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Heart transplant (HTx), the gold standard therapy for 
advance heart failure, has been limited due to shortage of 
donor hearts which led to the development and growth of 
mechanical circulatory support devices such as left ventric-
ular assist device (LVAD) and total artificial heart (TAH) 
[1–4]. This special issue describes several well-crafted man-
uscripts on LVADs and TAH use, their history of develop-
ment, implant techniques, and management.

The LVADs, most used mechanical circulatory support 
(MCS) devices, were initially developed as a bridge to trans-
plant therapy to hemodynamically support patients on wait-
ing list for HTx. As the LVAD technology developed further, 
the pulsatile bulky devices were replaced by the smaller, 
durable, continuous flow devices [Bonde et al. this issue] 
and [5]. The use of LVADs improved the survival amongst 
patients on HTx waiting list [6]. In this “INFO-TORIAL” 
(informative editorial), we describe the impact of LVADs 
as bridge to transplant therapy and its evolution over time 
in the USA with use of United Network for Organ Sharing 
(UNOS) thoracic organ transplant database.

Data

The UNOS database is a publicly available database to aca-
demic researchers and healthcare quality organizations. We 
queried the UNOS thoracic transplant database between the 
years 2000 and 2020 for patients listed for HTx. Patients 
aged less than 18 years and listed for dual organ transplant 
were excluded. We then classified the patients in two major 
categories of LVAD and non-LVAD, which were patients 
with LVAD (both pulsatile and continuous flow) and no 

other MCS device, respectively. Patients supported by TAH, 
extracorporeal membrane oxygenation (ECMO), and other 
temporary devices were separately analyzed. A further sub-
category analysis between pulsatile and continuous flow 
LVADs was also done.

We evaluated patient characteristics at time of listing and 
transplant. We computed Kaplan–Meier survival curves to 
evaluate differences between LVAD and non-LVAD groups 
while on waiting list and post HTx. All the analyses were 
done using SAS 9.4 software (SAS Inc., Cary, NC) at 95% 
confidence level. The data was presented as median (inter-
quartile range) and N (%). Non-parametric statistical tests 
were used. The Wilcoxon rank-sum test was used for con-
tinuous variables and the chi-square test was used for cat-
egorical variables.

Waiting list characteristics and outcomes

Between the years 2000 and 2020, 61,453 adults were listed 
for HTx in the USA of which 42,150 (68%) were trans-
planted. The use of LVAD at time of listing for HTx gradu-
ally increased from 1% in 2000 to 30% in 2018 while the 
6-month waiting list mortality reduced from 11% in 2000 to 
3% in 2020 (Fig. 1).

Of the 61,453 listed patients, 11,666 (19%) had an LVAD 
and 47,286 (77%) were in non-LVAD group and 2501 (4%) 
had other devices. Table  1A describes the differences 
between LVAD and non-LVAD groups at time of listing. 
In the LVAD group, there were more male and diabetes 
patients, while glomerular filtration rate (GFR) and mean 
pulmonary artery (PA) pressures were better (Table 1A). 
The waiting list mortality with use of LVAD was signifi-
cantly lower compared to non-LVAD (6 months 7% vs 12%, 
p < 0.01) group (Fig. 2A). A sub-group analysis within the 
LVAD group showed that continuous flow devices had par-
ticularly lower mortality on waiting list (6% vs 23% vs 12% 
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for continuous flow, pulsatile flow, and non-LVAD, respec-
tively, p < 0.01) (Fig. 2B).

Transplant characteristics and outcomes

Of the 42,150 transplanted patients, 12,770 (30%) had 
LVAD and 26,811 (63%) were in the non-LVAD group 
and 2814 (7%) had other devices. Additional 1104 patients 
received LVAD after being listed for transplant. Table 1B 
describes the patients’ characteristics between the LVAD 
and non-LVAD groups at time of transplant. In the LVAD 
group, there were more male and diabetes patients while 
GFR and mean PA pressures were better. The 1- and 5-year 
post-transplant survival in the LVAD group was 90% and 
77% respectively and in the non-LVAD group was 90% 
and 77% respectively which were not statistically different 
(p = 0.29, Fig. 3A). The survival stratified by the type of 
LVAD showed that patients with use of pulsatile flow had a 

survival disadvantage over continuous flow and non-LVAD 
patients at 1 year (85% vs 90% vs 90%, pulsatile flow ven-
tricular assist device (PFVAD), continuous flow ventricular 
assist device (CFVAD), non-LVAD, respectively, p = 0.002, 
Fig. 3B).

A sub-analysis of ECMO patients showed that use of 
ECMO as bridge to transplant was associated with higher 
post-transplant mortality (Fig. 4A). The use TAH, right ven-
tricular assist device (RVAD), and biventricular assist device 
(BiVAD) was associated with poor post-transplant survival 
compared to LVAD and non-LVAD groups (Fig. 4B).

