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Introduction

Left ventricular assist device (LVAD) therapy is an 
established treatment option for advanced heart failure 
patients, which prolongs survival and improves symptoms 
and quality of life (1). A steadily growing number of LVAD 

patients receive prolonged device support, as nearly 50% 
of LVAD recipients are currently assigned to destination 
therapy, recovery rates remain low and the availability of 
donor organs is very limited. Recent advances in device 
technology and better patient selection has led to significant 
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and P=0.06 respectively).
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clinical outcomes after LVAD-implantation. These findings suggest an impaired prognostic performance of 
BNP after LVAD implantation.
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improvements in long-term outcome. Currently, the 
estimated one-year survival rate after LVAD implantation 
is 80%. Nonetheless, LVAD therapy is still inferior to heart 
transplantation, which remains the gold standard therapy 
for end-stage heart failure patients. Ultimately half of the 
patients on device support die from multi-organ failure 
or cardiovascular causes (2). Thus, better prognostication 
and accurate risk stratification of this growing patient 
population are of paramount importance. This can be 
extremely challenging, as LVAD therapy is accompanied by 
various physiologic alterations and certain diagnostic tools 
are restrictedly applicable and do not necessarily reflect 
the ongoing pathophysiological changes on molecular 
level. The ability to estimate disease status and predict 
outcome by measurement of a single biomarker or a panel 
of biomarkers underlying different pathophysiological 
processes of the heart failure syndrome may have a crucial 
therapeutic impact. Previous studies reported a significant 
decrease in B-type natriuretic peptide (BNP) after LVAD 
implantation but only scarce data exist regarding the 
prognostic value of BNP in this patient population (3-10). 
The purpose of the current study was to investigate the 
utility of absolute BNP values and their dynamic changes 
for the prediction of death or the combined end-point of 
death or hospitalization up to 180 days following LVAD 
implantation.

Methods

We retrospectively reviewed the database of  our 
interdisciplinary heart failure unit to identify consecutive 
adult patients who received a continuous-flow LVAD at 
our institution from December 1, 2010, to June 30, 2016. 
Clinical data regarding medical history and disease status in 
the recent preoperative period were prospectively collected 
in a digitalized database dedicated to clinical surveys. 
Follow-up data were extracted from the patients’ electronic 
health records. The follow-up visits in the outpatient clinic 
were scheduled 1, 2, 3 and 6 months after implantation 
according to an established internal protocol. Additional 
visits or inpatient treatments were planed depending on the 
clinical course and the occurrence of adverse events. The 
continuous-flow HVAD (HeartWare, Framingham, MA, 
USA) was the only type of LVAD implanted during this 
period. The study was approved by the ethics committee of 
the University of Duisburg-Essen.

Blood samples were collected in EDTA-containing tubes 
and centrifuged. Plasma was obtained and frozen at −20 ℃ 

until analysis. BNP was measured using a commercially 
available enzyme-linked immunosorbent assay kit. The 
last available BNP value within two days prior to LVAD 
implantation was selected as the baseline value and the 
one measured at the 90-day visit at the outpatient clinic 
as the follow-up value. In case of a hospitalization at this 
time point, the next available BNP value measured in the 
outpatient setting was used instead. 

Continuous variables were expressed as means (standard 
deviations) unless indicated otherwise, and categorical 
variables as counts (percentages). Continuous data were 
evaluated for normality of distribution using the Shapiro-
Wilk test. For descriptive analysis, the study cohort was 
categorized to tertiles of baseline BNP. Differences in 
continuous variables across BNP tertiles were tested 
with the one-way analysis of variance (ANOVA) or the 
Kruskal-Wallis H test. The Chi-square test for trend or 
the Fisher’s exact test were used for testing association 
between categorical variables and BNP tertiles. A paired-
samples t-test was used to determine whether there was 
a statistically significant difference between the baseline 
BNP and the 90-day BNP level after log-transformation of 
the data. The independent predictive value of BNP for the 
occurrence of all-cause death and the combined end-point 
of all-cause death or hospitalization was estimated by the 
Cox proportional hazards regression analysis with a forward 
variable selection procedure. Variables were introduced 
in the model based on clinical relevance and if previously 
tested significant at P<0.10 in the univariate analysis. 
Kaplan-Meier survival curves were designed to illustrate 
the survival differences by direction of BNP change from 
baseline as assessed at 90 days post-implantation. The 
log-rank test was performed to estimate differences among 
groups. The level of significance was set to 0.05 and all P 
values were two-tailed. All analyses were performed using 
SPSS statistical software (IBM Corp., SPSS Statistics, 
Version 23.0. Armonk, NY, USA). 

