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	 Background:	 Left ventricular assist device (LVAD) implantation may improve kidney function, but in patients awaiting heart 
transplantation, the long-term effects of LVAD implantation on renal function and subsequent clinical outcome 
are unclear.

	 Material/Methods:	 We analyzed data in patients with LVAD implants (n=139) and without LVAD implants (n=1038) who were list-
ed for a heart transplant at our institution between 2000 and 2019. The primary endpoint was an impairment 
in renal function (decrease of creatinine-based estimated glomerular filtration rate [eGFR] by ³30%) up to a 
maximum of 2 years after listing. Secondary endpoints were chronic kidney disease stage 4 or 5, heart trans-
plantation, survival during listing, and 1-year survival after transplantation.

	 Results:	 Values for eGFR increased after LVAD implantation (P=0.001) and were higher at the time of waitlisting in the 
LVAD group than in the non-LVAD group (P=0.002), but were similar between groups at the end of waitlisting 
(P=0.75). Two-year freedom from renal impairment was 50.6% and 66.7% in the LVAD and non-LVAD groups, 
respectively, with a multivariable-adjusted hazard ratio for the LVAD versus the non-LVAD group of 1.78 (95% 
confidence interval 1.19–2.68; P=0.005). Two-year freedom from chronic kidney disease stages 4–5 was simi-
lar between study groups (LVAD group: 83.5%; non-LVAD group: 80.1%; =0.50). The 2-year probability of trans-
plantation was slightly lower in the LVAD group than in the non-LVAD group (50.0% and 55.8%, respectively, 
P=0.017). However, 2-year survival on the waiting list and 1-year survival after transplantation did not differ 
significantly between study groups (P-values >0.20).

	 Conclusions:	 Our data indicate a transient improvement in creatinine-based eGFR values by LVAD implantation without in-
fluencing survival.
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Background

Heart failure (HF) is a medical problem affecting almost 23 mil-
lion people globally [1]. Five percent of patients develop end-
stage HF that is refractory to maximal medical treatment [2]. 
For these patients, heart transplantation is the last treatment 
option, with median survival exceeding 10 years [3]. Due to 
donor heart shortage, left ventricular assist devices (LVADs) 
are increasingly used as a bridge to transplant [4]. LVADs have 
proven to be effective in improving survival and quality of life 
in patients with refractory HF [5], and 30% of all LVADs are im-
planted as a bridge to transplant, with an additional 23% as a 
bridge to candidacy in anticipation of listing [6].

HF is often associated with renal impairment, resulting in 
a pathophysiologic disorder that is called cardiorenal syn-
drome [7]. Approximately 50% of patients with chronic HF 
have an estimated glomerular filtration rate (eGFR) of less than 
60 mL/min/1.73 m2 [8]. Several observational studies report-
ed poor clinical outcomes in patients with HF in cases with 
impaired kidney function [9,10]. Moreover, renal replacement 
therapy was an important independent predictor of mortality 
in patients with end-stage HF who needed extracorporeal car-
diopulmonary resuscitation [11]. With regard to heart trans-
plantation, chronic kidney disease (CKD) stages 4–5 are con-
sidered to be relative contraindications [12].

LVAD implantation is associated with a transient decrease in 
serum creatinine concentrations and an increase in eGFR val-
ues [13,14]. Since the long-term effects of LVAD implantation 
in patients with refractory HF on kidney function are current-
ly not clear [15], we aimed to investigate renal function, the 
probability of transplantation, and overall mortality in pa-
tients with or without an LVAD awaiting heart transplantation.

