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Introduction: The structural integrity of platelet receptors is essential for platelets to function normally in hemo-
stasis and thrombosis in response to physiological and pathological stimuli. The aim of this study was to examine
the shedding of two key platelet receptors, glycoprotein (GP) Ibac and GPVI, after exposed to the non-
physiological high shear stress environment which commonly exists in blood contacting medical devices and
stenotic blood vessels.

Materials and Methods: In this in vitro experiment, we exposed healthy donor blood in our specially designed blood
shearing device to three high shear stress levels (150, 225, 300 Pa) in combination with two short exposure time
conditions (0.05 and 0.5 sec.). The expression and shedding of platelet GPIba and GPVI receptors in the sheared
blood samples were characterized using flow cytometry. The ability of platelet aggregation induced by ristocetin
and collagen related to GPIba and GPVI in the sheared blood samples, respectively, was evaluated by aggregometry.
Results and Conclusions: Compared to the normal blood, the surface expression of platelet GPIbaw and GPVI in the
sheared blood significantly decreased with increasing shear stress and exposure time. Moreover, the platelet
aggregation induced by ristocetin and collagen reduced remarkably in a similar fashion. In summary non-
physiological high shear stresses with short exposure time can induce shedding of platelet GPIbac and GPVI
receptors, which may lead platelet dysfunction and influence the coagulation system. This study may provide a
mechanistic insight into the platelet dysfunction and associated bleeding complication in patients supported by

Keywords:

Shear stress

Platelet receptor shedding
Platelet dysfunction

Platelet aggregation

Blood contacting medical devices

certain blood contacting medical devices.
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Introduction

Cardiovascular disease is the largest cause of global death. Heart
failure (HF) affects more than 5 million Americans and contributed to
274,601 deaths in 2009. In spite of medical advances near 50% diag-
nosed HF patients will succumb by 5 years. The annual expenditure
on HF in the US is daunting $34.4 billion [1]. In order to treat the cardio-
vascular disease, significant progress in the development and use of
prosthetic cardiovascular devices has been made in the past decades.
Ventricular assist devices (VADs) are one of the cardiovascular devices
and have emerged as a standard therapy for patients with advanced
HF waiting for heart transplant or a bridge to myocardial recovery.
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Recent advance has enabled VADs to be used as a permanent therapy
for life extension in HF patients who are not heart transplant candi-
dates [2-4]. Unfortunately, device-related thrombotic and bleeding
complications remain the major obstacles for this technology to be
accepted widely for improvement of quality of life in millions of HF
patient [5,6]. Many investigations have been carried to understand
device-induced platelet activation and coagulation system alteration
associated with the use of VAD in patients, which are closely related to
thrombotic events [ 7-9]. Because of thrombotic risk, patients implanted
with VADs take the anti-coagulated drugs, which may tilt hemostatic
balance towards bleeding in these patients [10,11]. Two major types
of VADs, pulsatile-flow and continuous-flow (CF), have been used in
clinics [12]. It has been reported that patients with CF-VADs experienced
higher rate of bleeding than those with pulsatile-flow devices although
anticoagulation was not different among these two groups of patients.
We believe that the increased bleeding risk in patients supported with
CF-VADs is associated with the unique high shear stress environment
in contemporarily available CF- VADs which has been reported in the
literature when compared to pulsatile VADs [10,13-20].

Platelets are anucleate blood cells that play a critical role in hemosta-
sis. At the site of vascular injury, the subendothelial layer of matrix
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proteins, specifically Von Willebrand factor (VWF) and collagen, are ex-
posed to blood. The exposed vVWF and collagen activate the platelet ad-
hesion receptors glycoprotein Iba (GPIbat), which belongs to the GPIb-
[X-V complex with VWF binding, and glycoprotein VI (GPVI), which is
a crucial platelet receptor for collagen binding [21,22]. Both the activa-
tion pathways trigger intracellular signaling cascades leading to final
platelet aggregation to form a primary hemostatic plug to stop bleeding.
The shedding of these two key receptors would lead the platelet dysfunc-
tion and affect hemostasis [23-26]. Receptor shedding is a mechanism
for irreversible removal of transmembrane cell surface receptors by pro-
teolysis of the receptor at a position near the extracellular surface of the
plasma membrane. This process generates a soluble ectodomain frag-
ment and a membrane-associated remnant fragment, and is distinct
from loss of receptor surface expression by internalization or microparti-
cle release or secretion of alternatively spliced soluble forms of receptors
lacking a transmembrane domain. Platelet receptor shedding provides a
mechanism for down regulating surface expression resulting in loss of li-
gand binding, decreasing the surface density affecting receptor cross
linking and signaling, and generation of proteolytic fragments that may
be functional and/or provide platelet-specific biomarkers.

