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  ABSTRACT
The prevalence of heart failure continues to increase in the United States, and the number of patients supported with mechanical 

circulatory support devices parallels this trend. Left ventricular assist devices (LVADs) have evolved signifi cantly over the past 70 years, 
temporizing patients to recovery, durable devices, transplantation, or serving as destination therapy. In this review, we briefl y summarize 
the evolution, outcomes, and operative considerations for contemporary durable devices, and we provide an overview of short-term assist 
devices (Impella, TandemHeart).

INTRODUCTION
Approximately 6.2 million Americans are affl  icted with heart 

failure (HF), and this number is expected to rise to > 8 million by the 
end of the decade [1]. In refractory HF, temporary and durable left  
ventricular assist devices (LVADs) can bridge patients to recovery, 
decision, transplantation, or destination therapy. According to the 
Interagency Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) database, there were > 25,000 patients who received 
mechanical devices between 2006 and 2017, with the majority (> 
18,000) receiving isolated continuous fl ow LVADs [2]. Th us, LVADs 
represent a central component in the management of patients with 
advanced heart failure. In this review, we summarize the evolution, 
outcomes, and operative considerations for contemporary durable 
LVADs. We also provide a brief overview of temporary LVADs.

DURABLE DEVICES
Although development of LVAD technology started in the 1960s, 

the clinical application of FDA-approved devices did not commence 
until the 1990s [3]. Th e early iterations of the device, which relied 
on pulsatile technology, demonstrated superior survival compared 
with optimal medical management, but the 2-year survival rates 
were still < 25% [4]. Th ese pulsatile LVADs were soon superseded by 
continuous fl ow LVADs. Th e HeartMate II (Abbott), which utilized 
an axial-fl ow pump, was introduced in 2007 and demonstrated 
superior outcomes compared with the pulsatile HeartMate XVE 
(Th oratec): 2-year survival of 58% versus 24%, respectively [5]. Th e 
complications (e.g., stroke, bleeding, infections) associated with the 
HeartMate II, however, remained a challenge. Th e HeartMate HVAD 
(Medtronic) was introduced as a smaller, intrapericardially placed, 
centrifugal-fl ow device that eliminated mechanical bearings [6]. In 
the ENDURANCE trial, the HVAD was non-inferior with respect to 
survival but had higher rates of stroke compared to the HeartMate 
II [7]. Given the persistent complications of thrombosis, stroke, and 
hemorrhage, a fully magnetically levitated centrifugal-fl ow device 
was developed: HeartMate 3 (Abbott). In the MOMENTUM 3 trial, 
therapy with HeartMate 3 was superior with respect to survival free 
of disabling stroke and need for replacement or removal of a failed 
device, compared with HeartMate II (survival of 77% versus 65%, 
respectively) [8]. Th e 2-year survival outcomes with HeartMate 3 
are particularly impressive, as they approximate the 2-year survival 
following heart transplantation (82%) [9]. When continuous fl ow 
devices are implanted as a bridge-to-transplantation strategy, 
mortality rates appear to be increased, compared with medical 
management [10]. Early mortality at 1 year is 9.5% with mechanically 
bridged patients and 7.2% with medically managed patients. 
Cardiovascular-related mortality and primary graft  dysfunction are 
the major drivers of this increased early mortality. Mechanistically, 
the vascular morbidity associated with nonpulsatile circulation may 
play a role [11]. Overall, these fi ndings highlight the need for careful 
selection of patients for durable support.

Th e surgical implantation of HeartMate 3 includes traditional 
sternotomy approaches, as well as minimally invasive approaches 
via a left  mini-thoracotomy and an upper hemi-sternotomy or 
bilateral thoracotomies [12-14]. Furthermore, the implantation 
can be performed off -pump, minimizing the risks associated with 
cardiopulmonary bypass. Th e general steps include creation of the 
driveline tunnel, placement of the sewing ring/apical cuff , coring 
the myocardium, insertion of the infl ow cannula within the apical 
opening, and aortic anastomosis of the outfl ow graft . Excellent 
surgical outcomes have been reported with both traditional and 
minimally invasive approaches. Under more urgent circumstances, 
however, short-term LVADs can be placed for temporary support.

