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Background: Due to the lack of donor hearts, many studies have assessed the prognosis of heart failure (HF)
patients treated with a continuous-flow left ventricular assist device (CF-LVAD). However, previous results
have not been consistent and minimal data is available regarding long-term outcomes. There is no consensus
on whether CF-LVAD as a bridge or destination therapy (DT) can equal orthotopic heart transplantation
(HTx). The purpose of our study is to compare clinical outcomes between CF-LVAD and HTx in adults.
Methods: We searched controlled trials from PubMed, Cochrane Library, and Embase databases until July
1, 2020. The mortality at different time points and adverse events were analyzed among 12 included studies.
Results: No significant differences were found in mortality at one-year [odds ratio (OR) =1.08; 95%
CI: 0.97–1.21], two-year (OR =1.01; 95% CI: 0.91–1.12), three-year (OR =1.02; 95% CI: 0.69–1.51), and
five-year (OR =1.02; 95% CI: 0.93–1.11), as well as the comparison of stroke, bleeding, and infection
between CF-LVAD as a bridge versus HTx. The pooled analysis of one-year mortality (OR =2.76; 95%
CI: 0.38–20.18) and two-year mortality (OR =1.64; 95% CI: 0.22–12.23) revealed no significant difference
between CF-LVAD DT and HTx. Comparisons of adverse events showed no differences in bleeding or
infection, but a higher risk of stroke (OR =5.09; 95% CI: 1.74–14.84) for patients treated with CF-LVAD
DT than with HTx.
Conclusions: CF-LVAD as a bridge results in similar outcomes as HTx within five years. CF-LVAD
as a DT is associated with similar one-year and two-year mortality, but carries a higher risk of stroke, as
compared with HTx.
Keywords: Heart failure (HF); continuous-flow left ventricular assist device (CF-LVAD); heart transplantation
(HTx); bridge to transplantation (BTT); destination therapy (DT)
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Introduction
Heart failure (HF), as a leading global disease, is an
advanced clinical stage of cardiovascular disease with severe
cardiac dysfunction. It is estimated that over 37.7 million
people worldwide suffer from HF, the incidence and
mortality of which continue to increase (1). Although
orthotopic heart transplantation (HTx) is indeed an
effective treatment, it cannot satisfy the demands of patients
due to the paucity of and prolonged waiting time for donor
hearts (2).
The left ventricular assist device (LVAD), including
pulsatile-flow LVAD and continuous-flow left ventricular
assist device (CF-LVAD), has been widely used because
it significantly reduces mortality and improves quality of
life, as compared to medical therapy alone (3,4). Pulsatileflow LVADs mainly refer to first-generation LVADs, such
as Heartmate XVE and Novacor (5). With the gradual
advancement of equipment, CF-LVADs have since become
the main LVADs, due to their miniaturization and improved
durability, including those of second- and third-generation
devices. Second-generation LVADs, like Heartmate II,
pump blood through axial-flow technology (6), while thirdgeneration LVADs apply a centrifugal-flow pattern with
magnetically levitated forces, including Heartmate III and
Heartware HVAD (7,8). However, there is no clear and
consistent understanding of the longer therapeutic effects
of CF-LVAD and HTx (2,9). We conducted a systematic
review and meta-analysis to compare the clinical outcomes
of HTx and CF-LVAD as a bridge to transplantation (BTT)
or destination therapy (DT). According to our analytic
results, we discuss the future direction of HF treatment.
Methods
Search strategy and selection criteria
The systematic review and meta-analysis of observational
studies was performed in accordance with the Meta-analysis
of Observational Studies in Epidemiology (MOOSE)
guidelines (10). We searched controlled trials from PubMed,
Cochrane Library, and Embase databases until July 1, 2020.
The language was limited to English. The specific searching
strategy was as follows: (“heart failure” OR “cardiac failure”
OR “heart decompensation” OR “decompensation, heart”
OR “myocardial failure”) AND (“heart-assist devices”
OR “heart assist device” OR “artificial heart” OR “device,
heart-assist” OR “devices, heart-assist” OR “heart assist
devices” OR “heart-assist device” OR “pumps, heart-assist”
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OR “heart-assist pump” OR “heart-assist pumps” OR
“pump, heart-assist” OR “pumps, heart assist” OR “artificial
ventricle” OR “artificial ventricles” OR “ventricle, artificial”
OR “ventricles, artificial” OR “ventricle-assist device” OR
“device, ventricle-assist” OR “devices, ventricle-assist OR
“ventricle assist device” OR “ventricle-assist devices” OR
“ventricular assist device” OR “assist device, ventricular”
OR “assist devices, ventricular” OR “device, ventricular
assist” OR “devices, ventricular assist” OR “ventricular
assist devices” OR “heart ventricle, artificial” OR “artificial
heart ventricle” OR “artificial heart ventricles” OR
“heart ventricles, artificial” OR “ventricle, artificial heart”
OR “ventricles, artificial heart” OR “LVAD” OR “left
ventricular assist device” OR “VAD” OR “mechanical
circulatory support” OR “mechanical circulatory support
device” OR “mechanical circulatory support devices”)
AND (“heart transplantation” OR “heart transplant” OR
“cardiac transplant” OR “grafting, heart” OR “graftings,
heart” OR “heart grafting” OR “heart graftings” OR
“transplantation, heart” OR “heart transplantations” OR
“transplantations, heart” OR “cardiac transplantation” OR
“cardiac transplantations” OR “transplantations, cardiac”
OR “transplantation, cardiac).
The trials were based on the following inclusion criteria:
(I) cohort and controlled trials comparing orthotopic HTx
with CF-LVAD as a BTT or DT; (II) trials respectively
reported mortality or survival data of different groups; (III)
whether CF-LVAD was used as a BTT or DT was clearly
stated; (IV) only the study with more patients should be
included if two or more studies from the same institution
have reported duplicate outcomes. The exclusion criteria
were: (I) the study population was mainly composed of
infants or children; (II) study did not perform a headto-head comparison; (III) research focused mainly on
pulsatile-flow LVADs or total artificial heart; (IV) lowquality abstracts or articles without impact factors. Two
authors (B.Z. and S.G.) scrutinized all examined articles
independently and disagreements were resolved by
discussing with an external third author (Z.L.).
Quality assessment and data extraction
The following data was collected: first author, year of
publication, country, study design, study period, baseline
characteristics (gender, etiology, the sample size of each
group), the type of LVAD, and follow-up period. We
extracted the original data of the follow-up period from
Kaplan-Meier survival curves, if they could not be obtained
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Table 1 Study characteristics
First author