Previous investigations had shown that platelet GPIbat and GPVI could
be shed by the shear stress with very long exposure times [27,28]. The
cone-plate viscometers were used to in these studies to expose platelets
to shear stress for extended duration. The levels of shear stresses were
relatively low and exposure time was long. The relevance of the results
from these studies to CF-VAD:s is limited. In some regions of a typical
CF-VAD, blood would experience shear stresses higher than 100 Pa
(1000 dyne/cm?) with very short exposure time less than 1 sec [16,29].
No studies have been conducted to investigate the impact of the higher
shear stress and shorter exposure time conditions in these ranges on the
shedding of the two functional platelet receptors GPIba and GPVI, and
their aggregation potential upon stimulation by ristocetin and collagen.

We believe that shear induced hemostatic dysfunction imparted
by the non-physiological high mechanical shear of high speed rotary
CF-VADs, especially the shedding of platelet receptors (GPIba and
GPVI) may be responsible for the morbid bleeding, which is the most
common postoperative complication after VADs implantation and a
leading manifestation of the disordered coagulation [30-32]. In order
to test our hypothesis, an experiment was designed to investigate the
shedding of GPIba and GPVI under high shear stress and short exposure
time conditions. During the present study, the blood draw from the
donor would be shed by a novel blood-shearing device which could
create flow conditions with high shear stress and short exposure time.

Materials and methods
Blood-shearing device
The Blood-shearing device used in this experiment was an axial

flow-through Couette device adapted from the adult Jarvik 2000 blood
pump (Jarvik Heart, Inc., New York, NY, USA). In this device, the shape
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of the inner rotor is a spindle which is supported by a pair of tiny pin-
bearings and could rotate between 8000 and 12 000 rpm and there is
a narrow gap with a uniform width of 100 um between the inner rotor
and the outer housing (shown in Fig. 1). The detail design of this device
could be found in the reference [33]. For a fluid with typical viscosity of
0.0036 Pa - s, a uniform shear region with the corresponding shear
stress between 117 and 338 Pa could be created using this device. As
shown in Fig. 1, during the experiment, a syringe pump (PHD 2000,
Harvard Apparatus, Holliston, MA) was connected with the blood-
shearing device and the whole blood was pressure-driven to pass
through the narrow gap in the axial direction, which could be used to
control the shearing exposure time of blood. Therefore, the high shear
stress and short exposure time could be created by adjusting the spindle
rotor speed and the axial flow rate. Also, it should be mentioned that,
the shear stress in the other region of this device might had some influ-
ence on blood, but it could be negligible. Our early computational fluid
dynamics analysis showed that the shear stress in the other region was
much smaller than that in the narrow gap region [33].

Experimental procedure

Nine healthy human blood donors were recruited to participate
in the present study. All the donors gave informed consent and did
not take aspirin or other platelet active medication 10 days prior to
the blood donation. The blood collection was carried out in accordance
to the protocol approved by the Institutional Review Board of the
University of Maryland, Baltimore. Fresh blood drawn from these
donors mixed with anticoagulant acid citrate dextrose (ACD-A) with
the volume ratio of 9 to 1.

Before each experiment, the viscosity of the blood preparation was
measured by semi-micro viscometers (Cannon Instrument Company,
State College, PA). The rotational speed of spindle rotor and the axial
flow rate were decided by the expected shear stresses and exposure
times respectively [33]. During the experiment, a baseline blood sample
was collected at the inlet of the shearing device and used as the control
sample for comparison with the sheared blood samples. Three levels of
high shear stresses (150, 225, 300 Pa) and two different short exposure
times (0.05 and 0.5 sec.) were chosen in the present study [19,34]. For
each condition with a combination of shear stress and exposure time,
the sheared blood sample was collected from the sample outlet of the
device. For each condition, the blood shearing experiments would be re-
peated for nine times. After all the samples were collected, the shedding
of platelet receptors GPIbaw and GPVI of the baseline and sheared blood
samples was measured with flow cytometry. In parallel, the ristocetin
and collagen induced platelet aggregation of these blood samples
were quantified with whole blood aggregometry.

