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Abstract

Background: Continuous-flow left ventricular assist devices (CF-LVADs) are an
established therapy for advanced heart failure. Thrombosis and hemorrhage are
common complications after CF-LVAD implantation, which may be explained by device-
induced platelet activation. Few data on the effect of CF-LVAD implantation on
platelets are available to date.

Obijectives: The aim of this study was to characterize the change in the platelet acti-
vation status after CF-LVAD.

Methods: Platelet phenotype and reactivity were determined with flow cytometry in
32 adults with end-stage heart failure before and 4 to 6 weeks after CF-LVAD im-
plantation. Sixteen adults with a biological aortic valve prosthesis (AVP) using the same
antiplatelet regimen were included to discriminate between the effects of CF-LVAD
and the antiplatelet regimen. Plasma markers for platelet activation were determined
with enzyme-linked immunosorbent assay.

Results: Median (IQR) plasma levels of soluble P-selectin increased from 115.6 (79.1-
142.7) ng/mL to 144.5 (100.4-197.5) ng/mL after CF-LVAD implantation (P < .001).
Median (IQR) p-thromboglobulin levels were 60.5 (37.8-81.5) ng/mL before implanta-
tion and remained high after LVAD implantation [60.0 (42.0-69.5) ng/mL]. The platelet
P-selectin expression after stimulation with ADP (30 and 60 uM) or PAR1-activating
peptide (12.5 and 25 pM) was reduced by 17% to 21%, and fibrinogen binding was
reduced by 37% to 86%. Platelet responses to agonists were similar in patients with a
CF-LVAD and patients with an AVP, except for fibrinogen binding in response to 12.5
pM PAR1-AP, which was lower in patients with a CF-LVAD (P < .001).

Conclusions: Combined, these data provide evidence for systemic platelet activation
and an acquired platelet disorder after CF-LVAD implantation. This might contribute to
the risk of both hemorrhage and thrombosis associated with CF-LVADs.

© 2023 The Authors. Published by Elsevier Inc. on behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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Essentials

« Limited data on platelet activation after left ventricular assist device implantation are available.

* We analyzed changes in platelet function after implantation of a left ventricular assist device.

« Implantation was associated with systemic platelet activation and reduced platelet reactivity.

« This might contribute to the increased risk of both bleeding and thrombosis after implantation.

1 | INTRODUCTION

Implantation of a continuous-flow left ventricular assist device
(CF-LVAD) is an established therapy in patients with end-stage heart
failure. With advances in device technology and improvements in
patient care, the average survival time for patients under permanent
CF-LVAD therapy approaches that of patients who receive a heart
transplantation. [1,2] However, thrombosis and hemorrhage
frequently occur after CF-LVAD implantation and contribute signifi-
cantly to morbidity and mortality. [3-7]

The CF-LVAD provides a prothrombotic environment that ex-
plains the observed thrombotic risk. Protein adsorption on the artifi-
cial surface of the CF-LVAD induces platelet adhesion, activation, and
aggregation. Simultaneously, contact activation on the artificial sur-
face initiates coagulation. Thrombin, the final enzyme of the coagu-
lation cascade, is also a potent platelet agonist. [8] Furthermore, the
CF-LVAD circulatory physiology results in increased shear stress,
which promotes platelet activation. [9,10]

The 2019 Expert consensus of the European Association for
Cardio-Thoracic Surgery recommends that all patients with a CF-
LVAD should be treated with both a vitamin K antagonist and a
platelet inhibitor, preferably aspirin, to mitigate the thrombotic risk
associated with the CF-LVAD. [11] Although the combination of ad-
vances in device technology and antithrombotic management has
decreased the incidence of pump thrombosis, the risk of thrombo-
embolism and clinically relevant bleeds remains high. [12]

Device-induced platelet activation despite antiplatelet therapy
may explain the increase in thrombotic risk associated with CF-LVAD
implantation. Conversely, low-grade platelet activation could result in
acquired platelet dysfunction and might explain the bleeding ten-
dency. Until date, limited data on the effect of CF-LVAD implantation
on platelet activation status are available. Some studies report a loss
of platelet receptors (GPlba, GPVI, and allbf3) or reduced platelet
reactivity toward agonists after implantation of a CF-LVAD in patients
who bleed. [13-15] However, the interpretation of data is hampered
by the use of antiplatelet drugs after CF-LVAD implantation, which
makes it difficult to discriminate between the effects of CF-LVAD and
the effects of the antiplatelet regimen.

