation Therapy on Left Ventricle Global Longitudinal Strain and Myocardial Mechano-Energetic Efficiency in Patients with Heart Failure with Reduced Ejection Fraction. J. Clin. Med. 2022, 11, 5866. [Google Scholar] [CrossRef] [PubMed]

	



Tschöpe, C.; Kherad, B.; Klein, O.; Lipp, A.; Blaschke, F.; Gutterman, D.; Burkhoff, D.; Hamdani, N.; Spillmann, F.; Van Linthout, S. Cardiac contractility modulation: Mechanisms of action in heart failure with reduced ejection fraction and beyond. Eur. J. Heart Fail. 2019, 21, 14–22. [Google Scholar] [CrossRef]

	



Linde, C.; Grabowski, M.; Ponikowski, P.; Rao, I.; Stagg, A.; Tschöpe, C. Cardiac contractility modulation therapy improves health status in patients with heart failure with preserved ejection fraction: A pilot study (CCM-HFpEF). Eur. J. Heart Fail. 2022, 24, 2275–2284. [Google Scholar] [CrossRef]

	



Zile, M.R.; Lindenfeld, J.; Weaver, F.A.; Zannad, F.; Galle, E.; Rogers, T.; Abraham, W.T. Baroreflex Activation Therapy in Patients With Heart Failure With Reduced Ejection Fraction. J. Am. Coll. Cardiol. 2020, 76, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



Coats, A.J.S.; Abraham, W.T.; Zile, M.R.; Lindenfeld, J.A.; Weaver, F.A.; Fudim, M.; Bauersachs, J.; Duval, S.; Galle, E.; Zannad, F. Baroreflex activation therapy with the BarostimTM device in patients with heart failure with reduced ejection fraction: A patient level meta-analysis of randomized controlled trials. Eur. J. Heart Fail. 2022, 24, 1665–1673. [Google Scholar] [CrossRef]

	



Verbrugge, F.H.; Dupont, M.; Bertrand, P.B.; Nijst, P.; Grieten, L.; Dens, J.; Verhaert, D.; Janssens, S.; Tang, W.H.W.; Mullens, W. Pulmonary vascular response to exercise in symptomatic heart failure with reduced ejection fraction and pulmonary hypertension. Eur. J. Heart Fail. 2015, 17, 320–328. [Google Scholar] [CrossRef]

	



Nanayakkara, S.; Kaye, D.M. Device therapy with interatrial shunt devices for heart failure with preserved ejection fraction. Heart Fail. Rev. 2022, 28, 281–286. [Google Scholar] [CrossRef]

	



ARZT, M.; Oldenburg, O.; Graml, A.; Schnepf, J.; Erdmann, E.; Teschler, H.; Schoebel, C.; Woehrle, H.; SchlaHF-XT Investigators. Prevalence and predictors of sleep-disordered breathing in chronic heart failure: The SchlaHF-XT registry. ESC Heart Fail. 2022, 9, 4100–4111. [Google Scholar] [CrossRef]

	



Ohmura, T.; Iwama, Y.; Kasai, T.; Kato, T.; Suda, S.; Takagi, A.; Daida, H. Impact of Predischarge Nocturnal Pulse Oximetry (Sleep-Disordered Breathing) on Postdischarge Clinical Outcomes in Hospitalized Patients with Left Ventricular Systolic Dysfunction After Acute Decompensated Heart Failure. Am. J. Cardiol. 2013, 113, 697–700. [Google Scholar] [CrossRef]

	



Bradley, T.D.; Logan, A.G.; Kimoff, R.J.; Sériès, F.; Morrison, D.; Ferguson, K.; Belenkie, I.; Pfeifer, M.; Fleetham, J.; Hanly, P.; et al. Continuous Positive Airway Pressure for Central Sleep Apnea and Heart Failure. N. Engl. J. Med. 2005, 353, 2025–2033. [Google Scholar] [CrossRef]

	



Cowie, M.R.; Woehrle, H.; Wegscheider, K.; Angermann, C.; D’Ortho, M.-P.; Erdmann, E.; Levy, P.; Simonds, A.K.; Somers, V.K.; Zannad, F.; et al. Adaptive Servo-Ventilation for Central Sleep Apnea in Systolic Heart Failure. N. Engl. J. Med. 2015, 373, 1095–1105. [Google Scholar] [CrossRef] [PubMed]

	



Iftikhar, I.H.; Khayat, R.N. Central sleep apnea treatment in patients with heart failure with reduced ejection fraction: A network meta-analysis. Sleep Breath. 2021, 26, 1227–1235. [Google Scholar] [CrossRef] [PubMed]

	



Zuber, M.; Young, R.; Shaburishvili, T.; Rudenko, K.; Demyanchuk, V.; Jorbenadze, A.; Buriak, R.; Todurov, B.; Mirro, M.; Staempfli, S.; et al. First in human VisONE heart failure study: Asymptomatic diaphragmatic stimulation for chronic heart failure: One month results. J. Card. Fail. 2019, 25, S183. [Google Scholar] [CrossRef]

	



Obadia, J.-F.; Messika-Zeitoun, D.; Leurent, G.; Iung, B.; Bonnet, G.; Piriou, N.; Lefèvre, T.; Piot, C.; Rouleau, F.; Carrié, D.; et al. Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation. N. Engl. J. Med. 2018, 379, 2297–2306. [Google Scholar] [CrossRef]

	



Stone, G.W.; Lindenfeld, J.; Abraham, W.T.; Kar, S.; Lim, D.S.; Mishell, J.M.; Whisenant, B.; Grayburn, P.A.; Rinaldi, M.; Kapadia, S.R.; et al. Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N. Engl. J. Med. 2018, 379, 2307–2318. [Google Scholar] [CrossRef]

	



Abello, L.M.V.; Klein, A.L.; Marwick, T.H.; Nowicki, E.R.; Rajeswaran, J.; Puwanant, S.; Blackstone, E.H.; Pettersson, G.B. Understanding right ventricular dysfunction and functional tricuspid regurgitation accompanying mitral valve disease. J. Thorac. Cardiovasc. Surg. 2013, 145, 1234–1241.e5. [Google Scholar] [CrossRef] [PubMed]

	



Loforte, A.; Alfonsi, J.; Gliozzi, G.; Folesani, G.; Fiorentino, M.; Biffi, M.; Marinelli, G.; Di Bartolomeo, R.; Pacini, D. Less invasive ventricular enhancement (LIVE) as potential therapy for ischaemic cardiomyopathy end-stage heart failure. J. Thorac. Dis. 2019, 11, S921–S928. [Google Scholar] [CrossRef]

	



Spighi, L.; Notaristefano, F.; Piraccini, S.; Giuffrè, G.; Barengo, A.; D’Ammando, M.; Notaristefano, S.; Bagliani, G.; Zingarini, G.; Angeli, F.; et al. Inadvertent Lead Malposition in the Left Heart during Implantation of Cardiac Electric Devices: A Systematic Review. J. Cardiovasc. Dev. Dis. 2022, 9, 362. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcdd-10-00165


  
    		
      jcdd-10-00165
    


  




  





media/file0.png