Flow cytometric assays of shedding of platelet GPIbax and GPVI receptors

The shedding of platelet receptors GPIba and GPVI in the blood sam-
ples after exposed to the non-physiological shear stress conditions was

| Blood-shearing device
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Fig. 1. The sketch of Blood shearing system; it is consist of syring pump used to control the flow rate, syring, tubing, blood shearing device including 100 pm narrow gap between the inner
rotor and the outer housing, blood sample taking inlet and outlet, waste blood outlet and reservoir.
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analyzed by flow cytometry. Phycoerythrin (PE) conjugated anti-CD41
antibody (BioLegend, San Diego, CA), Fluorescein isothiocyanate
(FITC) conjugated anti-CD42b antibody (BioLegend, San Diego, CA)
and Fluorescein isothiocyanate (FITC) conjugated IgGIK antibody
(BioLegend, San Diego, CA) were used to identify the platelet popula-
tion, to determine the level of expression of platelet receptor GPIba
and to serve the negative control for expression of platelet receptor
GPIba, respectively. 5 pl whole blood samples were incubated with
25 ul of 10 mM HEPES buffer mixed with 10 pl anti-CD41 antibody
and 10 pl anti-CD42b antibody for 30 min at room temperature in
dark. In parallel, a 5 pl whole blood sample was incubated with 25 pl
HEPES buffer mixed with 10 pl anti-CD41 antibody and 10 pl IgGIK anti-
body and used as the negative control.

For the GPVI shedding, PE conjugated anti-CD 41 antibody (BioLegend,
San Diego, CA), eFluor 660 conjugated anti-Human Glycoprotein VI
(eBioscience, San Diego, CA) and eFluor 660 conjugated Mouse IgG1K
Isotype Control (eBioscience, San Diego, CA) were used to identify the
platelets, to determine the level of expression of platelet receptor
GPVI and to serve the negative control, respectively. 5 ul whole blood
samples were incubated with 25 pl of 10 mM HEPES buffer mixed
with 5 pl anti-CD41 antibody and 5 pl anti-Glycoprotein VI antibody
for 30 min at room temperature in dark. A 5 pl whole blood sample
was incubated with 25 pl HEPES buffer mixed with 5 pl anti-CD41 anti-
body and 5 pl Mouse IgG1K Isotype antibody and used to be the nega-
tive control.

After the above labeling steps, 1 ml of 1% paraformaldehyde (PFA) in
PBS was used to fix the samples for 30 min at 4 degree in dark. The flow
cytometric data collection of the blood samples was performed with a
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four color flow cytometer (FACS Calibur, BD Bioscience, San Jose, CA).
The data were analyzed offline using the software FCS Express 4.0
(De Novo Software, Los Angeles, CA).

Platelet aggregation test

If the platelet receptors (GPIba and GPVI) were shed after being
exposed to the non-physiological high shear stresses generated by the
blood shearing device, the platelet aggregation induced by the agonists
stimulating platelet GPIbac and GPVI would decrease. In order to test
this hypothesis, the platelet aggregation test of the baseline and sheared
blood samples was performed using an aggregometer (Chrono-Log,
Havertown, PA) by using ristocetin and collagen as the agonists. The
ristocetin induces the platelet aggregation by causing VWF to bind
with the platelet receptor GPIbo. The collagen induces the platelet ag-
gregation by binding with the platelet receptor GPVI to induce platelet
activation.

According to the manufacturer’s instruction, 0.5 ml whole blood
sample was added into the preheated polystyrene cuvette containing
0.5 ml 0.9% saline and a stir bar. The 1 ml mixed blood sample was
heated in the aggregometer and stirred at a stirring rate of 1200 rpm.
Then 8 pl restocetin with the final concentration of 1 mg/ml or 5 pl col-
lagen with the final concentration of 4 pg/ml was added into the mixed
blood sample. After adding the agonists, the platelets were stimulated to
adhere on two electrodes which caused the impedance between the
electrodes to increase. Once the agonist reagent was added, the time
course of the impedance was recorded for 6 minutes. The integral of
the impedance curve (area under the impedance curve, AUC) which
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Fig. 2. A: The flow cytometry dot plots of comparing of platelet receptor GPIba surface expression among base sample and two sheared samples (150 Pa/0.5 s and 300 Pa/0.5 s). The percent
of platelet receptor GPIba surface expression is indicated by both positive antibodies of FITC conjugated anti-CD42b (CD42b-FITC) and PE conjugated anti-CD41 (CD41-PE). B: The average
comparing of the percentage of GPIba surface expression in platelet between base unsheared blood samples (0 Pa) and sheared blood samples under three levels of high shear stress (150,

225, 300 Pa) for two durations (0.05 and 0.5 sec.)(n = 9).
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was the overall metric for platelet aggregation was used to represent
the agonist induced platelet aggregation in this study.

