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Summary
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Left ventricular assist devices (LVAD), currently used in treatment
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of terminal heart failure, are working on principle of rotary pump,
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which generates continuous blood flow. Non-pulsatile flow is
supposed to expose endothelial cells to high stress and potential

Introduction

damage. Therefore, we investigated longitudinal changes in
concentration of circulating endothelial microparticles (EMP) as
a possible marker of endothelial damage before and after
implantation of LVAD. Study population comprised 30 patients
with end-stage heart failure indicated for implantation of the
Heart Mate II LVAD. Concentrations of microparticles were
measured as nanomoles per liter relative to phosphatidylserine
before and 3 months after implantation. At 3 months after
implantation we observed significant decrease in concentration of
EMP [5.89 (95 % CI 4.31-8.03) vs. 3.69 (95 % CI 2.70-5.03),
p=0.03] in the whole group; there was no difference observed
between patients with ischemic etiology of heart failure (n=18)
and with heart failure of non-ischemic etiology (n=12). In
addition, heart failure etiology had no effect on the rate of EMP
concentration

decrease

with

time.

These

results

indicate

possibility that LVAD do not cause vascular damage 3 months
after implantation. Whether these results suggest improvement
of vascular wall function and of endothelium is to be proved in
long-term studies.
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Use of continuous left-ventricular assist devices
(LVAD) for partial or full support of failing heart have
become an important and, at this time, also leading
therapeutic option for patients with end-stage heart failure
of different etiologies along with heart transplantation
(Kirklin et al. 2014).
Currently, LVAD are mostly used as a bridge
to heart transplant, but the lack of donor organs and also
design advancements and increasing reliability of
LVAD are widening possibilities of long-term use of
these pumps. In the past few years application of
mechanical circulatory support continues to rise as
permanent therapy/destination therapy. Of interest, in
the United States, in 2012 more than 40 % of implants
have been designated to destination therapy (Kirklin et
al. 2014).
Eligibility of long-term use of LVAD was
mainly influenced by design advancements. Firstgeneration pulsatile LVAD had higher complication rate
than the latest generation of ventricular assist devices
working on the principle of rotary pump with continuousflow (Pagani et al. 2009, Slaughter et al. 2009).
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Generally it is assumed that the presence of nonphysiological continuous blood flow leads to higher
stress of endothelial cells, and rises a concern of
proatherogenic
and
prothrombotic
changes
in
endothelium. Surprisingly, this flow pattern of
significantly diminished pulsatility is well tolerated in
short- and mid-term (Rogers et al. 2010).
Studying long-term use of LVAD offers genuine
opportunity of more complex understanding of vascular
changes in patients with LVAD and revelation of impact
of continuous blood flow on endothelial function.
Vascular endothelium plays key role in arterial wall
integrity and blood flow regulation (Cines et al. 1998)
and recent studies showed that damage of endothelium
cells, their activation and/or apoptosis leads to release of
newly detectable biomarkers related to endothelial injury
– a complex submicron membrane-shed vesicles called
endothelial microparticles (EMP) (Schiro et al. 2014).
Microparticles are anuclear fragments of cellular
membrane shed from stressed or damaged cells, with
a diameter of 0.1 to 1.0 µm. They contain surface
proteins and cytoplasmic material of their parental cells
(Burger et al. 2012).
As possible end products of apoptosis of
endothelial cells, circulating microparticles can act as
a strong disregulators of endothelial function (DignatGeorge et al. 2011). The production of microparticles is
believed to be a part of normal cell function but elevation
of EMP in coronary artery disease (Bernal-Mizrachi et al.
2004, Singh et al. 2012), stroke (Williams et al. 2007) and
in carotid artery disease (Schiro et al. 2014), was well
described in several studies and therefore microparticles
may be associated with increased risk of major
cardiovascular complications (Bernal-Mizrachi et al.
2004).
All these studies were performed in patients with
physiological pulsatile flow, and only sparse data are
available regarding the role of new potential prognostic
cardiovascular risk factor – circulating EMP in patients
with end-stage heart failure with continuous-flow LVAD.
Almost no data are available describing effect of these
devices on EMP in short and long-term perspective.
Therefore, the aim of our study was to assess the effect of
the mechanical circulatory support on the concentration
of circulating EMP after 3 months. In addition, we
analyzed whether this effect is different according to
etiology of heart failure leading to implantation of
LVAD.