Results

Preoperative characteristics of the study population are 
listed in Table 1. In our cohort median BNP level at baseline 
was 885 [interquartile range (IQR): 450–1,624] pg/mL, 
with 99% of measurements above the cut-off of 35 pg/mL 
for chronic heart failure and 96% above 100 pg/mL. The 
mean age was 59 years and nearly 80% of the study patients 
were males. The majority were inotrope dependent, 
hospitalized patients in critical or declining clinical status 
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Table 1 Baseline characteristics

Variables
Baseline BNP

P value
Overall (n=103) Tertile 1 (n=35) Tertile 2 (n=34) Tertile 3 (n=34)

BNP (min-max), pg/mL 27–5,000 27–615 617–1,445 1,447–5,000

Age, y 58.8 (11.1) 58.6 (10.2) 57.4 (11.5) 60.5 (11.5) 0.19

Male 82 (79.6) 30 (85.7) 27 (79.4) 25 (73.5) 0.45

BMI, kg/m2 26.1 (4.2) 27.2 (4.5) 26.1 (4.6) 25 (3.2) 0.19

Ischemic etiology 56 (54.4) 24 (68.6) 20 (58.8) 12 (35.3) 0.02

Non-ischemic etiology 47 (45.6) 11 (31.4) 14 (41.2) 22 (64.7) 0.02

DT 69 (67.0) 24 (68.6) 21 (61.8) 24 (70.6) 0.72

INTERMACS 1–3 71 (68.9) 22 (62.9) 25 (73.5) 24 (70.6) 0.61

EF 17.3 (6.5) 18.4 (6.6) 17.9 (7.1) 15.5 (5.5) 0.15

CI, L/min/m2 1.77 (0.38) 1.88 (0.35) 1.86 (0.35) 1.59 (0.39) 0.03

mean PAP, mmHg 33.4 (10.9) 33.1 (12.4) 30.4 (9.7) 36.5 (10.0) 0.24

Creatininea, mg/dL 1.42 (7.2) 1.35 (2.1) 1.44 (6.9) 1.49 (2.6) 0.10

GFRa, mL/min/1.73 m2 51.0 [136] 56 [117] 46 [94] 50 [117] 0.04

Hypertension 77 (74.8) 29 (82.9) 22 (64.7) 26 (76.5) 0.21

CKD 51 (49.5) 16 (45.7) 13 (38.2) 22 (64.7) 0.08

Atrial fibrillation 47 (45.6) 19 (54.3) 13 (38.2) 15 (44.1) 0.40

ECLS 19 (18.4) 8 (22.9) 6 (17.6) 5 (14.7) 0.68

IABP 11 (10.7) 3 (8.6) 3 (8.8) 5 (14.7) 0.65

Invasive ventilation 21 (20.4) 7 (20.0) 6 (17.6) 8 (23.5) 0.83

Inotropes 71 (68.9) 24 (68.6) 21 (61.8) 26 (76.5) 0.40
a, Variable expressed as median (range). BMI, body-mass index; BNP, B-type natriuretic peptide; CI, cardiac index; CKD, chronic kidney 
disease; DT, destination therapy; ECLS, extracorporeal life support; EF, ejection fraction; GFR, glomerular filtration rate; IABP, intra-aortic 
balloon pump; INTERMACS, interagency registry of mechanically assisted circulatory support; PAP, pulmonary artery pressure.