Here, we performed a systematic analysis of the changes in platelet
activation status after implantation of a CF-LVAD in patients with end-
stage heart failure. Hereto, we analyzed plasma markers of platelet

activation and platelet phenotype and platelet reactivity toward ago-
nists before implantation and 4 to 6 weeks after implantation. To allow
the differentiation between the effects of aspirin and the CF-LVAD on
platelet phenotype and reactivity, we performed similar measurements
in patients receiving a biological aortic valve prosthesis (AVP), who also
received lifelong antiplatelet treatment after valve implantation.

2 | METHODS

2.1 | Healthy controls

Blood from healthy participants was obtained through a blood dona-
tion facility of University Medical Center Utrecht (UMCU). Healthy
controls provided written informed consent in accordance with the

declaration of Helsinki.

2.2 | Patients

We performed a single-center, prospective observational study among
patients with end-stage heart failure who received a CF-LVAD or a
biological AVP at the UMCU. Permission from the local medical ethics
review board was obtained, and all participants provided written

informed consent in accordance with the declaration of Helsinki.

2.2.1 | Patients with end-stage heart failure who
received a CF-LVAD

Patients (aged > 18 years) were eligible for inclusion if they were willing
and able to provide informed consent and were scheduled for an elec-
tive or urgent CF-LVAD implantation. Patients were excluded from this
study if they had a known coagulation disorder or if they had received
extracorporeal mechanical circulatory support before CF-LVAD im-
plantation to avoid confounding effects on coagulation markers. All
patients were routinely followed up in our clinic. During the study
period, our institutional anticoagulation protocol for CF-LVAD patients
included the administration of the platelet inhibitor aspirin (80-100 mg)
or clopidogrel (75 mg) on indication and a vitamin K antagonist, ace-
nocoumarol, or phenprocoumon, with a target INR of 2.0 to 3.0 after
implant for HM3 patients and 2.5 to 3.5 for patients with HVAD.
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2.3 | Platelet activation, platelet phenotype,
platelet responsiveness, and platelet reactivity

Platelet activation is associated with secretion of compounds from
storage organelles in the platelet and surface expression of P-selectin,
which can subsequently be cleaved from the platelet surface. Plasma
levels of these markers therefore reflect in vivo platelet activation.
Healthy controls were used to measure platelet activation status as a
control for patients with end-stage heart failure receiving a CF-LVAD.

To determine whether CF-LVAD implantation altered the
phenotype of circulating platelets, the surface expressions of the
collagen receptors a2p1 and GPVI, the fibrinogen receptor allbp3, and
the VWF receptor GPlba were analyzed in the absence of agonists.
Platelet responsiveness toward stimulation with an intermediate and
high concentration of either ADP (30 pM and 60 pM) or PAR1-AP
(12.5 pM and 25 pM) was assessed with flow cytometry before and
4 to 6 weeks after implantation of a CF-LVAD.

2.3.1 | Patients with aortic valve stenosis receiving a
biological AVP

To be able to discriminate between the effects of antiplatelet therapy
and CF-LVAD implantation in platelet reactivity, platelet responsive-
ness toward agonists was also investigated in patients with aortic
stenosis at 4 to 6 weeks after implantation of a biological AVP.

Patients (aged > 18 years) were eligible for inclusion if they were
willing and able to provide informed consent and were scheduled for
elective aortic valve replacement surgery. They were excluded from
this study if they had a known coagulation disorder. During the study
period, patients with a biological AVP received lifelong treatment with
the platelet inhibitor aspirin (80-100 mg).

