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Abstract. Heart failure (HF) is a disease from which 12% of patients with NYHA FC III-

IV die every year in the world. In Russia, this figure is about 612 thousand patients. This article dis-

cusses effective technologies for the treatment of patients with end-stage heart failure: orthotopic 

heart transplantation and a mechanical VAD device that partially or completely replaces heart func-

tion. Opportunities and prospects for improving the use of VAD are estimated. 
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Heart failure is a major worldwide health problem. Annual mortality from chronic heart 

failure (CHF), even under treatment in a specialized hospital, reaches 12% among patients with 

NYHA FC III-IV [1]. In Russia, up to 612 thousand patients die from CHF every year. Despite the 

significant achievements of modern pharmacology, in a number of cases, it is impossible to avoid 

the decompensation of heart failure and the development of its terminal stage. Such situations re-

quire an increase in the doses of taken drugs, but even with their help at this stage of the disease, it 

is not possible to achieve compensation for blood circulation. For such cases, new treatment tech-

nologies have been developed: orthotopic heart transplantation (OHT) or mechanical circulatory 

support using a left ventricular assist device (VAD). Both methods are better for the prognosis and 

quality of patient’s life [2,3,4]. 

Orthotopic heart transplantation is a transplantation, in which the native heart is removed 

and replaced by the donor organ in the same anatomic position as the original heart. About 4000 

heart transplantations are performed annually in the world [5] (the overwhelming majority of inter-

ventions take place in Europe and North America [6]). In Russia, over the past years, there has been 

a significant increase in the number of heart and other organs transplants. However, there are still 

many unresolved ethical and legislative problems, as well as the complexity of the optimal trans-

plant selection, its engraftment/rejection, etc. 

In patients who are not suitable for transplantation or who do not have an available organ 

donation, the method of mechanical circulatory support using a left ventricular assist device (VAD) 



 

can be successfully applied. For the first time in 1966, American cardiac surgeon Michael Ellis 

DeBakey successfully used a ventricular assist device for post-cardiotomy heart function support [7, 

8]. Since then, there has been a continuous process of miniaturization of implantable heart support 

devices. And the first implantable VAD device – HeartMate II – was placed in 1991 [9]. Its internal 

parts were developed based on the experience of existing components of the Hemopump – an im-

plantable axial pump with a catheter, which was first used in clinical practice in 1988 [10]. The in-

put and output bearing units are made of silicon carbide, which has high hardness and thermal con-

ductivity, in the form of a ball pair. The design this bearing unit allows it to work on dry friction, 

i.e. blood does not enter the ball pair [11]. Further in 2001, the FDA approved the first implantable 

VAD using as a bridge to transplantation (bridge therapy), referred to as HeartMate XVE [12]. 

The outcomes turned out to be promising, therefore, the question arose about the applica-

bility of the method in patients who are not suitable for surgical interventions. This hypothesis was 

tested in the prospective multicenter REMATCH study. It compared the results of HeartMate XVE 

implantation with the results of optimal drug treatment in patients who were not considered candi-

dates for heart transplantation [13]. In patients on VAD, the survival rate after 1 year increased by 

50%. Due to such effective indicators, VAD was approved as a form of definitive treatment in 

2003. [14]. Current indications for left ventricular support device (LVAD) implantation as a defini-

tive treatment include patients (1) with NYHA Class 4 heart failure, (2) with optimal drug therapy 

within 6 of the last 9 months, (3) with life expectancy exceeding 2 years, (4) who are not candidates 

for a heart transplant. 

The left ventricular assist device (LVAD) therapy was revolutionary, but restricted by de-

vice failure at 18 months. This was due to the limited functioning life of the bearings, as well as the 

intake and exhaust valves [15]. In this regard, significant changes were required in the design of the 

device. The first human implant of VAD MicroMed DeBakey Noon with continuous blood flow in 

a man was performed in Germany in 1998. [16]. There have been two types of works (first in vitro 

and then in vivo) that demonstrated the preservation of cerebral, renal and visceral perfusion during 

VAD implantation with continuous flow [17, 18]. These test results made it possible to discard pre-

viously existing concerns about the incompatibility of human physiology with the absence of pulsa-

tion. 

Advantages of modern VAD include (1) a short period of hospital stay (1-3 days), (2) lack 

of preventive prescription of antibacterial drugs, (3) a low level of pain intensity in the postopera-

tive period, (4) short period of rehabilitation, (5) no need for bandaging and special therapy after 

surgery since there are no postoperative sutures. 



 

Despite a fairly large list of advantages, improvements to the existing VAD models are al-

ready planned. Further reduction of the pump size (creation of more miniature models), improve-

ment of hemocompatibility and transdermal nutrition seems promising for improving the outcomes 

of surgery and survival after VAD implantation. 
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