Material and Methods

Patients

This data analysis summarizes results obtained at our insti-
tution between January 2000 and April 2019. Patients with or 
without an LVAD implant who were listed for a heart transplant 
were eligible for inclusion. Patients who received an LVAD im-
plant as destination therapy were not included in our data anal-
ysis. Listing criteria included the following parameters [16,17]: 
New York Heart Association (NYHA) functional class III or IV, 
maximal oxygen uptake <10–14 mL/kg/min, central venous 
pressure >15 mmHg, left ventricular ejection fraction <20%, 
left ventricular end-diastolic diameter >20 mmHg, a cardiac in-
dex <2.2 L/min/m2, plasma sodium <135 mmol/L, or LVAD im-
plantation. Hemodynamic criteria for LVAD implantation were 
(i) systolic blood pressure <80 mmHg, (ii) pulmonary capillary 

wedge pressure >20 mmHg, and a cardiac index <2 L/min/m2 
despite maximal medical treatment [18,19]. Only those pa-
tients with LVAD implants whose device implantation was 
within the last 6 months of listing were considered. Patients 
with a biventricular assist device or total artificial heart im-
plant at time of waitlisting and patients with missing data re-
garding renal function were excluded from data analysis, as 
were patients with CKD stages 4 and 5, respectively. The pa-
tient selection process is described in Figure 1.

The study was performed in accordance with the Strengthening 
the Reporting of Observational studies in Epidemiology state-
ment for cohort studies (www.strobe-statement.org). Approval 
for this investigation, including patient consent waiver, was 
obtained from the local Ethics Committee at our institution.

Study design

The study cohort was divided into 2 groups: patients with an 
LVAD implant (designated the LVAD group) and those without 
an LVAD implant (designated the non-LVAD group). In this way, 
139 patients were allocated to the LVAD group and 1038 to 
the non-LVAD group. For our analysis, we assessed 20 base-
line characteristics that are routinely and prospectively collect-
ed and entered into a database at our institution. In addition, 
we assessed the last eGFR values before listing, the first eGFR 
values after listing, eGFR values at the time of renal impair-
ment (see below), and the last eGFR values during listing. In 
the LVAD group, we also assessed the last eGFR values before 
device implant. GFR values were calculated using the simpli-
fied Modification of Diet in Renal Disease (MDRD) formula [20].

Endpoints

The primary endpoint was an impairment in renal function up 
to a maximum of 2 years after listing. Renal impairment was 
considered if eGFR values decreased by 30% or more. Patients 
were censored at the time they received a transplant or died. 
Secondary endpoints were CKD stage 4 or 5, heart transplan-
tation, and 2-year survival during listing. Moreover, 1-year sur-
vival after transplantation was assessed in those patients who 
receive a transplant within 2 years of listing.

Statistics

We report categorical variables as numbers and percentag-
es of observations, and continuous data as means with stan-
dard deviation (normally distributed data) or medians with 
25th to 75th percentiles, where appropriate. Normal distribu-
tion of data was tested using the Kolmogorov-Smirnov test and 
was assumed if P-values were >0.05. We used the unpaired 
t test, the Mann-Whitney test, and Fisher’s exact test to as-
sess group differences in continuous and categorical baseline 
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variables, where appropriate. Comparisons within study groups 
were performed using the paired t test or Wilcoxon’s rank 
sum test, where appropriate. Between-group comparisons of 
creatinine and eGFR values were based on analysis of cova-
riance (ANCOVA) with adjustments for those baseline char-
acteristics that differed significantly between study groups 
(sex, heart rate, blood pressure, cardiac index, left ventricular 
ejection fraction, left ventricular end-diastolic diameter, pul-
monary capillary wedge pressure, diagnosis, NYHA functional 
class, sodium, bilirubin; see Table 1). Nonnormally distributed 
data were log-transformed before analysis.

We generated Kaplan-Meier estimates by study group for the 
primary and secondary endpoints as a function of time. The 
log-rank test was used to test for statistical differences be-
tween study groups. We also performed unadjusted and mul-
tivariable-adjusted Cox regression analysis on the primary and 
secondary endpoints. Results are presented as hazard ratios 
(HRs) and 95% confidence intervals (CIs). Adjustments were 
made for those baseline characteristics that differed signifi-
cantly between study groups. The proportionality of hazard 
assumption was assessed by evaluation of time-dependent 
variables, which were the cross-products of the predictor vari-
ables with event-free outcomes. The proportionality of hazard 
assumption was satisfied for all endpoints (P-values >0.05). In 
sensitivity analyses, we excluded those patients in the LVAD 
group who were weaned, and included patients in the non-
LVAD group who received an LVAD implant during follow-up.