2.3.2 | Study follow-up
Study follow-up consisted of 2 venipunctures, one between O and 8
days before implantation (t = 0) and one at 4 to 6 weeks after im-
plantation (t = 1). Blood was collected in trisodium citrate tubes and
used for flow cytometry within 1 to 6 hours after collection. The
remainder was centrifuged at 2000 g for 15 minutes to obtain plasma,
which was aliquoted and stored at —80 °C until use.

Baseline demographic data were collected from electronic patient
files. Baseline hemodynamic parameters in patients with a CF-LVAD

were obtained with echocardiography.

24 | Assays

24.1 | Flow cytometry

Whole blood was diluted at a ratio of 1:10 (v:v) in 10 mM HEPES, 150 mM
NaCl, 1 mM MgSQ,, and 5 mM KCI pH 7.4 containing fluorescent anti-

bodies, with or without platelet agonists. Platelet expressions of the
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fibrinogen receptor allbp3 (HIP8-PE; BD Biosciences), the von Willebrand
factor receptor GPIba (VhH clone 17-PE), and the collagen receptors a2p1
(AK7-FITC; BD Biosciences) and GPVI (HY 101-eFluor660; Thermo Fisher
Scientific) were measured in the absence of agonists. Platelet reactivity
toward adenosine diphosphate (ADP; 60 and 30 pM) and protease-
activated receptor (PAR)-1 agonist peptide SFLLRN (PAR1-AP; 25 and
12.5 uM) was assessed by measuring the platelet P-selectin expression
(VhH clone B10.6-alexa647) as a proxy for a-granule secretion and
fibrinogen binding (VhH clone C3-alexa488) as a proxy for allbp3 activa-
tion. The background signal was assessed with alexa647- and alexa488-
conjugated isotype control VhH (clone R2). Samples were incubated for
10 minutes at 37°C, fixated with 1.11% formaldehyde, 137 mM NaCl, 2.7
mM KCl, 1.12 mM NaH2P0O4, 10.2 mM Nay,HPQy,, 1.15 mM KH,POy4, and
4 mM EDTA, pH 6.8 for 20 minutes and stored in the dark at 4°C until
analysis on a BD FACSCantoll. Platelets were gated based on the forward
and side scatters, as well as the expression of GPlba (VhH Clone 17-RPE)
or allbp3. Fluorescent signals were expressed as median fluorescent in-

tensity after subtraction of the background signal.

2.4.2 | B-thromboglobulin (BTG; CXCL7) and soluble
P-selectin (sP-selectin; CD62P)

BTG levels were determined with enzyme-linked immunosorbent assay
as described. [16,17] Mouse anti-human-CXCL7 1gG1 (R&D systems; 1
pg/mL) or human P-selectin/CD62P coating antibody (R&D systems; 1
pg/mL) was coated on Nunc Maxisorp microtiter plates in 15 mM
Na,COa3, 35 mM NaHCOg, and 3 mM NaNg3, pH 9.6 o/n at 4°C. Plates
were blocked with 150 pL per well of 137.0 mM NaCl, 2.7 mM KCl, 9.2
mM Na,HPO,, and 1.8 mM KH,PO,, pH 7.4 (PBS) supplemented with
2% (w/v) bovine serum albumin (BSA). Plasma samples were diluted
either 160-fold (CXCL7) or 10-fold (CD62P) in PBS with 0.1% (w/v)
Tween-20 and 1% (w/v) BSA and incubated on the plate. Then, BTG was
detected with biotinylated goat anti-human CXCL7 antibodies (R&D
systems; 56 ng/mL) and streptavidin-HRP (Dako; 0.1 pg/mL), and
sP-selectin was detected with human P-selectin/CD62P capturing
antibody (R&D systems; 3.6 pg/mL) and streptavidin-HRP (Dako;
0.1 pg/mL). Plates were developed with TMB, after which colorimetric
reactions were stopped with H,SO, or Supersignal Westpico
Chemoluminescent Substrate (Thermo Scientific). Absorbance was
measured in a Versamax M2e microtiter plate reader (Molecular
Devices) at 450 nm. Luminescence was measured in a Spectramax M2e
microtiter plate reader. Plasma levels of BTG and sP-selectin were
deduced from a calibration curve with known levels and are expressed in
ng/ml. All samples were run in duplicates. The analytical coefficients of
variation (CV) were 10% for BTG and 11.8% for sP-selectin. The inter-
assay CVs were 6.1% for BTG and 6.3% for sP-selectin.