Statistical analysis

The data are presented as mean =+ SE (standard Error) and statisti-
cally analyzed using SPSS statistical software (Statistical Package for
Social Sciences for windows, release 18.0; SPSS Inc., Chicago, IL, USA).
Statistical differences were determined by using Student’s t-test. Statis-
tical significance was assigned at p < 0.05.

Results

Fig. 2A and B show typical flow cytometry dot plots of platelet GPIba
and CD-41 expression in the baseline blood and two sheared blood sam-
ples and the quantification of reduced platelet GPIbc surface expression
by the non-physiological shear stresses. The platelets in the blood sam-
ples were identified by the PE conjugated anti-CD41 antibody and the
level of the surface expression of GPIba on each platelet was indicated
by fluorescent intensity of FITC (conjugated anti-CD42b). Fig. 2A clearly
shows the increase in the percentage of platelets (CD-41 positive) with
reduced CD-42b expression in the two sheared blood samples com-
pared with that in the baseline blood sample, indicating the shear-
induced shedding of the platelet receptor GPIba after subjected to the
non-physiological shear stress. Fig. 2B exhibits the levels of the shear-
induced shedding of the platelet receptor GPIba in the normal blood
and the six blood samples sheared by the three different levels of high

A
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shear stress (150, 225, 300 Pa) for the two exposure times (0.05 and
0.5 sec.). As indicated in these figures, the shedding of the platelet re-
ceptor GPIba in the blood sample sheared by the shear stress levels of
150 Pa and 225 Pa for the exposure time of 0.05 sec increased slightly,
but not significantly compared with the baseline blood. However
when the shear stress level increased to 300 Pa, the shedding of the
platelet receptor GPIba for the exposure time of 0.05 sec became signif-
icant (P < 0.05). With the increase in the exposure time to 0.5 sec, the
shedding of the platelet receptor GPIbc in the sheared blood samples
was significant for the three levels of shear stresses when compared
with the baseline blood. Overall, the shedding of the platelet receptor
GPIba in the sheared blood samples increased with increasing shear
stress and exposure time.

Fig. 3A and B show typical flow cytometry dot plots of platelet GPVI
and CD-41 expression in the baseline and two sheared blood samples
and the quantification of the reduced platelet GPVI surface expression
by the non-physiological shear stresses. As shown in the flow cytometry
dot plots (Fig. 3A), the percentage of platelets with reduced GPVI
surface expression, as indicated by fluorescent intensity of eFluor 660
(conjugated anti-GPVI), increased with increasing the level of shear
stress. Fig. 3B exhibits the levels of the shear-induced shedding of the
platelet receptor GPVI in the normal blood and the six blood samples
sheared by the three levels of shear stress (150, 225, 300 Pa) for the
two exposure times (0.05 and 0.5 sec.). In general, the shedding of
the platelet receptor GPVI in the sheared blood samples increased
with increasing shear stress and exposure time. The percentage of plate-
lets with reduced GPVI surface expression increased significantly
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Fig. 3. A: The flow cytometry dot plots of comparing of platelet receptor GPVI surface expression among base sample and two sheared samples (150 Pa/0.5 sec. and 300 Pa/0.5 sec.). The
percent of platelet receptor GPVI surface expression is indicated by both positive antibodies of efluor 660 conjugated anti-Human Glycoprotein VI (GPVI-efluor 660) and PE conjugated
anti-CD41 (CD41-PE). B: The average comparing of the percentage of GPVI surface expression in platelet between base unsheared blood samples (0 Pa) and sheared blood samples
under three levels of high shear stress (150, 225, 300 Pa) for two durations (0.05 and 0.5 sec.)(n = 9).
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(P <0.05) in all the sheared blood samples except one sheared blood
sample by 150 Pa for the exposure time of 0.05 sec compared with
that of the normal blood.