P-values <0.05 were considered statistically significant. All sta-
tistical analyses were performed using IBM SPSS Statistics, ver-
sion 24 (IBM Corp., Armonk, New York, USA).

Results

Baseline characteristics

The characteristics of the study cohort at time of waitlisting are 
presented in Table 1. Briefly, the percentage of women was sig-
nificantly lower in the LVAD group than in the non-LVAD group. 
Moreover, cardiac-related parameters differed between groups 
with significantly higher values for heart rate, diastolic blood 
pressure, and cardiac index, and significantly lower values for 
left ventricular ejection fraction, left ventricular end-diastolic 
diameter, systolic blood pressure, pulmonary capillary wedge 
pressure, and NYHA functional class in the LVAD group than 
in the non-LVAD group. In the LVAD group, heart failure was 
more often due to ischemic cardiomyopathy than in the non-
LVAD group. However, concomitant diagnoses such as diabetes 
mellitus and resuscitation were similar between study groups, 
and none of the patients needed hemofiltration or dialysis in 
either the LVAD group or the non-LVAD group.

In the LVAD group, the majority of patients received HeartWare 
implants (HeartWare International Inc. Framingham, MA, 
USA; n=56) and HeartMate II implants (Thoratec Corp., 
Pleasanton, CA, USA; n=26). The remaining LVAD patients 
received DuraHeart (Terumo Heart Inc., Ann Arbor, MI, USA; 

LVAD support
(n=514)

LVAD group
(n=139)

Non-LVAD group
(n=1038)

Excluded (n=44)
• BVAD: n=14
• TAH: n=30

Excluded (n=375)
• CKD stage 4-5: n=24
• Missing data: n=70
• Implant date >6 months
  before listening: n=71
• Implant date after listing:
   n=210

Excluded (n=367)
• CKD stage 4-5: n=69
• Missing data: n=298

No MCS supports
(n=1405)

MCS support
(n=558)

Eligible patients
(n=1997)

Figure 1. �Flow chart of included and excluded 
studies. MCS – mechanical circulatory 
support; BVAD – biventricular assist 
device; TAH – total artificial heart; 
LVAD – left ventricular assist device.
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n=19), Thoratec (Thoratec Corp.; n=13), NovaCor (WorldHeart 
Inc., Oakland, CA, USA; n=10), VentrAssist (Ventracor Ltd., 
Chatswood, NSW, Australia; n=5), and HeartMate I and 3 
(Thoratec Corp.; n=4 and 6, respectively) implants.

Creatinine and eGFR values

Table 2 presents data on serum creatinine and eGFR values by 
study group. Briefly, the last creatinine concentrations before 
listing were significantly lower and the last eGFR values before 
listing were significantly higher in the LVAD group than in the 
non-LVAD group, as were the first creatinine and eGFR values 
after listing. At the time of waitlisting, 17% of patients in the 

LVAD group and 39% of patients in the non-LVAD group had 
eGFR values below 60 mL/min/1.73 m2. In both the LVAD and 
non-LVAD groups, there was a significant rise in serum creat-
inine and a significant decline in eGFR between the first and 
the last measurement on the waiting list (all P-values <0.001). 
Despite the substantial differences in eGFR values at the time 
of waitlisting, the last creatinine and eGFR values on the wait-
ing list did not differ significantly between study groups.

With respect to the LVAD group, creatinine concentrations were 
lower at the time of waitlisting, whereas eGFR values were 
higher than before device implantation (both P-values <0.001).

