Received: 21 August 2017

Accepted: 24 January 2018

DOI: 10.1111/ijIh.12799

ORIGINAL ARTICLE

International Journal of

WILEY

Laboratory Hematology

Platelet impedance adhesiometry: A novel technique for the
measurement of platelet adhesion and spreading

L. Polgar? | P.So6s® | E.Lajké' | O.Lang' | B.Merkely? | L.Ké&hidail

'Department of Genetics, Cell- and
Immunobiology, Semmelweis University,
Budapest, Hungary

2Heart and Vascular Center, Semmelweis
University, Budapest, Hungary

Correspondence

Laszl6 K6hidai, Department of Genetics,
Cell- and Immunobiology, Semmelweis
University, Budapest, Hungary.

Email: kohlasz2@gmail.com

Funding information

Richter Gedeon Centenariumi Alapitvany,
Grant/Award Number: no number

1 | INTRODUCTION

Platelet thrombus formation and platelet dysfunction are be-
hind major cardiovascular and hematological diseases with
the significant epidemiological role. Myocardial infarction or
stroke contributes to present mortality and morbidity rates to

great extent, while genetic platelet function defects being more

Abstract

Introduction: Thrombogenesis plays an important role in today’s morbidity and mor-
tality. Antithrombotics are among the most frequently prescribed drugs. Thorough
knowledge of platelet function is needed for optimal clinical care. Platelet adhesion
is a separate subprocess of platelet thrombus formation; still, no well-standardized
technique for the isolated measurement of platelet adhesion exists. Impedimetry is
one of the most reliable, state-of-art techniques to analyze cell adhesion, prolifera-
tion, viability, and cytotoxicity. We propose impedimetry as a feasible novel method
for the isolated measurement of 2 significant platelet functions: adhesion and
spreading.

Methods: Laboratory reference platelet agonists (epinephrine, ADP, and collagen)
were applied to characterize platelet functions by impedimetry using the xCELLi-
gence SP system. Platelet samples were obtained from 20 healthy patients under no
drug therapy. Standard laboratory parameters and clinical patient history were also
analyzed.

Results: Epinephrine and ADP increased platelet adhesion in a concentration-
dependent manner, while collagen tended to have a negative effect. Serum sodium
and calcium levels and age had a negative correlation with platelet adhesion induced
by epinephrine and ADP, while increased immunoreactivity connected with allergic
diseases was associated with increased platelet adhesion induced by epinephrine and
ADP. ADP increased platelet spreading in a concentration-dependent manner.
Conclusion: Impedimetry proved to be a useful and sensitive method for the qualita-
tive and quantitated measurement of platelet adhesion, even differentiating between
subgroups of a healthy population. This novel technique is offered as an important

method in the further investigation of platelet function.
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rare conditions can pose a considerable diagnostic challenge.
Antiplatelet and anticoagulant drugs are frequently prescribed
drugs in daily clinical practice. Since decades, great effort has
been made for investigation of the pathophysiology of platelet
thrombus formation, which has been more relevant recently
according to the improving number of implantable mechanical

circulatory devices.

Int J Lab Hem. 2018;1-10.

wileyonlinelibrary.com/journal/ijlh © 2018 John Wiley & Sons Ltd | 1


www.wileyonlinelibrary.com/journal/ijlh
http://orcid.org/0000-0002-9002-0296
mailto:kohlasz2@gmail.com

International Journal of

POLGARET AL.

Laboratory Hematology

A great number laboratory techniques have been developed
aiming to measure different aspects of platelet adhesion and ag-
gregation. While the gold standard of the measurement of platelet
aggregation and in the investigation of antithrombotic therapies
today remains light transmission aggregometry,® further standard-
ization is needed even in a clinical setting, because measurement
protocols vary greatly between laboratories.?® Techniques for the
isolated measurement of platelet adhesion have been developed
(Cone and Plate(let) Analyzer, Platelet Adhesion Assay, Retention
Test Homburg)*%; however, these tests are end-point assays, and as
such, there is no possibility for real-time monitoring of platelet ad-
hesion and examining of the dynamics of the process. Furthermore,
they lack proper standardization so none of them is generally used in
either clinical or research practice.