To further confirm the shear-induced shedding of the platelet recep-
tor GPIbae and GPVI, ristocetin and collagen were added to the sheared
blood samples to evaluate their platelet receptor GPIba and GPVI asso-
ciated aggregation ability, respectively. Fig. 4A and B show typical traces
of ristocetin-induced aggregation of the baseline and two sheared blood
samples and the quantitative comparison of the ristocetin-induced ag-
gregation among the baseline blood and the six blood samples sheared
by the three levels of shear stress for the exposure times. Fig. 4A clearly
shows that the non-physiological shear stress caused reduction in the
ristocetin-induced aggregation. The degree of the reduction increased
with exposure time. Since the platelet aggregation induced by ristocetin
is via stimulating the binding of platelet receptor GPIbax with VWF, the
shear-induced shedding of the platelet receptor GPIba should be the
reason for the reduction of the ristocetin-induced platelet aggregation
under high shear stress and short exposure time conditions. Fig. 4B
show the levels of the shear-induced reduction in the vWF mediated
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Fig. 4. A: The changing of impedance curve (aggregation curve) of the platelets aggrega-
tion induced by ristocetin among base sample and two sheared samples (150 Pa/0.5 s,
300 Pa/0.5 s). The platelet aggregation is indicated by area under the impedance curve.
The time course of the platelets aggregation curve changing was recorded for 6 minutes.
B: The average comparing of platelet aggregation induced by ristocetin between base
unsheared blood samples (0 Pa) and sheared blood samples under three levels of high
shear stress (150, 225, 300 Pa) for two durations (0.05 and 0.5 sec.)(n = 9). The platelet
aggregation induced by ristocetin in y-axis is indicated by area under the impedance curve.

platelet GPIbax associated aggregation of the baseline and the six blood
samples sheared by the three levels of shear stress for the two exposure
times. For the exposure time of 0.05 sec, the reduction of the platelet
GPIba associated aggregation of the sheared blood samples by the
shear stress level of 150 Pa was not significant compared to the normal
blood. However, the reduction in the platelet GPIba associated aggrega-
tion became significant with increasing the shear stress level to 225 and
300 Pa (P<0.05). When the exposure time was increased to 0.5 sec, the
platelet GPIba associated aggregation of the blood samples sheared
by the three levels of shear stress reduced significantly (P < 0.05). We
noticed that there was a slight decrease in the platelet counts with in-
creasing the level of shear stress and exposure time, but not statistically
significant. The slight reduction of platelet counts in samples should be
expected because we found the aggregation between platelets and
monocytes increased with increasing shear stress and exposure time
in our previous study [35].

Fig. 5A and B show typical traces of the collagen-induced aggrega-
tion of the baseline blood and two sheared blood samples and the quan-
titative comparison of the collagen-induced aggregation among the
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Fig. 5. A: The changing of impedance curve (aggregation curve) of the platelets aggrega-
tion induced by collagen among base sample and two sheared samples (150 Pa/0.5 s,
300 Pa/0.5 s). The platelet aggregation is indicated by area under the impedance curve.
The time course of the platelets aggregation curve changing was recorded for 6 minutes.
B: The average comparing of platelet aggregation induced by collagen between base
unsheared blood samples (0 Pa) and sheared blood samples under three levels of high
shear stress (150, 225, 300 Pa) for two durations (0.05 and 0.5 sec.)(n = 9). The platelet
aggregation induced by collagen in y-axis is indicated by area under the impedance curve.
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baseline blood and the six blood samples sheared by the three levels
of shear stress for the exposure times. Fig. 5A shows that the non-
physiological shear stress causes reduction in the collagen-induced
aggregation. The degree of the reduction increased with exposure
time. Since the platelet aggregation induced by collagen is via stimu-
lating the binding of platelet receptor GPVI and platelet activation, the
shear-induced shedding of the platelet receptor GPVI should be the rea-
son for the reduction of the collagen-induced platelet aggregation under
high shear stress and short exposure time conditions. Fig. 5B shows the
levels of the shear-induced reduction in the collagen mediated platelet
GPVI associated aggregation of the baseline and the six blood samples
sheared by the three levels of shear stress for the two exposure times.
For the exposure time of 0.05 sec, the collagen-induced platelet aggre-
gation decreased with increasing the shear stress from 150 to 225 Pa,
but did became significant until the shear stress level reached to
300 Pa (P < 0.05) compared to that of the normal blood. For the expo-
sure time of 0.5 sec, the three levels of shear stress caused significant
reduction in the collagen-induced platelet aggregation (P < 0.05).