Discussion

Although the number of transplants performed have grown 
significantly, the donor organ shortage continues to remain 
the most significant challenge. The use of LVADs as a 
bridge to transplant therapy has significantly improved the 

Fig. 1   Overall patients listed 
(secondary axis), patients listed 
with LVAD (%, primary axis), 
and 6-month wait list mortality 
(%, primary axis). Abbrevia-
tions: LVAD, left ventricular 
assist device; BMI, body 
mass index; eGFR, estimated 
glomerular filtration rate; MCS, 
mechanical circulatory support

Table 1   Recipient characteristics at time of initial listing (A) and transplant (B)

Variables A. Listing variables B. Transplant variables

Non-LVAD, n = 47,286 LVAD, n = 11,666 p-value Non-LVAD, n = 26,811 LVAD, n = 12,770 p-value

Age 55 (45–62) 55 (45–62) 0.07 56 (46–63) 56 (46–63) 0.48
Gender 73% 79%  < .01 71% 81%  < .01
BMI 27 (23–31) 29 (25–32)  < .01 26 (23–30) 28 (25–32)  < .01
eGFR 62 (48–78) 67 (52–85)  < .01 62 (47–78) 65 (51–82)  < .01
Mean PA pressure 29 (22–36) 25 (18–33)  < .01 28 (21–35) 24 (18–32)  < .01
Etiology
Dilated cardiomyopathy 43% 49%  < .01 42% 51%  < .01
Ischemic cardiomyopathy 53% 50% 54% 48%
Congenital heart defect 3% 0.50% 4% 1.00%
Other 1% 0.50% 0% 0.00%
Diabetes 26% 31%  < .01 24% 30%  < .01
On ventilation 2% 4%  < .01 2% 1%  < .01
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wait list survival of patients and may have allowed more 
suitable donor organs to be transplanted in otherwise sta-
ble patients [6]. The better durability and improved waiting 
list outcomes with evolution of continuous flow LVADs 
have increased their use [7]. We have also observed that 
the LVAD patients had better kidney function and lower 
PA pressures compared to non-LVAD patients, which 
shows not only survival advantage on waiting list but also 

improved end-organ function and hemodynamic stability 
[8–10]. An important limitation to LVAD use has been 
the presence of congenital heart defects (both corrected 
and non-corrected) [11]. Use of TAH and BiVADs is still 
evolving and patients requiring biventricular support have 
not shown improved outcomes as described in this article, 
primarily due to their higher risk profile.

Fig. 2   A Wait list survival between the LVAD and non-LVAD group 
(p < .01, data censored at 1  year). B Wait list survival between the 
continuous flow (CFVAD), pulsatile flow (PFVAD), and non-LVAD 
groups (p < .01, data censored at 1  year). Abbreviations: LVAD, 

left ventricular assist device; CFVAD, continuous flow ventricular 
assist device; PFVAD, pulsatile flow ventricular assist device; BMI, 
body mass index; eGFR, estimated glomerular filtration rate; MCS, 
mechanical circulatory support

Fig. 3   A Post-transplant survival between the LVAD and non-LVAD 
groups (p = 0.29). B Post-transplant survival between the continu-
ous flow LVAD (CFVAD), pulsatile flow LVAD (PFVAD), and non-
LVAD groups (p = 0.002). Abbreviations: LVAD, left ventricular 
assist device; CFVAD, continuous flow ventricular assist device; 

PFVAD, pulsatile flow ventricular assist device; VAD_TXT, ven-
tricular assist device at time of transplant; LVAD_TXT, left ventricu-
lar assist device at time of transplant; BMI, body mass index; eGFR, 
estimated glomerular filtration rate; MCS, mechanical circulatory 
support
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The high cost of the device and associated care may 
reduce their use as bridge to transplant strategy in India 
where healthcare insurance and payor market is still evolving 
[12, 13]. An organized, collective, and data-driven approach 
from the institutions involved in heart transplantation and 
LVAD implantation may help design and implement a pol-
icy for affordable LVAD implantation and effective ways 
to cover its cost either under a government-sponsored pro-
gram or private sector [14]. A central data system such as 
Interagency Registry for Mechanically Assisted Circulatory 
Support (INTERMACS) database may also help in clinical 
quality assessment, outcomes improvement, policy making, 
and collaborative research [14].

Conclusion

In summary, the use of continuous LVADs is associated with 
significant improvement in survival while waiting for HTx. 
LVAD therapy has several aspects from candidate selec-
tion to implantation technique to postoperative manage-
ment which have been thoroughly described in this special 
issue of the journal in various articles. With an organized 
and collective approach, the high cost of LVADs could be 
mitigated to provide the best treatment options for advanced 
heart failure patients.
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