Methods
All the patients included in the study underwent
LVAD implantation due to end-stage heart failure and
received axial continuous-flow device – HeartMate II
(Thoratec Corp., Pleasanton, California). LVAD was
implanted via sternotomy in standard fashion as a bridge
to heart transplant in all patients.
Heparin bridge has been implemented in all
procedures until target anticoagulation with warfarin has
been reached. After implantation, the aim of
anticoagulation therapy was to reach international
normalized ratio of 1.8-2.2; in patients with
trombophilias it was 2.5-3.
Blood samples were collected from peripheral
vein during 24-48 h before and 3 months after
implantation. Circulating EMP were measured in an
audited lipid laboratory under continuous external quality
control of CDC Atlanta, USA. The concentration of EMP
was determined by ELISA Zymutest MP activity
test (Hyphen Biomed, France) according to the
methodology established previously (Slavik et al. 2010)
and expressed as nanomoles per liter relative to
phosphatidylserine (nM PS). The microparticles were
measured in duplicate and the mean of two measurements
was used for further analyses.
Prior to procedure, all patients with ischemic
heart disease as a cause of heart failure (IHD) were
treated with acetylsalicylic acid and statins in contrast to
patients with non-ischemic etiology of heart failure
(non-IHD). Of note, acetylsalicylic acid has not been
administered as a part of antithrombotic regimen.
Institutional ethics committee approval has been
obtained prior to the study initiation and all participants
provided their signed informed consent.
Data are expressed as mean ± SD, median
(interquartile range-IQR), estimated marginal mean
(95 % confidence interval) or number (percentage).
Differences between IHD and non-IHD group were
analyzed using unpaired t-test in the case of continuous
variables and Fischer exact test in the case of categorical
variables. In graph estimated marginal mean and standard
error of the mean (SEM) is plotted. Longitudinal changes
in EMP number were analyzed using generalized linear
mixed-effect regression model. In this model intercept
was treated as a random factor, while time, heart failure
etiology and the interaction term between time and
etiology, age and gender were treated as fixed factors.
Because EMP concentration was right-skewed, we used
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gamma regression (Fitzmaurice et al. 2008). Calculations
were done using SPSS 21 (IBM Corporation, NY, USA)
and STATA. A two-sided p-value <0.05 was considered
statistically significant.

Results
A total of 30 patients, 25 males and 5 females
were included into the 3 month prospective study. Mean
age of participants was 54.16±10.03 years. Eighteen
patients were diagnosed with IHD and 12 with non-IHD
as a cause of heart failure. Their baseline data are listed in
Table 1. We did not find any significant difference
between both groups in age, representation of
men/women or brain natriuretic factor (BNP) before
implantation. The reason of non-significant difference
between men and women was caused by a small number
of patients in investigated group.
Table 1. Baseline values of selected characteristics of patients
treated by left ventricular assist device.

Ischemic
etiology of
heart
failure
N
Age (years)
Men/women (n)
Current
smokers (n)
BNP before
implantation of
LVAD (ng/l)

18
54.7 ± 7.99
17/1
0

Nonischemic
p-value
etiology of
heart failure
12
53.33 ± 13.20 0.36
8/4
0.128
0
1.0

1411 ± 1422 1473 ± 867
(n=15)
(n=11)

0.99

Results are expressed as mean ± SD if not stated differently.
LVAD – left ventricular assist device; BNP – Brain Natriuretic
Peptide.