Discussion

The non-physiological high shear stress often exists in blood
contacting medical devices. In particular, the shear stress level above
100 Pa has been found in some region within blood pumping devices,
such as the blade region [16,29]. However, the duration for the blood
exposed to high shear stress was very short and less than one sec.
Shear-induced platelet activation and aggregation have been the major
concerns for use of these devices in clinical setting. Thus a complex an-
ticoagulant drug regimen is often prescribed to mitigate thrombotic
risk. The current anticoagulation treatment may incur vulnerability to
bleeding and hemorrhage which are the most common postoperative
complication associated with circulatory assist devices, ECMO and
heart valves and cardiopulmonary bypass. Until recently, bleeding asso-
ciated with blood contacting medical devices has been often attributed
to the anticoagulation treatment. However, several recent reports sug-
gested that bleeding associated one type of device was higher than
others [10], for example, patients with CF-VADs experienced higher
rate of bleeding than those with pulsatile-flow devices although
anticoagulation was not different among these two groups of patients.
Thus we believe that the underlying fluid mechanic shear stress might
contribute to the increased bleeding.

In present study, human blood was subjected to the three levels
of high shear stress for short exposure time. The shedding of platelet
receptor GPIba and GPVI and their associated aggregation were
examined. The results clearly showed that the shedding of the platelet
receptor GPIba and GPVI occurred in the sheared blood samples with
high shear stress for a short exposure time. It was found that both the
platelet aggregations induced by ristocetin and collagen decreased in
the sheared blood samples. Both the degree in the shear-induced shed-
ding of the platelet receptor GPIbax and GPVI increased with increasing
the shear stress level and exposure time. In contrast, the platelet aggre-
gation associated with these two platelet receptors decreased with
increasing the shear stress level and exposure time.

Since the increased bleeding was reported to be associated with
CF-VADs [10], many suggestions had been offered to explain this clin-
ical observation, such as overuse of anticoagulation therapy, loss of
large vVWF multimers and GI tract angiodysplasia formation [5,36,37].
However, the hemorrhagic events was a complex processes including
many pathological mechanisms, in which the causation is still unclear.
Based on the results of the present study, we believe that the non-
physiological shear stress damage the integrity of platelets, especially
the shedding of platelet receptors, leading to platelet dysfunction and
inability of adhesion and aggregation to VWF and collagen. The platelet
receptor GPIbaw and GPVI are two key receptors for hemostasis. When
a blood vessel is injured, vVWF and collagen of injured endothelium tis-
sue are exposed to the blood whereas the binding between GPlba

with VWF and adhesion connection between GPVI with collagen initi-
ate the platelet adhesion and aggregation process. In our study, two
approaches had been used to investigate the shedding of the platelet
receptor GPIba and GPVI. One was the flow cytometry test to study
the percentage of receptor expression in platelets surface. The other
was the platelet aggregation test. The data obtained using these two ap-
proaches exhibited that the shedding of GPIba and GPVI occurred under
high shear stress and short exposure time. Interestingly, it was found
that, even in such short exposure time (0.05 s and 0.5 s), if the shear
stress was higher enough, the platelet receptor GPIba and GPVI could
be shed. In patients implanted with CF-VADs, because of the continued
circulation, the platelets would pass through the non-physiological
shear region frequently in the high speed shear-inducing rotating
pumps. The shedding of platelet receptors GPIbac and GPVI should be
enhanced. Therefore, the platelet receptor shedding which would lead
platelet dysfunction should be carefully examined in the bleeding
events in patients implanted with CF-VADs.

Bleeding is a very dangerous clinical pathological complication,
which could be induced by many factors. Only the in vitro experiment
is not strong enough to make the conclusion that bleeding is related
with receptor shedding induced by non-physiological high shear stress.
In our future studies, some in vivo animal experiments would be
performed to investigate the influence of the combination with non-
physiological high shear stress and anticoagulant drugs on the platelet
adhesion, aggregation and hemostasis.

Conclusion

It was proven that the platelet receptors GPIbaw and GPVI could
be shed by non-physiological high shear stress for short exposure con-
ditions. These sheared platelets exhibited an impaired aggregation
capacity of platelets in response to ristocetin and collagen stimulation.
The shear-induced shedding of the two key platelet receptors may
offer a new perspective to explain the reason of increased bleeding
events in patient implanted with those high shear CF-VADs.
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