Year

Country

Study design

Ammirati (11)

2016

Italy

Daneshmand (12)

2015

Deo (13)

Study period

Device

Follow-up (years)

Prospective cohort 2006–2012

Micromed DeBakey LVAD;
Berlin Heart Incor; Heartmate
II; Heartware HVAD

1y

USA

Case control

2005–2012

Heartmate II

2y

2014

USA

Case control

2007–2012

CF-LVAD

Median 2.4 y (1.2–3.4 y)

Droogne (14)

2014

USA

Case control

2009–2010

Heartmate II

1y

Gaffey (15)

2015

USA

Case control

2008–2013

Heartmate II; Heartware HVAD at least 0.5 y

Gernhofer (16)

2019

USA

Case control

2010–2017

CF-LVAD

CF-LVAD BTT median 2 y
(1–2.3 y); CF-LVAD DT
median 1.2 y (0.5–2 y); HTx
median 1.8 y (1–3.9 y)

Mishra (17)

2017

Norway

Case control

2005–2012

Ventracor; Heartware HVAD

1–7 y

Schumer (18)

2015

USA

Case control

2005–2013

Heartmate II; Heartware HVAD 3 y

Sorabella (19)

2015

USA

Case control

2005–2012

Heartmate II; Heartware
CF-LVAD BTT 2.5±2.0 y;
HVAD; DuraHeart; Ventrassist; CF-LVAD DT 1.8±1.2 y; HTx
DeBakey LVAD
4.2±2.7 y

Suarez-Pierre (20) 2019

USA

Prospective cohort 2007–2017

CF-LVAD

3.68±2.91 y

Williams (21)

2011

USA

Prospective cohort 2009–2009

CF-LVAD

1y

Yoshioka (22)

2017

USA

Case control

Heartmate II; Heartware HVAD Median 2.99 y (1.01-4.99 y)