2.5 | Statistical analysis

The data are presented as medians and interquartile ranges. Differ-

ences between pre- and post-implantation levels of plasma markers
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were assessed with Wilcoxon's-signed rank test for non-normally
distributed values with a Holm-Sidak correction for multiple com-
parisons. Differences between patients and healthy controls were
analyzed with the Mann-Whitney U tests, as were the differences
between patients who received a CF-LVAD and patients who received
a biological aortic valve replacement. Differences were considered
statistically notable at P < .05.

3 | RESULTS

The study population comprised 40 adult patients who received a CF-
LVAD between September 2019 and July 2021. After exclusion of 8
patients (3 patients died before the second venipuncture could occur,
one patient declined further participation within the study before the
second venipuncture could occur, and 4 patients underwent a clinical
follow-up on remote due to COVID-19 (Coronavirus Disease 2019)
measure; therefore, the second venipuncture could not occur within the
clinic), 32 patients were eligible for further analysis (Table). Thirty pa-
tients received a HeartMate 3 (HM3, Abbott laboratories) and 2 pa-
tients received a HeartWare (HVAD, HeartWare Inc). The median age at
CF-LVAD implantation was 57.0 years, and 24/32 (75.0%) patients were
men. Three patients received antiplatelet therapy before CF-LVAD im-
plantation. In the postoperative course, transfusion requirements and
postoperative blood loss were similar for all patients. Patients received
mechanical ventilation for 2 days (median, IQR 1-5 days) and stayed in
the intensive care unit for 3 days (median, IQR 2-5 days).

During the 4- to 6-week follow-up after CF-LVAD implantation,
one patient (3.1%) experienced recurrent episodes of epistaxis. Because
of the severity of the bleeding events, aspirin therapy was discontinued,
and treatment in the operation room performed by the otolaryngology
specialist was necessitated. All patients had a normal platelet count
before CF-LVAD implantation (median 203, IQR 169-253 x 10%/L),
which increased after implantation (median 351; IQR 273-412 x 10%/L)
(P = < .001), but remained within the normal range (150-450 x 10%/L).

Sixteen patients who received a biological aortic valve prostheses
between September 2019 and January 2021 were included. The
median age at aortic valve implantation was 67.0 years, and 7/16
(43.8%) patients were men. Five patients received additional coronary
bypass grafting during the same operation procedure. Twelve patients
received aspirin treatment, 3 patients received aspirin in combination
with a factor X inhibitor, and one patient received aspiring together

with a factor Il inhibitor.

3.1 | Evidence for systemic platelet activation after
LVAD implantation

At baseline, patients with end-stage heart failure had elevated levels
of alpha granule protein PTG (median 60.5, IQR 37.8-81.5 ng/mL)
compared with healthy controls (median 11.4, IQR 5.5-17.2 ng/mL)

TABLE Baseline characteristics of patients with end-stage heart
failure undergoing LVAD implantation.