LVAD group n=139 Non-LVAD group n=1038 P-value

Age (y) 	 49.1±15.7 	 51.4±13.8 0.07

Gender, Females (N, %) 	 13	 (9.4) 	 225	 (21.7) <0.001

Weight (kg) 	 78.4±15.0 	 76.0±14.7 0.08

Height (cm) 	 179±9 	 175±10 <0.001

Body Mass Index (kg/m2) 	 24.5±4.4 	 25.4±14.8 0.51

Heart Rate (N) 	 89±16 	 79±16 <0.001

Left ventricular ejection fraction (%) 	 20	 (19–30) 	 25	 (20–30) 0.001

Left ventricular end-diastolic diameter (mm) 	 62	 (54–70) 	 68	 (60–75) <0.001

Systolic blood pressure (mmHg) 	 98±16 	 105±17 <0.001

Diastolic blood pressure (mmHg) 	 68±15 	 62±12 <0.001

Cardiac index (l/min/m2) 	 2.55±0.64 	 2.10±0.96 <0.001

PCWP (mmHg) 	 15.0±6.6 	 18.9±10.3 <0.001

NYHA Functional Class 	 3.3±0.4 	 3.7±0.4 <0.001

Diagnosis

	 Ischemic cardiomyopathy (N, %) 	 79	 (56.8) 	 355	 (34.3) <0.001

	 Dilated cardiomyopathy (N, %) 	 53	 (38.1) 	 487	 (47.0) 0.06

	 Others (N, %) 	 7	 (5.1) 	 197	 (18.7) <0.001

Concomitant diagnoses

	 Diabetes mellitus (N, %) 	 28	 (20.1) 	 184	 (17.7) 0.45

	 Insulin-dependent diabetes mellitus (N, %) 	 10	 (7.2) 	 86	 (8.3) 0.86

	 Cardiopulmonary resuscitation (N, %) 	 6	 (4.3) 	 33	 (3.2) 0.45

	 Hemofiltration/dialysis (N, %) 	 0	 (0) 	 0	 (0) >0.99

Biochemical parameters

	 Sodium (mmol/L) 	 135±5 	 136±5 0.005

	 Bilirubin (mg/L) 	 0.70	 (0.50–0.93) 	 0.85	 (0.60–1.27) <0.001

Table 1. Baseline characteristics at time of waitlisting by study group.
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Primary and secondary endpoints

LVAD implantation was on average performed 32 days (25th–75th 
percentiles: 22–56 days) before listing. In the LVAD and non-
LVAD groups, mean follow-up was 15.2 months (SD: 9.4 months) 
and 11.8 months (SD: 10.0 months), respectively (P<0.001).

The primary endpoint was reached by 36.7% (n=51) of patients 
in the LVAD group and by 20.7% (n=215) of patients in the 
non-LVAD group. Two-year freedom from renal impairment in 
the LVAD and non-LVAD groups was 50.6% and 66.7%, respec-
tively (Figure 2), with an unadjusted and multivariable-adjust-
ed HR for the LVAD versus the non-LVAD group of 1.51 (95% 
CI, 1.11–2.05; P=0.008) and 1.78 (95% CI: 1.19–2.68; P=0.005), 
respectively. Two-year freedom from CKD stages 4–5 was, 
however, similar between study groups (LVAD group: 83.5%; 
non-LVAD group: 80.1%), with an unadjusted and multivari-
able-adjusted HR for the LVAD versus the non-LVAD group of 

0.83 (95% CI: 0.47–1.44; P=0.50) and 0.96 (95% CI: 0.50–1.88; 
P=0.92), respectively.

The 2-year probability of transplantation was significantly 
lower in the LVAD group compared with the non-LVAD group 
(50.0% and 55.8%, respectively) (Figure 3), with an unadjust-
ed and multivariable-adjusted HR for nontransplantation in the 
LVAD versus the non-LVAD group of 1.37 (95% CI: 1.06–1.77; 
P=0.018) and 2.63 (95% CI: 1.86–3.72; P<0.001), respectively. 
Nevertheless, 2-year survival on the waiting list did not differ 
significantly between study groups (LVAD group: 85.9%; non-
LVAD group: 85.7%) (Figure 4). The corresponding unadjusted 
and multivariable-adjusted HR for 2-year mortality on the wait-
ing list was 0.95 (95% CI: 0.53–1.72) for the LVAD group ver-
sus 0.62 (95% CI: 0.25–1.53; P=0.30) for the non-LVAD group. 
Of the 13 patients in the LVAD group who died during follow-
up, 5 died of intracranial bleeding (38%), 5 of sepsis (38%), 1 
of sudden cardiac death (8%), and 1 of myocardial infarction 

LVAD group n=139 Non-LVAD group n=1038 P-value*

Last creatinine before LVAD implant (mg/dl) 	 1.30	 (0.95–1.75) – –

Last creatinine before listing (mg/dl) 	 0.96	 (0.77–1.20) 	 1.20	 (0.93–1.50) 0.001