2009–2015

CF-LVAD, continuous-flow left ventricular assist device; BTT, bridge to transplantation; HTx, heart transplantation.

from the original article. According to the survival rate or
mortality, we calculated the number of deaths at different
time points in each group. Table 1 and Table 2 detail the
specific data of each study. The quality of the included
literature was assessed according to the Newcastle-Ottawa
Scale (NOS). This scale was divided into three parts:
selection (4 points), comparability (2 points), and outcome
(3 points), including 7–9 points for low risk, 4–6 points
for medium risk, and 0–3 points for high risk. The details
of the NOS quality assessment are shown in Table S1.
Two researchers (B.Z. and S.G.) separately performed a
quality assessment and data extraction. Any conflicts were
resolved by consensus and further discussion with a third
reviewer (Z.L.).
Data analysis
We set various time points to evaluate mortality more
accurately. One-year, two-year, three-year, and five-year
mortality rates were analyzed in the comparison of CFLVAD BTT versus HTx, while one-year and two-year

mortality were analyzed in the comparison of CF-LVAD
DT versus HTx. The primary outcomes were mortality
at different time points. In addition, the adverse events
of CF-LVAD versus HTx were also analyzed, including
stroke, bleeding, and infection. BTT included patients
undergoing a CF-LVAD to preserve life, who would
otherwise be at high risk of death before transplantation
unless a donor organ were to become available. DT was
defined as using a CF-LVAD as an alternative to HTx in
patients ineligible for transplantation or on the waiting
list for a donor heart over an extensive time period.
Stroke included post-operative ischemic and hemorrhagic
cerebrovascular accidents. Bleeding was defined as perioperative hemorrhage requiring re-operation. Infection was
defined as deep sternal infection or sepsis. The data results
of dichotomous variables are present as pooled odds ratios
(OR) with 95% confidence intervals (CI). We used the I2
test to assess the heterogeneity among the studies. The
heterogeneity was considered significant if I2 was >50%. A
fixed-effects model was used if no significant heterogeneity
was detected; otherwise, a random-effects model was used
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Table 2 Patients characteristics
Trial

Male (%)

N (CF-LVAD BTT)

N (CF-LVAD DT)

N(HTx)

Etiology

Ammirati 2016 (11)

73.2

22

–

164

NA

Daneshmand 2015 (12)

75

–

146

62

Ischemic heart disease, other

Deo 2014 (13)

69.8

37

–

69

Ischemic heart disease, other

Droogne 2014 (14)

86.8

13

6

19

NA

Gaffey 2015 (15)

71.8

72

–

116

Idiopathic cardiomyopathy, ischemic heart
disease, congestive heart failure, other

Gernhofer 2019 (16)

89.5

29

41

25

Ischemic heart disease, non-ischemic heart
disease

Mishra 2017 (17)

74.1

26

19

206

DCM, ischemic heart disease, other

Schumer 2015 (18)

73.9

2,561

–

4,737

CHD, DCM, HCM, RCM, valvular disease,
coronary artery disease

Sorabella 2015 (19)

91.2

–

23

47

DCM, RCM, valvular disease, ischemic heart
disease, other

Suarez-Pierre 2019 (20)

73.7

5,584

–

12,295

DCM, RCM, CHD, ischemic heart disease, other

Williams 2011 (21)

90.5

29

–

13

NA

Yoshioka 2017 (22)

72.6

130

–

246

DCM, ICM, HCM, RCM, CHD, valvular disease,
other

DCM, dilated cardiomyopathy; ICM, ischemic cardiomyopathy; CHD, congenital heart disease; RCM, restrictive cardiomyopathy; HCM,
hypertrophic cardiomyopathy; NA, not available; N, number of patients.