Patients with end-stage

heart failure (n = 32)
Age, median years (IQR) 57 (44-64)
Men, n (%) 24 (75.0)

BMI, median kg/m? (IQR) 25.3 (22.7-29.4)

Race

White 32 (100.0)
Etiology

Ischemic cardiomyopathy, n (%) 8 (25.0)

Non-ischemic cardiomyopathy, n (%) 24 (75.0)
INTERMACS, n (%)

Level Il: Progressive decline 6 (18.7)

Level IlI: Stable but inotrope 10 (31.3)

dependent

Level IV: Recurrent advanced HF 11 (34.4)

Level V: Exertion intolerant 4 (12.5)

Level VI: Exertion limited 1(3.2)
Medical history, n (%)

Hypertension 8 (25.0)

Atrial fibrillation 10 (31.3)

Peripheral arterial disease 1(3.2)

Cerebral vascular accident 4 (12.3)

Pulmonary embolism 3(9.4)

Deep venous thrombosis 3(9.4)

ICD 23 (71.9)
Implanted LVAD type, n (%)

HeartMate 3 30 (93.7)

HeartWare 2 (6.3)
Antithrombotic therapy prior to LVAD

implantation, n (%)

Aspirin 2 (6.3)

Clopidogrel 1(3.1)

Vitamin K antagonist 10 (31.3)

Factor X inhibitor 10 (31.3)

Factor Il inhibitor 1(3.2)
Antithrombotic therapy post LVAD

implantation, n (%)
Vitamin K antagonist + aspirin 30 (92.7)
Vitamin K antagonist + clopidogrel 2 (6.3)

BMI, body mass index; CABG, coronary artery bypass grafting; ICD,
implantable cardioverter defibrillator; HF, heart failure; INTERMACS,
Interagency Registry for Mechanically Assisted Circulatory Support;
LVAD, left ventricular assist device.
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FIGURE 1 Plasma levels of platelet activation markers before and after implantation of a CF-LVAD Plasma levels of platelet activation
marker p-thromboglobulin (A) and soluble P-selectin (B) were measured in the plasma samples from patients with end-stage heart failure before
(pre) and after (post) LVAD implantation (n = 32) and in healthy controls (HC, n = 28) with enzyme-linked immunosorbent assay. Data are
presented as median and interquartile ranges. BTG, p-thromboglobulin; sP-selectin, soluble P-selectin

(P < .001) (Figure 1A). Plasma levels of BTG did not change after
CF-LVAD implantation and remained high after 4 to 6 weeks (median
60.0, IQR 42.0-69.5 ng/mL) (P = .49). Median baseline sP-selectin
plasma levels in patients with end-stage heart failure (115.6, IQR
79.1-142.7 ng/mL) were similar to levels in healthy controls (median
87.1, IQR 49.9-141.5 ng/mL) (P = .80). After CF-LVAD implantation,
sP-selectin plasma levels were increased compared with baseline
(median 144.5, IQR 100.4-197.5 ng/mL) (P < .001) and higher than
that in healthy controls (Figure 1B) (P = .007). These data are in line

with continuous platelet activation after LVAD implantation.

3.2 | Expressions of platelet GPVI, allbp3, and
GPlba are reduced after CF-LVAD implantation

Expression of a2B1 slightly changed after CF-LVAD implantation
(median decrease 10%; IQR 0-27, P = .05), whereas the decrease of
GPVI expression was more pronounced (median decrease 15%; IQR
5-26, P = .001). A similar decrease was observed for the expression of
allbB3, which decreased by 24% (IQR -1-37%, P = .004) after im-
plantation and GPlba, which decreased by 17% (IQR 3-27, P < .001)
after implantation (Figure 2).

3.3 | Platelet reactivity toward PAR1-AP is reduced
after CF-LVAD implantation

After LVAD implantation, P-selectin expression in response to platelet
stimulation was reduced by 21% (IQR 2-37) for 30 yM ADP (P <.001), 16%
(IQR 1-33) for 60 pM ADP (P = .004), 18% (IQR 3-35) for 12.5 M PAR1-
AP (P=.004),and 17% (IQR 4-21) for 25 M PAR1-AP (P = .004) compared
with responses before implantation (Figure 3A). P-selectin expression af-
ter biological aortic valve implantation was similar compared with re-