SHORT-TERM DEVICES
In the setting of life-threating acute decompensated HF, 

temporary mechanical circulatory support can be employed as a 
bridge to recovery, a durable device, or transplantation. Th e Impella 
platform (Abiomed), which includes Impella 2.5, Impella CP, Impella 
5.0, and Impella 5.5, has emerged as a promising short-term support 
strategy [15]. Th e devices contain a catheter-based microaxial pump, 
which can be implanted via femoral or axillary artery cannulation and 
deliver fl ows up to 5.5 L/min. 

Outcomes data for Impella are thus far limited to observational 
studies and small randomized trials. In the ISAR-SHOCK trial (n = 
26), Impella 2.5 was associated with a higher cardiac index aft er 30 
minutes of initiation of support, compared with intra-aortic balloon 
pump (IABP) therapy. Th is benefi t appeared transient, however, and 
there were no diff erences in inotropic requirement at 24 hours but 
increased rates of hemolysis in the Impella group. Th ere were no 
diff erences in 30-day mortality (46%) [16]. Similarly, in the IMPRESS 
trial (n = 48), Impella CP was not associated with a survival benefi t 
when compared with IABP (30-day mortality with IABP and Impella 
CP: 50% and 46%, respectively) [17]. Among patients undergoing 
percutaneous coronary intervention in a large-scale cohort (n = 
4,782), approximately 10% received Impella, which was associated 
with higher mortality (OR 1.24, 95% CI: 1.13 to 1.36), bleeding (OR 
1.10, 95% CI: 1.00 to 1.21), and stroke (OR 1.34, 95% CI: 1.18 to 1.53). 
Notably, this study did not specify the type of Impella device used 
(e.g., Impella 2.5, Impella 5.0, or Impella CP) [18]. Similarly, when 
compared with a matched cohort from the IABP-SHOCK II trial, the 
use of Impella was associated with increased rates of bleeding and 
peripheral vascular complications but no survival benefi t [19]. Th is 
study, however, only focused on Impella 2.5 and Impella CP devices. 
In contrast, the Impella 5.0 has been associated with survival rates of 
94% at 30 days, 81% at 6 months, and 75% at 1 year [20]. Th erefore, 
Impella 5.0 and Impella 5.5 may be associated with better outcomes, 
but further prospective studies are needed to better defi ne the role 
of these devices. Of note, Impella 5.0 has been described as a bridge-
to-recovery, bridge-to-device, and bridge-to-transplantation therapy, 
with 30-day survival rates of 50%, 65%, and 83%, respectively [15]. 
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Similar to Impella, the TandemHeart (LivaNova) provides short-
term support and can be deployed rapidly, utilizing a percutaneous 
approach. Th e TandemHeart employs a left  atrial-to-femoral bypass, 
using trans-septal cannulation of the left  atrium for infl ow and femoral 
artery cannulation for outfl ow. Th e circuit is driven by a centrifugal, 
extracorporeal pump, which is capable of delivering fl ows up to 4 L/
min. Support with TandemHeart has been associated with 30-day and 
6-month mortality of 20%-40% and 45%-47%, respectively [21,22]. 
Along with intra aortic balloon pumps and extracorporeal membrane 
oxygenation, both the Impella and TandemHeart devices off er 
suitable options for hemodynamic support. Moreover, temporary 
MCS is an acceptable option in bridging patients to transplantation. 
Indeed, recent studies have shown similar post-transplant outcomes 
compared with medical management and durable device support, 
which supports recent changes in the United Network Organ Sharing 
allocation policy [23].

Th e fi eld of mechanical circulatory support is evolving rapidly. As 
the technology continues to improve, the devices will become safer, 
more durable and portable. Although this review focused largely on 
patients with left -sided heart failure, concurrent right-sided heart 
failure oft en coexists in these patients. Although biventricular devices 
(total artifi cial heart and tandem devices) are acceptable options, 
the associated morbidity and mortality remains high. Th us, further 
research is needed to advance our understanding of device-related 
complications, to refi ne patient selection, and to safely and eff ectively 
support patients with biventricular failure.