to pool the data. We evaluated publication bias with Egger’s
test for primary outcomes. An absence of publication bias
was considered when the P value was >0.05. We conducted
subgroup analyses, sensitivity analysis, and meta-regression
to evaluate the influence of individual studies and potential
sources of heterogeneity. We performed statistical analysis
with Review Manager 5.3 and Stata 16.
Results
Included studies
In total, 16,988 publications were identified from the three
databases, twelve of which (11-22) met the inclusion criteria
(details shown in Figure 1). Four studies (14,16,17,19)
simultaneously reported data on BTT versus HTx and DT
versus HTx, while seven trials (11,13,15,18,20-22) only
showed the results of BTT versus HTx, and one study (12)
performed the comparison of DT versus HTx alone.
Yoshioka et al. (22) and Sorabella et al. (19) are from the
same institution and have both reported on data of CF-
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LVAD BTT versus HTx. Therefore, 10 of the eligible
studies (11,13-18,20-22) were included in the comparison
of CF-LVAD BTT versus HTx, and five of them
(12,14,16,17,19) reported on the results of CF-LVAD DT
versus HTx. A total of 26,737 patients (8,503 underwent
CF-LVAD as a BTT, 235 underwent CF-LVAD as a DT,
17,999 underwent HTx) were included in our research for
quantitative analysis of post-operative adverse events and
mortality at different time points. No publication bias for
primary outcomes was presented, according to Egger’s test
(Figure S1).
The mortality of CF-LVAD BTT versus HTx
There was no significant difference in the one-year (OR
=1.08; 95% CI: 0.97–1.21; P=0.15; I 2 =0; Figure 2A),
two-year (OR =1.01; 95% CI: 0.91–1.12; P=0.87; I 2=0;
Figure 2B), three-year (OR =1.02; 95% CI: 0.69–1.51;
P=0.93; I2=26%; Figure 2C), and five-year (OR =1.02; 95%
CI: 0.93–1.11; P=0.75; I2=0; Figure 2D) mortality between
CF-LVAD BTT and HTx.
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9,838 records identified
through Embase

181 records identified
through Cochrane Library

13,593 records after
duplicates removed

13,518 records excluded
4,051 reviews/cases/comments/editorials
919 pediatric studies
8,548 irrelevant studies

75 full-text articles
assessed for eligibility

63 full-text articles excluded
9 using pulsatile-flow devices
40 low quality articles or abstracts
13 lack of outcomes
1 has duplicate data with another article

12 studies included in
current meta-analysis

Figure 1 Flow chart of the study selection process.

Adverse events of CF-LVAD BTT versus HTx
No significant differences were found in stroke (OR =4.63;
95% CI: 0.72–29.86; P=0.11; I2=0; Figure 3A), bleeding
(OR =1.65; 95% CI: 0.79–3.46; P=0.19; I2=0; Figure 3B),
and infection (OR =1.74; 95% CI: 0.86–3.52; P=0.12; I2=0;
Figure 3C) in the comparison of CF-LVAD BTT versus
HTx.
The mortality of CF-LVAD DT versus HTx
The pooled analysis of one-year mortality (OR =2.76; 95%
CI: 0.38–20.18; P=0.32; I2=81%; Figure 4A) and two-year
mortality (OR =1.64; 95% CI: 0.22–12.23; P=0.63; I2=89%;
Figure 4B) showed no significant difference between CFLVAD DT and HTx. According to the country, subgroup
analysis was performed due to high heterogeneity in oneyear mortality. In the USA group, there was no significant
difference in one-year mortality (OR =1.04; 95% CI:
0.32–3.32; P=0.95; I2=0; Figure 4A). Regarding two-year
mortality, sensitivity analysis and meta-regression did not

identify any determinants that were able to explain the
heterogeneity (Figure S2).
Adverse events of CF-LVAD DT versus HTx
The incidence of stroke (OR =5.09; 95% CI: 1.74-14.84;
P=0.003; I2=0; Figure 5A) was higher for CF-LVAD DT
than for HTx. There was no significant difference in
bleeding (OR =0.81; 95% CI: 0.28–2.38; P=0.70; I2=35%;
Figure 5B) or infection rates (OR =0.69; 95% CI: 0.34–1.43;
P=0.32; I2=0; Figure 5C) in the comparison of CF-LVAD
DT versus HTx.
Discussion
To our knowledge, this study is the first meta-analysis to
compare clinical outcomes between CF-LVAD and HTx
for the treatment of patients with HF. CF-LVADs have
become the main application in use, so the pulsatile-flow
pumps were excluded, which was not considered in previous
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A

B

C

D

Figure 2 Forest plots for the mortality between CF-LVAD BTT vs. HTx. (A) One-year mortality, (B) two-year mortality, (C) three-year
mortality, and (D) five-year mortality. CF-LVAD, continuous-flow left ventricular assist device; BTT, bridge to transplantation; HTx, heart
transplantation; OR, odds ratio; CI, confidence interval.