First creatinine after listing (mg/dl) 	 0.99	 (0.80–1.20) 	 1.20	 (0.95–1.50) 0.004

Last creatinine on the waiting list (mg/dl) 	 1.20	 (1.00–1.60) 	 1.30	 (1.00–1.70) 0.48

Last eGFR before LVAD implant (ml/min/1.73 m2) 	 60.3	 (40.2–87.7) – –

Last eGFR before listing (ml/min/1.73 m2) 	 85.6	(67.8–108.5) 	 68.6	 (52.2–88.9) <0.001

First eGFR after listing (ml/min/1.73 m2) 	 84.5	(66.7–106.4) 	 66.2	 (50.3–87.6) 0.002

Last eGFR on the waiting list (ml/min/1.73 m2) 	 66.0	 (47.0–86.9) 	 59.7	 (44.1–80.8) 0.75

Table 2. Creatinine and estimated glomerular filtration rates by study group.

LVAD – left ventricular assist device; eGFR – estimated glomerular filtration rate. * Between-groups comparisons are based on ANCOVA 
with adjustments for those baseline characteristics that differed significantly between study groups (see Table 1).
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Figure 2. �Two-year freedom from renal impairment after listing 
for a heart transplant by study group.

Long rank test: p=0.017

Non-LVAD group

LVAD group

Months since listing

0
1038
139

Patients at risk
Non-LVAD:
LVAD:

Pr
ob

ab
ilit

y o
f t

ra
ns

pla
nt

at
ion

1.0

0.8

0.6

0.4

0.2

0.0

6
586
101

12
459
82

18
388
68

24
326
55

Figure 3. �Two-year probability of transplantation after listing for 
a heart transplant by study group.
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(8%), and 1 cause of death was unknown (8%). Of the 79 pa-
tients who died in the non-LVAD group, 4 died of intracrani-
al bleeding (5%), 13 of sepsis (16%), 18 of cardiogenic shock 
(23%), 17 of sudden cardiac death (22%), 12 of multiorgan fail-
ure (15%), 2 of gastrointestinal bleeding (2%), and 7 of oth-
er causes (9%), and 6 causes of death were unknown (8%). 
In those patients who received transplants within 2 years of 
listing (LVAD group: n=64; non-LVAD group: n=552), 1-year 
mortality after transplantation did not differ significantly be-
tween the LVAD and non-LVAD groups (20.4% and 15.5%, re-
spectively; P=0.23; Figure 5).

Sensitivity analysis

Two patients in the LVAD group were weaned and 68 patients 
in the non-LVAD needed an LVAD implant during follow-up. 
Exclusion of the weaned patients did not substantially influ-
ence results of the primary endpoint. Briefly, 2-year freedom 
from renal impairment in the LVAD and non-LVAD groups was 
50.6% and 66.7%, respectively, with an unadjusted and multi-
variable-adjusted HR for the LVAD versus the non-LVAD group of 
1.55 (95% CI, 1.14–2.11; P=0.005) and 1.79 (95% CI: 1.19–2.69; 
P=0.005), respectively. Moreover, 2-year freedom from CKD stag-
es 4–5 was 83.1% (LVAD group) and 80.0% (non-LVAD group), 
with an unadjusted and multivariable-adjusted HR for the LVAD 
group versus the non-LVAD group of 0.84 (95% CI: 0.48–1.47; 
P=0.54) and 0.97 (95% CI: 0.50–1.89; P=0.92), respectively.

Inclusion of the 68 patients, who initially did not receive an 
LVAD implant, in the non-LVAD group also did not substantially 
influence results of the primary endpoint. Briefly, 2-year free-
dom from renal impairment in the LVAD and non-LVAD groups 
was 50.6% and 65.7%, respectively, with an unadjusted and 
multivariable-adjusted HR for the LVAD versus the non-LVAD 
group of 1.50 (95% CI, 1.11–2.03; P=0.009) and 1.78 (95% CI: 

1.19–2.68; P=0.005), respectively. Moreover, 2-year freedom 
from CKD stages 4–5 was 83.5% (LVAD group) and 80.0% (non-
LVAD group), with an HR for the LVAD group versus the non-
LVAD group of 0.82 (95% CI: 0.47–1.43; P=0.48) and 0.83 (95% 
CI: 0.38–1.79; P=0.63), respectively.