(INTERMACS profile 1–3). Approximately two-thirds of the 
study population were assigned to destination therapy (67%). 
Individuals in the highest BNP tertile had more frequently 
heart failure of non-ischemic etiology (P=0.02) and more 
severe impairment of cardiac index, (mean cardiac index by 
ascending BNP tertile: 1.88 vs. 1.86 vs. 1.59 L/min/m2, P=0.03), 
compared with patients in the lowest tertile. Furthermore, 
patients in the highest BNP tertile had a higher degree of renal 
failure, based on the estimated glomerular filtration rate (GFR) 
(P=0.04). Patients with invasive hemodynamic and respiratory 
support preoperatively, as well as inotrope-dependent patients, 
did not exhibit a preponderance in higher BNP tertiles.

During the 180-day observational period no device 
exchanges, device explantations for recovery, or heart 

transplantations took place and all patients were on 
continuous LVAD support. There were 43 (41.7%) deaths 
and 29 (28%) hospitalizations by 180 days, while the 
combined outcome of death or hospitalization occurred in 
69 (67.0%) patients. Higher baseline BNP level was not 
associated with higher risk of death [hazard ratio (HR) 1.35; 
95% CI: 0.92–1.96; P=0.12] or death/hospitalization (HR 
1.00; 95% CI: 0.76–1.33; P=0.98) at 180 days (Table 2).  
Overall 63 (61%) patients survived to 90-day follow-
up. The median BNP level at 90-day follow-up was 289 
(IQR: 154–534) pg/mL. At the time of BNP sampling no 
changes were conducted in device function parameters (e.g., 
device speed). In all subjects, BNP was above the cut-off of  
35 pg/mL for chronic heart failure and in 91% above 
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100 pg/mL. BNP level at 90-day follow-up portended 
an increased risk for the combination of death or 
hospitalization up to 180 days post-implantation in the 
univariate analysis (HR 1.03; 95% CI: 1.03–1.06; P=0.006). 
After adjusting for relevant covariates, this association did 
not reach statistical significance (HR 1.01; 95% CI: 0.98–
1.04; P=0.62). Table 2 provides an overview of the univariate 
and multivariate analysis for the study end-points and a list 
of the variables included in the model.

At 90 days BNP levels significantly decreased from 
baseline (median BNP 885 vs. 289 pg/mL, P<0.001). The 
median absolute change from baseline was −421 (IQR: 
−1,016 to −46) pg/mL. At 90 days there was no BNP 

lowering in 21% of patients. This was not associated 
with worse outcomes, including death, hospitalization 
or the combination of death/hospitalization at 180 days, 
when compared with subjects showing any decrease 
in BNP (Figure 1). Kaplan-Meier curves illustrate the 
hospitalization-free survival by BNP deviation, i.e., decrease 
vs. increase/no change (Figure 2, log-rank test: 0.08). As 
depicted, a non-significant trend towards lower death 

Table 2 BNP levels and adverse clinical outcomes

Model 180-day death P value 180-day death or hospitalization P value

Baseline BNP

Event rates 43/103 (41.7) 69/103 (67.0)

Univariate 1.27 (0.94-1.71) 0.12 1.10 (0.87–1.37) 0.45

Adjusted 1.35 (0.92-1.96) 0.12 1.00 (0.76–1.33) 0.98

90-day BNP

Event rates 3/63 (4.8) 16/63 (25.4)

Univariate 1.01 (0.99-1.03) 0.32 1.03 (1.01–1.06) 0.006

Adjusted * * 1.01 (0.98–1.04) 0.62

Values represent HR (95% CI) or n/N (%). BNP was log-transformed, increments per log increase. Multivariate analysis included the  
following variables: age, male gender, DT, EF, creatinine, CKD, ECLS, IABP, invasive ventilation, inotropes. *, univariate analysis only, 
due to the low event rate. BNP, B-type natriuretic peptide; HR, hazard ratio; CI, confidence interval; DT, destination therapy; EF, ejection  
fraction; CKD, chronic kidney disease; ECLS, extracorporeal life support; IABP, intra-aortic balloon pump.