© Annals of Cardiothoracic Surgery. All rights reserved.

Ann Cardiothorac Surg 2021;10(2):209-220 | http://dx.doi.org/10.21037/acs-2020-cfmcs-fs-197

Annals of cardiothoracic surgery, Vol 10, No 2 March 2021

215

A

B

C

Figure 3 Forest plots for the adverse events between CF-LVAD BTT vs. HTx. (A) Stroke, (B) bleeding, and (C) infection. CF-LVAD,
continuous-flow left ventricular assist device; BTT, bridge to transplantation; HTx, heart transplantation; OR, odds ratio; CI, confidence
interval.

meta-analyses. Additionally, all the included studies were
from institutions that could perform both CF-LVAD
implantation and HTx in order to avoid the influence of
external interests. The opinions of the included studies were
discrepant, so the factors that affect HF patients' prognosis
were discussed from various perspectives.
No significant differences were found in both mortality
at different time points and adverse events between HTx
and CF-LVAD BTT. However, previous reported mortality
or survival rates differ among current studies (11,15,23,24),
in the comparison of HTx and CF-LVAD BTT. The
reasons behind any inconsistencies in results within this
meta-analysis are as follows. First, the duration of LVAD

support differed among the included studies, for the time
of HTx after CF-LVAD as a bridge depends significantly
on when donors are available. Excessive duration of LVAD
as a bridge may reduce patient survival (25). Secondly, the
evaluation and utilization of marginal donors vary among
medical centers and experts (26), although LVAD as a BTT
has positive effects on the avoidance of marginal donor
hearts. Thirdly, there was selection bias between groups
among observational studies. In other words, more severely
ill patients were less likely to survive if they had received
HTx instead of CF-LVAD as a BTT at that time (27).
Overall, CF-LVAD BTT can bring excellent outcomes
comparable to HTx.
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A

B

Figure 4 Forest plots for the mortality between CF-LVAD DT vs. HTx. (A) One-year mortality and (B) two-year mortality. CF-LVAD,
continuous-flow left ventricular assist device; DT, destination therapy; HTx, heart transplantation; OR, odds ratio; CI, confidence interval.

Our meta-analysis showed similar one-year and twoyear mortality between CF-LVAD DT versus HTx. The
centers varied in the initial time of performing the LVAD
implantation, leading to differences in the experience of
surgical techniques and patient management. Therefore,
subgroup analysis was performed according to the country
that was considered the main reason for data inconsistency
i n o n e - y e a r m o r t a l i t y. A l t h o u g h w e p e r f o r m e d a
comprehensive assessment of the available information,
the heterogeneity of two-year mortality between DT
and HTx is difficult to explain due to the limitation of
published data in original articles. We assume that it is
mainly related to differences in donor heart evaluation
and use in various hospitals. Marginal donors with left
ventricular hypertrophy, older age, long cold ischemic
time or low left ventricular ejection fraction had adverse
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effects on post-transplant prognosis (26,28). Due to the
paucity of data on mortality or survival rates for over two
years within included studies, the long-term outcomes
after CF-LVAD as a DT versus HTx were not assessed.
However, CF-LVAD as a DT was inferior to HTx with
respect to longer survival rates, according to the database
of the Interagency Registry for Mechanically Assisted
Circulatory Support and the International Thoracic Organ
Transplant Registry of the International Society for Heart
and Lung Transplantation (24-27). The lower survival of
CF-LVAD as a DT is linked to device-related complications
and psychosocial disturbance (29,30). Considering devicerelated complications, apart from stroke, another important
consideration is whether the aortic valve can tolerate the
long-term hemodynamic changes after LVAD implantation
is also a challenge for CF-LVAD as a DT (31). During
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A

B

C

Figure 5 Forest plots for the adverse events between CF-LVAD DT vs. HTx. (A) Stroke, (B) bleeding, and (C) infection. CF-LVAD,
continuous-flow left ventricular assist device; DT, destination therapy; HTx, heart transplantation; OR, odds ratio; CI, confidence interval.