REFERENCES
1. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, 

et al. Heart Disease and Stroke Statistics-2019 Update: A Report from the 
American Heart Association. Circulation. 2019; 139: e56-e528. DOI: 10.1161/
CIR.0000000000000659

2. Kormos RL, Cowger J, Pagani FD, Teuteberg JJ, Goldstein DJ, Jacobs JP, 
et al. The Society of Thoracic Surgeons Intermacs Database Annual Report: 
Evolving Indications, Outcomes, And Scientifi c Partnerships. Ann Thorac 
Surg. 2019; 107: 341-353. DOI: 10.1016/j.athoracsur.2018.11.011.

3. Stewart GC, Givertz MM. Mechanical Circulatory Support for Advanced Heart 
Failure: Patients and Technology in evolution. Circulation. 2012; 125: 1304-
1315. DOI: 10.1161/CIRCULATIONAHA.111.060830

4. EA Rose, AC Gelijns, AJ Moskowitz, DF Heitjan, LW Stevenson, W Dembitsky, 
et al. Long-Term use of A Left Ventricular Assist Device for End-Stage Heart 
Failure. N Engl J Med. 2001; 345: 1435-1443. DOI: 10.1056/NEJMoa012175

5. Slaughter MS, Rogers JG, Milano CA, Russell SD, Conte JV, David Feldman, 
et al. Advanced Heart Failure Treated With Continuous-Flow Left Ventricular 
Assist Device. N Engl J Med. 2009; 361: 2241-2251. DOI: 10.1056/
NEJMoa0909938

6. Aaronson KD, Slaughter MS, Miller LW, McGee EC, Cotts WG, Acker MA, et 
al. Use of an Intrapericardial, Continuous-Flow, Centrifugal Pump In Patients 
Awaiting Heart Transplantation. Circulation. 2012; 125: 3191-3200. DOI: 
10.1161/circulationaha.111.058412

7. Rogers JG, Pagani FD, Tatooles AJ, Bhat G, Slaughter MS, Birks EJ, et al. 
Intrapericardial Left Ventricular Assist Device for Advanced Heart Failure. N 
Engl J Med. 2017; 376: 451-460. DOI: 10.1056/NEJMoa1602954

8. Mehra MR, Uriel N, Naka Y, Cleveland JC, Yuzefpolskaya M, Salerno CT, et al. 
A Fully Magnetically Levitated Left Ventricular Assist Device - Final Report. N 
Engl J Med. 2019; 380: 1618-1627. DOI: 10.1056/NEJMoa1900486

9. Sidhu K, Lam PH, Mehra MR, Givens R, Restaino SW, Latif F, et al. Evolving 

Trends in Mechanical Circulatory Support: Clinical Development of a Fully 
Magnetically Levitated Durable Ventricular Assist Device. Trends Cardiovasc 
Med. 2020; 30: 223-229. DOI: 10.1016/j.tcm.2019.05.013

10. Truby LK, Farr MA, Garan AR. Impact of Bridge to Transplantation With 
Continuous-Flow Left Ventricular Assist Devices On Posttransplantation 
Mortality. Circulation. 2019; 140: 459-469. DOI: 10.1161/
CIRCULATIONAHA.118.036932.

11. Purohit SN, Cornwell WK 3rd, Pal JD, Lindenfeld J, Ambardekar AV. Living 
without a Pulse: The Vascular Implications of Continuous-Flow Left 
Ventricular Assist Devices. Circ Heart Fail. 2018; 11: e004670. DOI: 10.1161/
CIRCHEARTFAILURE.117.004670

12. Netuka I. Heart Mate 3 Left Ventricular Assist System Implantation Technique: 
The Devil is in the Detail. Interact Cardiovasc Thorac Surg. 2018; 27: 946-949. 
DOI: 10.1093/icvts/ivy264