Discussion

This study has 3 major findings. First, at the time of waitlist-
ing, the eGFR values, calculated by creatinine-based formula, 
were significantly higher in the LVAD group than in the non-
LVAD group. Second, freedom from renal impairment and the 
probability of transplantation were lower in the LVAD than in 
the non-LVAD group. Third, despite higher eGFR values at the 
time of waitlisting in the LVAD group compared with the non-
LVAD group, survival during listing and survival after transplan-
tation were similar between the 2 study groups.

Before LVAD implantation, eGFR values were significantly low-
er than after LVAD implantation and at time of waitlisting. 
Therefore, the higher eGFR values in the LVAD group com-
pared with the non-LVAD group at the time of waitlisting can 
reliably be explained by an LVAD-induced increase in eGFR 
values. Similar results have been reported by others [21–23]. 
Moreover, earlier studies also provided evidence that the in-
crease in eGFR after LVAD implantation may be transient, but 
long-term data were limited. Our results clearly support the 
assumption of a transient increase in eGFR values from LVAD 
implantation. Whether or not this transient increase indicates 
a true effect on kidney function is unclear. On the one hand, 
some evidence suggests that due to muscle wasting following 
LVAD implant, creatinine-based formulae may incorrectly es-
timate early post-LVAD GFR values [23–25]. Cystatin C-based 
assessment of kidney function could not confirm a transient 

Long rank test: p=0.87 Non-LVAD group

LVAD group

Months since listing

0
1038
139

Patients at risk
Non-LVAD:
LVAD:

Pr
ob

ab
ilit

y o
f s

ur
viv

al 
on

 w
ait

ing
 lis

t

1.0

0.8

0.6

0.4

0.2

0.0

6
586
101

12
459
83

18
388
70

24
326
55

Figure 4. �Two-year survival after listing for a heart transplant by 
study group.
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increase in eGFR [25]. Moreover, it has been suggested that in 
frail and sarcopenic patients, such as patients with LVAD im-
plants, creatinine-based formulae for estimating GFR values 
may overestimate kidney function [23]. Notably, substantial 
muscle catabolism can occur within a few days of immobiliza-
tion [26], resulting in lower serum creatinine levels and thus 
higher eGFR values in the medium term. On the other hand, 
our LVAD patients served as their own controls. In addition, the 
results of several creatinine-based formulae have recently been 
compared against a reference method of measuring glomeru-
lar filtration rate (51Cr-EDTA method) in patients with heart fail-
ure [27]. Data demonstrated correlation coefficients between 
0.81 and 0.90 for all creatinine-based formulae, including the 
simplified MDRD formula. Therefore, the transient increase 
in eGFR values in our patients with an LVAD implant may in-
deed reflect a true transient improvement in kidney function.

The differences in calculated kidney function between study 
groups have not obviously influenced clinical outcome such 
as survival on the waiting list and survival after heart trans-
plantation. Notably, the decline in eGFR values during listing 
was more pronounced in the LVAD group than in the non-LVAD 
group, and the last eGFR values on the waiting list did not dif-
fer significantly between study groups. There is some evidence 
that in patients with implantation of continuous flow devic-
es, beneficial renal effects may at least in part be counteract-
ed by LVAD-related deleterious effects on renal function [28]. 
Moreover, we cannot definitely rule out that infectious or clot-
ting complications adversely affected results in the LVAD group. 
Unfortunately, however, complications were not systematical-
ly assessed. The more pronounced decline in eGFR values in 
the LVAD group compared with the non-LVAD group was also 
confirmed by the lower 2-year freedom from renal impairment. 
However, 2-year freedom from severe kidney disease such as 
CKD stages 4–5 was similar in both study groups. Moreover, dur-
ing listing more than 75% of the patients in our 2 study groups 
had eGFR values above 45 mL/min/1.73 m2. The similar clini-
cal outcomes in both study groups are in line with the similar 
incidence of a severe decline in kidney function during listing. 
There is evidence that a substantial association of poor kidney 
function with mortality only occurs in those patients who have 
eGFR values below 45 mL/min/1.73 m2, but not in patients with 
eGFR values above 45 mL/min/1.73 m2 [29]. However, mortality 
is exceptionally high in patients with pre-existing end-stage re-
nal disease, despite LVAD implantation [30,31]. Regarding the 
association between pretransplant eGFR values and posttrans-
plant mortality, eGFR values <30 have been particularly asso-
ciated with higher mortality after heart transplantation [32]. 
In contrast, pretransplantation kidney function was not pre-
dictive of mortality after heart transplantation in a study with 
a low percentage of patients with measured GFR values <30 
mL/min/1.73 m2 [33]. Moreover, LVAD implantation obviously 
does not affect kidney function after heart transplantation [34].