sponses after CF-LVAD implantation, suggesting that this observed

change in P-selectin expression after CF-LVAD implantation reflects an-
tiplatelet therapy. Fibrinogen binding after platelet stimulation was
reduced by 40% (IQR 30-56) for 30 uM ADP (P < .001), 37% (IQR 9-55) for
60 uM ADP (P < .001), 86% (IQR 71-92) for 12.5 PAR1-AP (P < .001), and
37% |(IQR 15-54) for 25 pM PAR1-AP (P < .001) compared with responses
before implantation (Figure 3B). Responses toward ADP after CF-LVAD
implantation were similar to responses in patients who received a bio-
logical aortic valve. However, although fibrinogen binding after stimulation
with an intermediate dose of PAR1-AP was almost absent after CF-LVAD
implantation, fibrinogen binding was much higher after aortic valve im-
plantation (P < .001). No differences in fibrinogen binding were observed
after stimulation with a high dose of PAR1-AP.

4 | DISCUSSION

This study provides evidence of systemic platelet activation after CF-
LVAD implantation despite antiplatelet therapy. Our data indicate the

0.05 0.001 0.004 <0.001
g | — [ | — [
=
< 10000
°
[7]
=+ +=
o
3 1000
5
i) T f [ Pre LVAD implantation
é " [ Post LVAD implantation

100

a2p1 GPVI allb3 GPlba

FIGURE 2 Surface expression of platelet receptors before and
after implantation of a CF-LVAD Platelet surface expression of the
collagen receptors a2pland GPVI, the fibrinogen receptor allbf3,
and the Von Willebrand receptor GPlba was measured in the
absence of platelet agonists in whole blood before and 4 to 6 weeks
after CF-LVAD implantation with flow cytometry (n = 32). Data are
presented as median and interquartile ranges. MFI, median
fluorescent intensity
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FIGURE 3 Change in platelet reactivity after implantation of a CF-LVAD or a biological aortic valve prosthesis Platelet reactivity toward
the agonists ADP (30 and 60 uM) and PAR1-AP (12.5 and 25 pM) was analyzed in whole blood before implantation of a CF-LVAD and 4 to 6
weeks thereafter (n = 32) with flow cytometry measuring P-selectin expression (A) or fibrinogen binding (B). Platelet reactivity at 4 to 6 weeks

after implantation of a biological aortic valve prosthesis (n = 16) was used
and interquartile ranges. MFI, median fluorescent intensity

elevated plasma levels of BTG and sP-selectin after LVAD implantation,
which coincided with a reduced expression of platelet surface markers
and a more severe reduction in platelet reactivity toward PAR1-AP
than can be explained by antiplatelet therapy. Combined, our data
suggest that the implantation of a CF-LVAD causes low-grade platelet
activation, which leads to acquired platelet dysfunction.

Our data indicate that BTG levels were already elevated in pa-
tients with end-stage heart failure before CF-LVAD implantation.
Dilated cardiomyopathy is associated with abnormal rheology in the
heart due to the dilated left ventricle. This causes stasis and the for-
mation of intracardiac thrombi [18,19], which might explain this
observation. Although stasis is resolved after CF-LVAD implantation,
platelets are subsequently exposed to device-induced shear stress,
causing shear-induced platelet activation. The observed sustained
elevation of BTG levels and the increase in sP-selectin levels after
implantation fit with the notion of shear-induced platelet degranula-
tion and receptor shedding. [20] Our data fit well with other reports of
platelet activation after CF-LVAD implantation. Several studies have
reported elevated BTG levels [21,22] or sP-selectin levels after LVAD
implantation. [21,23,24]

as a control for antiplatelet therapy. Data are presented as median

The analysis of changes in platelet reactivity in patients who
receive intracardiac implants is hampered by the antiplatelet therapy
necessary to prevent thromboembolism after implantation of such
devices. Our data indicate that both P-selectin expression and
fibrinogen binding on platelets in response to agonists decreased after
CF-LVAD implantation, which might reflect both antiplatelet therapy
and device-associated effects. To be able to differentiate between
these 2 causes, we analyzed platelet reactivity in a cohort of patients
who received a biological aortic valve and a similar antiplatelet
regimen. Our data indicate that most of the observed changes in
platelet reactivity are similar after implantation of either a CF-LVAD
or a biological heart valve, suggesting that these changes are associ-
ated with antiplatelet therapy. Nevertheless, fibrinogen binding in
response to stimulation of the thrombin receptor PAR-1 was 4-fold
lower in patients with a CF-LVAD than in patients with a biological
aortic valve, providing evidence for platelet dysfunction that cannot
be explained by antiplatelet therapy alone.