13. Saeed D, Sixt S, Albert A, Lichtenberg A. Minimally Invasive Off-Pump 
Implantation of Heart mate 3 Left Ventricular Assist Device. J Thorac 
Cardiovasc Surg. 2016; 152: 1446-1447. DOI: https://doi.org/10.1016/j.
jtcvs.2016.06.062

14. Potapov EV, Kukucka M, Falk V, Krabatsch T. Off-Pump Implantation of the 
Heartmate 3 Left Ventricular Assist Device Through a Bilateral Thoracotomy 
Approach. J Thorac Cardiovasc Surg. 2017; 153: 104-105. DOI: org/10.1016/j.
jtcvs.2016.09.028

15. Chung JS, Emerson D, Ramzy D, Akhmerov A, Megna D, Esmailian F, et al. A 
New Paradigm in Mechanical Circulatory Support: 100-Patient Experience. Ann 
Thorac Surg. 2020; 109: 1370-1377. DOI: 10.1016/j.athoracsur.2019.08.041

16. Seyfarth M, Sibbing D, Bauer I, Fröhlich F, Bott-Flügel L, Byrne R, et al. 
A Randomized Clinical Trial To Evaluate The Safety And Effi  cacy Of A 
Percutaneous Left Ventricular Assist Device Versus Intra-Aortic Balloon 
Pumping For Treatment Of Cardiogenic Shock Caused By Myocardial 
Infarction. J Am Coll Cardiol. 2008; 52: 1584-1588. DOI: 10.1016/j.
jacc.2008.05.065.

17. Ouweneel DM, Eriksen E, Sjauw KD, Dongen IM, Hirsch A, Packer EJS, et al. 
Percutaneous Mechanical Circulatory Support Versus Intra-Aortic Balloon 
Pump in Cardiogenic Shock after Acute Myocardial Infarction. J Am Coll 
Cardiol. 2017; 69: 278-287. DOI: 10.1016/j.jacc.2016.10.022

18. Amin AP, Spertus JA, Desai JP, Masoudi FA, Bach RG, McNeely C, et 
al. The Evolving Landscape of Impella Use in the United States among 
Patients Undergoing Percutaneous Coronary Intervention with Mechanical 
Circulatory Support. Circulation. 2020; 141: 273-284. DOI: 10.1161/
CIRCULATIONAHA.119.044007

19. Schrage B, Ibrahim K, Loehn T, Werner N, Sinning JM, Pappalardo F, 
et al. Impella Support for Acute Myocardial Infarction Complicated by 
Cardiogenic Shock. Circulation. 2019; 139: 1249-1258. DOI: 10.1161/
CIRCULATIONAHA.118.036614

20. Griffi  th BP, Anderson MB, Samuels LE, Pae WE, Naka Y, Frazier OH, et 
al. The Recover I: A Multicenter Prospective Study of Impella 5.0/Ld For 
Postcardiotomy Circulatory Support. J Thorac Cardiovasc Surg. 2013; 145: 
548-554. DOI: 10.1016/j.jtcvs.2012.01.067

21. Kar B, Gregoric ID, Basra SS, Idelchik GM, Loyalka P. The Percutaneous 
Ventricular Assist Device in Severe Refractory Cardiogenic Shock. J Am Coll 
Cardiol. 2011; 57: 688-696. DOI: 10.1016/j.jacc.2010.08.613

22. Deshpande A, Kar B, Paniagua D, Alam M, Deswal A, Jneid H. Tandem 
Heart – Percutaneuous Left Ventricular Assist Device Treatment For Severe 
Refractory Cardiogenic Shock: The Debakey Va Experience. Journal of the 
American College of Cardiology. 2014; 63: A1854. DOI: 10.1016/S0735-
1097(14)61857-X

23. Reich H, Ramzy D, Moriguchi J, Dimbil S, Levine R, Passano E, et al. Acceptable 
Post-Heart Transplant Outcomes Support Temporary Mcs Prioritization In 
The New OPTN|UNOS Heart Allocation Policy. Transplant Proc. 2020. DOI: 
10.1016/j.transproceed.2020.04.1819.