Figure 1 Comparison of adverse clinical outcomes in patients 
with decrease vs. increase/no change in BNP levels. BNP, B-type 
natriuretic peptide.

Figure 2 Kaplan-Meier analysis for the combined end-point of 
all cause death or hospitalization at 180 days by BNP change 
(decrease vs. increase/no change) estimated at 90 days after LVAD 
implantation. Time point zero on the X-axis refers to 90 days 
post-implantation. BNP, B-type natriuretic peptide; LVAD, left 
ventricular assist device.
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risk for the group of patients with BNP decrease is seen 
approximately from day 140 post-implantation.

Discussion

BNP is released from ventricular myocardium as a response 
to volume expansion or pressure overload. It serves an 
important regulatory role by opposing vasoconstriction, 
sodium retention and antidiuretic effects of the activated 
renin-angiotensin-aldosterone system. BNP and the 
inactive fragment of its precursor molecule, amino-terminal 
pro-B-type natriuretic peptide (NT-proBNP), are strong 
predictors of clinical outcomes in patients with all heart 
failure stages and are the most widely applicable biomarkers 
in clinical practice (11,12). In our study cohort nearly 
all patients exhibited BNP values above the cut-off for 
chronic heart failure at baseline, as defined in the current 
guidelines (13). This reflects the advanced disease state of 
LVAD recipients, as well as the clinical profile of our study 
sample, which consisted mainly of patients in critical or 
declining disease status at the time of device implantation. 
Unsurprisingly, patients with higher BNP levels had a 
significantly lower cardiac index, as well as more severe 
renal impairment, as estimated by the GFR. As shown 
in previous studies, patients with chronic kidney disease 
exhibit elevated BNP levels, which is likely attributed to a 
multifactorial mechanism rather than a decreased passive 
renal clearance, but this fact does not significantly influence 
the prognostic performance of BNP in this subgroup of 
patients (14). With regard to the preponderance of patients 
with non-ischemic etiology of heart failure in the higher 
BNP tertile, it is possibly attributable to the specific profile 
of the study population and partially to the subgroup of 
patients with acute myocarditis, who received LVAD as a 
bridge to recovery due to refractory cardiac decompensation 
preoperatively.

Following LVAD implantation, a statistically significant 
reduction in BNP levels was observed at 90 days with a mild 
to moderate median change of −421 pg/mL. Nonetheless, 
follow-up BNP levels remained abnormal (>35 pg/mL) in 
all study patients and above 100 pg/mL in 91% of subjects. 
Older observational reports have demonstrated that BNP 
levels in peripheral circulation and BNP mRNA expression 
in myocardial tissue decrease after LVAD implantation and 
reach a steady state at approximately 1 to 3 months post-
implantation (3-7). These early studies have included small 
patient samples (n<40) receiving the previous generation 
pulsatile-flow devices, implanted as a short-term, bridging 

therapy. Additionally, the BNP changes were not related 
to long-term clinical outcomes and the magnitude of 
BNP reduction was not consistently reported. A recent 
study on 72 continuous-flow LVADs revealed that NT-
proBNP levels remained above the upper limit of normal 
at discharge in all patients and higher absolute levels were 
significantly associated with a complicated postoperative 
recovery up to discharge (8). The most comprehensive 
report on biomarkers in LVAD patients was recently 
published (9). The authors conducted a prospective study 
with serial measurements of heart failure biomarkers 
reflecting distinct pathophysiological pathways in 37 
patients. The study demonstrated that NT-proBNP, 
Galectin-3, copeptin, ST2, growth differentiation factor-15 
and C-reactive protein, but not neutrophil gelatinase 
associated lipocalin, substantially decreased after long-term 
LVAD support, compared to the preoperative levels, but 
remained highly abnormal and higher than the previously 
reported levels in patients with chronic heart failure. Our 
findings on the BNP dynamics after LVAD placement 
corroborate the results of these studies and deliver 
supporting evidence of a persistent dysfunction despite 
LVAD treatment. Regarding the nowadays universally 
implemented continuous-flow devices, these data suggest 
that the macrophysiological improvements achieved by 
LVAD support do not coincide with mitigation of key 
pathological changes on the molecular level. The persistent 
elevation of natriuretic peptides may have several causes. 
These include device related parameters (low speed setting, 
inflow obstruction or suction episodes, lack of pulsatility), 
concomitant valvular disease, the LVAD-associated chronic 
inflammatory response triggering BNP release, an under-
utilization of neurohormonal blockade in LVAD recipients 
or the fact that continuous-flow devices are associated 
with less mechanical unloading compared to the pulsatile  
pumps (15) .  Consequent ly,  targeted therapeut ic 
interventions have the potential to modify these persisting 
dysfunctions and may have an influence on clinical outcome 
or even improve the rates of myocardial recovery after 
LVAD support.