LVAD support, aortic regurgitation may occur due to the
excessive decrease in left ventricular pressure (32). Atkins
et al. suggested that the aortic valve needed to be repaired
or replaced if new-onset aortic valve insufficiency occurred
during the LVAD support (33). On the other hand, some
patients felt living life with LVAD as a DT did not meet
their previous expectations of quality of life (34). Improving
patient satisfaction with quality of life remains critically
important, particularly for patients requiring long-term
LVAD support. Close cooperation of telemedicine and
remote monitoring could be beneficial to improve patients’
quality with life and reduce psychosocial distress (35-37).
With the continuous development of LVAD and the
advancement of operative approaches, complications can
be further reduced, so as to reduce the mortality of LVAD
as a DT. The long-term outcomes for CF-LVAD as a DT
remain to be defined in future studies.

CF-LVAD as a DT brought a higher risk of stroke and
similar results of bleeding and infection compared with
HTx. The higher incidence of stroke is associated with
pump thrombosis and the duration of LVAD support.
Longer duration of LVAD support increased the risk of
stroke (38). In addition, the median waiting time for a
donor heart was 6.9 months (39). In other words, many
patients in CF-LVAD BTT can undergo HTx during
LVAD support of less than a year duration. This is the main
reason for our results demonstrating a higher incidence of
stroke in CF-LVAD DT rather than in CF-LVAD BTT.
Stroke, as a severe disabling complication, had negative
effects on the quality of life and led to lower survival (38).
Therefore, more strict control of anti-coagulant and antiplatelet therapy are required. Regarding adverse events,
some studies have demonstrated that minimally invasive
methods without sternotomy markedly promoted recovery
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and decreased partial complications (40,41). However,
the technical difficulty of minimally invasive methods
limits their wide implementation. Further investigation is
necessary to decrease the risks of devastating adverse events
during long-term LVAD support.

formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.
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Supplementary

Table S1 NOS risk of bias scale for included studies
Selection

Outcome
Outcome of interest not
present at start of study

Comparability

Assessment of
outcome

Adequacy of duration
of follow-up

Total
Adequacy of completeness score (0-9)
of follow-up

1

1

1

1

1

1

8

1

1

0

2

1

1

1

8

1

1

1

0

2

1

1

1

8

Droogne 2014 (14)

1

1

1

0

1

1

1

1

7

Gaffey 2015 (15)

1

1

1

0

2

1

1

1

8

Gernhofer 2019 (16)

1

1

1

0

1

1

1

1

7

Mishra 2017 (17)

1

1

1

0

1

1

1

1

7

Schumer 2015 (18)

1

1

1

0

1

1

1

1

7

Sorabella 2015 (19)

1

1

1

0

2

1

1

1

8

Suarez-Pierre 2019 (20) 1

1

1

1

1

1

1

1

8

Williams 2011 (21)

1

1

1

1

2

1

1

1

9

Yoshioka 2017 (22)

1

1

1

0

2

1

1

1

8

Studies

Representativeness of Selection of the nonthe exposed Cohort
exposed cohort

Ascertainment of
exposure

Ammirati 2016 (11)

1

1

Daneshmand 2015 (12) 1
Deo 2014 (13)

© Annals of Cardiothoracic Surgery. All rights reserved.

http://dx.doi.org/10.21037/acs-2020-cfmcs-fs-197

Figure S1 Egger’s test for primary outcomes. (A) one-year mortality of CF-LVAD BTT vs. HTx, P=0.622; (B) two-year mortality of CFLVAD BTT vs. HTx, P=0.631; (C) three-year mortality of CF-LVAD BTT vs. HTx, P=0.773; (D) five-year mortality of CF-LVAD BTT
vs. HTx, P=not available; (E) one-year mortality of CF-LVAD DT vs. HTx, P=0.560; (F) two-year mortality of CF-LVAD DT vs. HTx,
P=0.07. CF-LVAD, continuous-flow left ventricular assist device; DT, destination therapy; HTx, heart transplantation; OR, odds ratio; CI,
confidence interval.
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Figure S2 Meta regression for two-year mortality between CF-LVAD DT vs. HTx. (A) Sample size, (B) male percentage, (C) age, and (D)
ischemic percentage had no effect on heterogeneity. CF-LVAD, continuous-flow left ventricular assist device; DT, destination therapy; HTx,
heart transplantation; OR, odds ratio; CI, confidence interval.
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