In the whole group, we observed a significant
decrease of circulating EMP before the implantation of
LVAD and three months after the procedure [5.89 (95 %
CI 4.31-8.03) and 3.69 (95 % CI 2.70-5.03), p=0.03]
(Fig. 1).
Subsequently we analyzed patients with IHD
and non-IHD separately, using generalized linear mixedeffect regression model. Prior to implantation,
concentrations of circulating EMP in patients with IHD
were not significantly different from patients with
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non-ischemic etiology of heart failure [5.33 (95 % CI
3.60-7.89) and 6.51 (95 % CI 4.02-10.53), p=0.53].
In addition, using this model, heart failure etiology had
no robust effect on the rate of decrease of EMP
concentration after LVAD implantation (p=0.75).
Furthermore, we did not observe any effect of age
(p=0.72) or gender (p=0.90) on the rate of decrease of
EMP concentration.

Fig. 1. Concentration of circulating endothelial microparticles
before and after implantation of left ventricular assist device
(LVAD).

Discussion
In our study we demonstrated that implantation
of LVAD led to significant decrease of EMP during
3 months. Additional finding was that this decrease was
not different in patients with IHD and non-IHD as a cause
of heart failure. Recent study expands our previous pilot
study conducted in 8 male patients (Pitha et al. 2012),
where no significant effect of LVAD on concentration of
circulating EMP was described, probably due to low
number of participants.
To our knowledge only two other studies were
focused on EMP during LVAD therapy. In recent study
EMP were correlated with clinical complications in
20 patients with LVAD, and significant association
between microparticles levels and subsequent clinical
events was observed, levels of microparticles were
significantly higher in patients who developed an adverse
event than in patients with no events (Nascimbene et al.
2014). In another study, levels of microparticles were
significantly increased in patients with LVAD compared
to healthy controls (Diehl et al. 2010).
Miniaturized, both axial and centrifugal,
mechanical ventricular assist devices have demonstrated
in last decade undisputable benefit in treatment of
patients with end-stage heart failure. Nevertheless, an
impact of generated continuous blood flow pattern on
vasculature and endothelial cells is not yet clear. It is
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generally assumed, that non-pulsatile flow could exert
negative impact on vascular wall and endothelium and
may damage endothelial cell membrane and as a result
leads to release of endothelial microparticles.
Measurement of concentrations of circulating EMP may
therefore help to predict endothelial function and may
serve as an important biomarker.
Our longitudinal study demonstrates statistically
significant decrease in concentration of EMP in patients
with end-stage heart failure three months after
implantation of continuous LVAD. This finding may
suggest improvement of endothelial function of patients
on LVAD. Another potential explanation for significant
drop of EMP concentration is an improvement of organ
perfusion and microcirculation by restoration of adequate
systemic output leading to improved status of vasculature
in general.
Intensive research of EMP and their function in
several cardiovascular pathophysiological processes and
also their potential role as biomarkers was conducted in
recent years. Despite this fact more analyses are required
to establish precise and standardized methods for clinical
use of parameters of these EMP and to determine whether
their function could be modified to improve prognosis of
our patients.
Certain limitation of our study is possible
heterogeneity of EMP and still discussed doubts
regarding their origin. Therefore, it is still not clear if

EMP really reflect only endothelial damage; however,
their detrimental effect was already demonstrated in
several studies (Singh et al. 2012, Schiro et al. 2014).
Therefore, results of this study indicate that use of
continuous flow LVAD does not exhibit detrimental
effect to the endothelium in a short term. Nevertheless,
additional long-term observations of the EMP dynamics
are needed to clarify a chronic effect on microvasculature
and endothelial damage. Moreover, correlations with
clinical parameters and outcomes are desirable in order to
elucidate potential predictive role of EMP as a biomarker
of device related adverse events.
In conclusion, in a short term, LVAD exerted
rather favorable effect on the vasculature, defined as
decreasing
number
of
circulating
endothelial
microparticles. If this effect is sustained for longer
periods must be confirmed in longer longitudinal studies.
Nevertheless, based on our recent results this laboratory
method might compensate for some technical problems
encountered in examination of the status of the
vasculature in patients with LVAD.
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