The REMATCH (Randomized Evaluation of Mechanical Assistance 
for the Treatment of Congestive Heart Failure) study [35], a ran-
domized controlled clinical trial, has demonstrated that, com-
pared with optimal medical treatment, LVAD implantation re-
sults in a transient survival benefit. In our investigation, however, 
study groups were not randomized, and important predictors 
of survival in patients with heart failure, such as cardiac index 
and plasma sodium, were significantly lower in the LVAD group 
than in the non-LVAD group. This difference may at least in part 
explain why LVAD patients had similar, but not better survival 
than non-LVAD patients. Notably, the multivariable-adjusted HR 
for 2-year mortality on the waiting list was lower than the un-
adjusted HR for the LVAD versus non-LVAD group (0.62 vs. 0.95, 
respectively), but still did not achieve statistical significance.

The significant difference in the probability of transplantation 
between patients with and without an LVAD implant has al-
ready been reported by our group [36]. This difference may 
be due to the allocation scheme in the Eurotransplant region, 
because inotrope dependence in non-LVAD patients justifies 
high-urgency status and those patients are prioritized over 
LVAD patients without life-threatening device-related compli-
cations [37]. It remains elusive at present whether the planned 
introduction of a Cardiac Allocation Score may alter the allo-
cation of donor hearts to LVAD and non-LVAD patients, as it 
should balance both urgency and transplant benefit.

Our study has both strengths and limitations. Strengths are the 
relatively large number of patients, the homogeneous groups 
of patients, and the clear listing criteria. Limitations are as fol-
lows. First, the retrospective study design resulted in missing 
eGFR data just before listing, immediately after listing, or at the 
end of listing in a substantial number of patients. Second, sever-
al patients with an LVAD implant had to be excluded from data 
analysis because the device was implanted long before or long 
after listing. Since these patients may also differ in their clini-
cal characteristics from those patients who were included in the 
data analysis, this exclusion may have biased study results to 
some extent. Third, GFR values were only estimated by the sim-
plified MDRD formula, and creatinine concentrations may have 
been influenced by factors that are unrelated to kidney func-
tion such as changes in muscle mass. Fourth, there was a pre-
dominance of male patients in our study groups, but this is a 
general phenomenon in patients awaiting heart transplantation 
[38] and thus unrelated to our investigation. Fifth, censoring of 
patients that received transplants and deceased patients may 
have biased outcome results. Therefore, any overstating of our 
results should be avoided. Finally, despite clear listing criteria for 
a heart transplant for both study cohorts, criteria are not com-
pletely identical. This became obvious by significant differences 
in various baseline characteristics between study groups and may 
also have biased study results. However, adjustment for base-
line covariates is a generally accepted measure to address this 
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problem. Notably, unadjusted and multivariable-adjusted study 
results did not differ substantially. Therefore, the central goal 
of the present study (comparison of patients with and without 
an LVAD implant) may largely be unaffected by this limitation.

Conclusions

In summary, our data indicate that LVAD implantation results in 
a transient improvement in kidney function. Our data, however, 

also indicate that this LVAD-induced effect does not have an 
impact on survival, either on the waitlist or after heart trans-
plantation. In contrast to severe kidney failure, mild to mod-
erate renal dysfunction may therefore be considered a rela-
tive risk factor in heart failure patients only.
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