The evolution of mechanical circulatory support (MCS): a new
wave of developments in MCS and heart failure treatment

Cardiovascular diseases and heart failure (HF) remain one of the major causes of worldwide mortality. According to the
American Heart Association, 85.6 million adults in the US suffer from cardiovascular diseases, out of which 5.7 million are
living with HF (1). Decades of dedicated efforts on clinical as well as technological aspects of mechanical circulatory support
(MCS) devices have led to their widespread success and acceptance for the treatment of advanced HF. Ventricular assist
devices are key players in the MCS field. Left ventricular assist devices (LVADs) are a promising treatment option for HF due
to the dearth of available donor organs for cardiac transplantation, despite the increasing number of patients on waiting lists (2).
As per the annual INTERMACS reports, over 13,000 patients in the US received LVAD support in 2014 (3). Long-term
follow-up studies of the newest generation of LVADs, including the HeartMate 3 (Abbott, North Chicago, IL, USA) and
HVAD (Medtronic, Minnesota, MS, USA) have revealed high patient survival rates and reduced post-operative complication
rates (4,5). These results indicate the widespread success of LVAD therapy as a promising treatment option for advanced HE.
This issue therefore combines a wide array of articles in the field of MCS with a special focus on the current state of the art—
LVAD:s.

The improved pump design and further miniaturization of the newest generation of LVADs have led to significantly
improved clinical outcome. Such technological aspects of LVADs along with their clinical performance have been reviewed
and discussed in articles by Chatterjee ez 4/., as part of this focused issue (6,7). Pump miniaturization has greatly facilitated
the development of less or minimally invasive surgical techniques for LVAD implantation, which have in turn reduced post-
operative complications such as bleeding and surgical trauma. In this issue Schmitto ez /. describes a successful, less invasive
surgical strategy for HeartMate 3 implantation (8). This surgical technique, which was initially developed in Hannover
(“Hannover VAD-technique”) (9) is associated with many advantages (less trauma, less bleeding less right heart failure, better
outcome) and tips and tricks of this less invasive technique have been presented by Deniz er al. (10). Wert et a/l. and Ricklefs
et al. demonstrate how such minimally invasive LVAD implantation techniques can improve cardiogenic shock patient
outcome as well as renal function respectively (11,12). Furthermore, left ventricular dysfunction in HF patients is often found
to be associated with mitral valve regurgitation, often warranting challenging multifactorial surgical strategies. Dogan et al.
presented a study on this topic where HF patients treated with a novel device for transcatheter mitral valve repair prior to
LVAD implantation in order to treat both mitral valve regurgitation and ventricular dysfunction (13).

Right HE, pump thrombosis and LVAD-related infections are some of the most common complications observed after
LVAD implantation and have been associated with mortality and re-hospitalization. Ricklefs ez 4/. presented data on the
outcome of the worldwide first successful HeartMate 3 implantation as a treatment for right HF (14). The same group also
described a novel surgical tool for myocardial recovery after LVAD implantation (15). Pump thrombosis is a particularly
severe post-operative complication and is often treated by lysis therapy. Wert ez 4/., demonstrated the incorporation of
direct thrombin inhibitors such as argatroban as a thrombosis management strategy (16). In cases where lysis therapy
proves unsuccessful, surgical interventions such as pump exchange are warranted. Hanke ez /. explored the feasibility of
minimally invasive pump exchange as a treatment for pump thrombosis in LVAD patients and associated complications (17).
Timely detection of suspected LVAD pump thrombosis may reduce the need for surgical intervention and control related
complications. Therefore currently, considerable research is focused on the detection of pump thrombosis, as demonstrated
by Feldmann ez 4. who presented data from a study on an acoustic detection method for testing artificial thrombus models (18).
In cases where pump exchange is an inevitable treatment option, less invasive surgical strategies and innovative devices
that facilitate less invasiveness will help reduce further post-operative complications in patients (15). Another critical post-
operative complication associated with LVAD-related re-hospitalization and mortality is the occurrence of LVAD-driveline
infections. This topic has been addressed by Wert ez a/. who presented a surgical approach for reducing driveline infections (19).
Current research efforts are focused not only on improving patient survival and complication rates but also on LVAD patient
aftercare, improving patient quality of life and functional capacity. This topic has been explored in detail by Schmidt ez 2/. and
Reiss et al. (20,21).
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The positive clinical outcomes of LVAD-implantation in European and American patient populations have led to the
creation of international VAD programs and adoption of this treatment option for HF in other countries as well. This
issue highlights some of the initial experiences of VAD implantation programs which have been developed to address the
needs of diverse patient populations. These include studies by Nestorovic et /., Pedemonte ez al. and Tarazi et al. who have
documented initial experiences with LVAD implantation in Serbia, Chile and Kuwait respectively (22-24).

Cardiological diagnoses and interventions are other integral parts of HF management. A study by Berliner ez a/. has
discussed the role of cardiological intervention in the management of cardiovascular diseases such as myocardial ischemia (25).
Cardiological interventions may also involve cell-based approaches such as stem cell transplantation for myocardial
regeneration, a topic which has been reviewed by Rao ez a/. (26). HF in adult patients can also arise from inborn disorders,
characterized by ventricular arrhythmias and possess an increased risk of mortality due to sudden cardiac death. Such patients
may be treated by implantable cardioverter defibrillator therapy, as shown by Hohmann et a/. (27). Some patients suffering
from HF may be afflicted with respiratory failure as well and require cardiopulmonary support, till recovery or intervention
by long-term MCS. This is often performed using extracorporeal membrane oxygenation (ECMO) devices, which has been
reviewed by Lescouflair et al. (28).

MCS and LVAD treatment algorithms and management procedures are dynamic processes. The evolution of miniaturized
LVAD pump design and less invasive surgical strategies have considerably improved patient survival and quality of life.
However further surgical and engineering efforts in parallel to interdisciplinary approaches focused on better control of post-
operative complications, patient aftercare and cost-effectiveness is warranted to advance the current state of the art.
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