Serial assessments of BNP were previously shown to 
provide incremental data regarding the likelihood of an 
adverse outcome in patients with chronic heart failure (16).  
Our analysis revealed that absolute BNP values, as 
measured preoperatively and at 90-day follow-up, failed to 
predict adverse outcomes at 180 days post-implantation. 
In a previous study, serial BNP measurements were 
performed in 83 patients before LVAD implantation and 
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at 30, 60 and 90 days thereafter (10). The authors found 
that only the BNP levels at 60-days were associated 
with worse survival, as shown by univariate analysis. 
However, BNP did not preserve its prognostic accuracy 
in the multivariate analysis (HR: 1.00). This retrospective 
study included only 22% continuous-flow devices and 
performed a longer mean follow-up of 717 days compared 
to our study. Nearly 80% of the patients in our cohort 
exhibited a decrease in BNP levels, as measured 90 days 
after device placement. BNP decrease from baseline was 
not associated with reduced morbidity and mortality up 
to 180 days, compared to BNP increase. These results 
suggest that the predictive value of BNP is abolished 
in LVAD recipients. There may be several reasons for 
this. Firstly, LVAD therapy is accompanied by complex 
cardiovascular and systemic sequelae. The neurohormonal 
activation and its counter-regulatory pathways, such as 
those involving natriuretic peptides, may be altered under 
the continuous, non-pulsatile flow. Second, the current 
study consisted mainly of high risk, older individuals, 
70% of whom were non-eligible for bridging therapies, 
including a minority who received LVAD as a salvage 
treatment. Therefore, certain conditions, even of non-
cardiac origin such as multi-organ failure, or infections (17),  
may be the prevailing abnormalities affecting clinical 
outcomes in our population. Last, it is possible that a single 
heart failure biomarker may be only weakly associated with 
major adverse events in LVAD patients. A multimarker 
approach representing distinct biological pathways and end-
organ disease, such as markers of fibrosis, inflammation, 
renal, hematologic and hepatic function, may be superior to 
a single biomarker approach in this setting. 

The current study has the inherent limitations of 
a retrospective, single-center study. The sample size 
was relatively small and we studied one device type. 
The majority of patients were high-risk individuals, 
assigned to destination therapy and that is accompanied 
by an underrepresentation of the bridging therapies. 
Furthermore, data regarding concomitant medical therapy 
e.g. neurohormonal blockade, that may have an impact on 
BNP levels, were not available for analysis. Last, we studied 
a single biomarker, while NT-proBNP levels and other 
biomarkers were not consistently measured at follow up and 
were excluded from analysis. However, this is the first study 
to investigate the prognostic performance of BNP and its 
dynamic changes in a population treated exclusively with 
the new generation continuous-flow devices.

Our study delivers important evidence of ongoing 

abnormalities triggering BNP release after LVAD 
implantation. We found that BNP levels significantly 
decrease, but remain substantially high following device 
implantation. The predictive value of BNP for the 
composite of all-cause death or hospitalization in this 
population is abolished. These findings substantiate the 
need for further research to identify the mechanisms 
of disease progression. The complex pathophysiologic 
alterations following mechanical circulatory support may 
be better identified and treated by utilization of a multi-
marker approach, that integrates diverse pathophysiological 
pathways.
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