Our data are in line with the reported changes in platelet reac-
tivity toward PAR1-AP after exposure of platelets to high shear

conditions. [20] We hypothesize that shear-induced platelet activation
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“exhausts” the platelet storage pool, leading to the reduced granule
content. As the activation of the fibrinogen receptor allbf3 after
stimulation of PAR-1 requires co-stimulation by ADP [25] secreted
from these granules, this might explain the observed decrease in
reactivity toward PAR1-AP. Further studies are required to determine
the mechanism behind the reduced platelet reactivity after CF-LVAD
implantation.

Loss of platelet surface receptors has been linked to non-surgical
bleeding in patients with a CF-LVAD. [13-15] In addition to the evi-
dence of shedding of GPlba, allbp3, and GPVI, our data show reduced
platelet reactivity toward agonists, offering an additional explanation
for hemorrhage risk in patients with a CF-LVAD.

The strength of this study is the inclusion of patients in a stable
condition, thus not in the midst of acute thrombosis or a bleeding
complication that could influence platelet function. The monocentric
design and the limited size of our patient cohort with a relatively short
follow-up of 4 to 6 weeks are the limitations of our study. We cannot
fully exclude type 1 errors because of the relatively small sample size.
Sample collection was not performed at the same time of the day for
all participants. Although we are not aware of diurnal variation in any
of the laboratory markers, we cannot exclude this contributing to the
variability between subjects. Moreover, we cannot exclude shear-
dependent effects of the prosthetic valve on platelet reactivity,
potentially leading to reduced platelet reactivity in the control group.
This might have caused an underestimation of the effects of LVAD
implantation on platelet reactivity. In addition, all but 2 patients with
heart failure who were included in our study received an HM3.
Although platelet reactivity was similar in patients with an HVAD and
an HMS, it remains to be determined whether our data also applied to
patients with a HVAD. Another potential limitation is the lack of racial
heterogeneity, which might affect the generalizability of our results to
a wider population. We cannot exclude that responses to intravascular
medical devices differ between the White European population of our
study and other racial and ethnic groups.

Despite these limitations, our data clearly provide evidence of
chronic platelet activation in response to the LVAD and altered blood
hemodynamics, which might result in an elevated risk of thrombosis
and bleeding complications.

The current ARIES HM3 trial [26], an international, randomized,
controlled trial, investigates whether aspirin may be removed safely
from the antithrombotic regimen with the HM3 in an effort to reduce
bleeding complications. Considering the evidence of shear-induced
blood platelet disorder provided by our study, it remains to be
determined whether the omission of aspirin from the antithrombotic
regimen in patients with a CF-LVAD will mitigate the hemorrhage risk.
The reduced platelet reactivity we observed in the peripheral blood
likely reflects increased platelet activation within the CF-LVAD de-
vice, which could also contribute to the increased risk of thrombosis
associated with CF-LVAD-implantation. One might argue that
increasing the dose of antiplatelet therapy rather than reducing an-
tiplatelet therapy might be required to reduce the bleeding risk owing
to shear-induced acquired platelet dysfunction and thrombotic risk
due to platelet activation within the CF-LVAD.
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In conclusion, these data provide evidence for shear-induced
platelet activation during CF-LVAD therapy and reduced platelet
reactivity toward PAR1-AP after CF-LVAD implantation, which cannot
be explained by antiplatelet therapy alone. We hypothesize that
shear-induced platelet activation “exhausts” the platelet storage pool,
leading to reduced granule content. The resulting blood platelet dis-
order may contribute to both the increased hemorrhage risk and the

risk of thrombosis associated with CF-LVAD implantation.
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