Impedimetry has been described in 1984 by Giaver and Keese
as a noninvasive technique for the measurement of cell adhesion.”
The basic principle is the fact that cells act as insulators in an electric
circuit. The adhesion surface is an electrode microarray placed on
the bottom of the wells of a specialized array (eg 96-well E-plate®).8
Cell adhering to the electrodes generates a change in the measured
electric impedance. This change directly correlates to area covered
by cells, in consequence to the number of the adhering cells and the
level of adhesion (degree of expansion of the adhering cells). Owing
to the direct correlation between the measured impedance signal
and the surface area covered by adhering platelets, it is also clear
that platelet aggregates or clots—due to their smaller area than indi-
vidual adhering platelets—do not generate an increased impedance
signal. This ensures the absence of artifacts leading to false positive
increased impedance measurements and allows to measure adhesion
separately. The same principle is true with platelets simply “falling”
to the electrodes: Because of their smaller surface than adhering
platelets, they do not generate an increased impedance signal in
contrast to adhering platelets. Another huge advantage of this tech-
nique is that impedimetry is a real-time measurement which gives us
the opportunity to characterize the dynamics of adhesion. A variety
of applications using impedimetry has been developed such as mea-
surement of cell proliferation,’ viability,*° cellular permeability,'* and

cytotoxi4:ity12'13

as well as a number of systems using impedance-
based approach have been also developed. While impedimetry has
been used in research for decades in a number of ways, no clinical
application has been developed yet.

While platelet adhesion is a separate and highly important pro-
cess in platelet function, no common and well-applicable technique
has been developed for platelet adhesion measurement yet. The
available data on platelet adhesion—either its part in disease pro-
gression or as drug effect—are limited compared to that on plate-
let aggregation. We think that the lack of ideal platelet adhesion
measurement method is at least partly compensated by monitoring
electrochemical or electrophysical properties of the platelets. The
aim of the current work was to propose impedimetry as a feasible
method for the isolated measurement of platelet adhesion. In these
experiments, we measured platelet adhesion by impedimetry on
different platelet counts. Then, we examined platelet adhesion in 2

different setups: (i) We measured platelet adhesion in the presence
of platelet activators; (ii) spreading of already adhered platelets was
measured, and the effect of platelet activators on platelet spreading

was investigated.

2 | MATERIALS AND METHODS

2.1 | Patients

Twenty patients were enrolled in this study. All of the patients were
selected from the collection of Budakalasz Health Examination
Survey organized by the Semmelweis University Heart and Vascular
Center. All patients gave informed consent, and the Clinical Ethics
Review Board of the Semmelweis University Budapest approved the
protocols. The investigation conforms with the principles outlined in
the Declaration of Helsinki.

Platelet samples were collected from each patient. All of the sub-
jects were between the age of 20-40 years under no current medical
drug treatment. Medical history was collected with questionnaire

conducted by a physician.

2.2 | Blood collection and platelet isolation

Full blood was drawn by clean venipuncture with minimal venostasis
using 18-G needle into 5-mL plastic 9NC coagulation sodium citrate
3.2% Vacuette® blood collection tubes. The first few milliliters of
blood drawn was discarded.

For impedimetry measurements, platelet-rich plasma was pre-
pared using a slightly modified version described by Rideg et al*
Platelets were isolated by centrifugation with 500xg for 7 minutes
at room temperature. Thus, most of the red blood cells and white
blood cells were separatedinthe sediment,and most of the platelets
were present in the supernatant layer of plasma. Then, the super-
natant was collected into sterile plastic test tubes. The platelet-
rich plasma (average platelet density 1.26 £ 0.17 x 107 platelet/
mL) was diluted with 0.9% sodium-chloride infusion solution (nor-
mal saline, Salsol A, TEVA, Debrecen, Hungary) to 1:10 ratio for
the adhesion and spreading measurements and used undiluted
and diluted to different ratios (1:10, 1:100, 1:1000) for the platelet

density measurements.

2.3 | Clinical laboratory measurements

Standard clinical laboratory measurements from the acquired blood
samples were taken: complete blood count, blood chemistry, en-
zymes, and lipoprotein levels. Specialized test of the cardiovascu-
lar system, like hemoglobin Alc (HbA1c) and N-terminal pro-brain
natriuretic peptide (NT pro-BNP) levels, was also measured. Among
the clinical parameters, age, weight, height, waist size, hip size, sys-
tolic blood pressure (SBP), and left and right ankle-brachial index
(ABI) were measured. From patient history, smoking, alcohol con-
sumption, the presence of allergic disease (known food, pollen, etc.
allergies), sporting activity, and physical activity were investigated.
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2.4 | Impedance-based measurements

For impedance-based measurements, the xCELLigence SP® system
(Roche Applied Science, Indianapolis, IN, USA) and E-plate 96® (Roche
Applied Science, Indianapolis, IN, USA) were used. This technique
uses impedimetry for adhesion measurement. Platelet adheres to
gold electrode array placed at the bottom of well. Adhering platelets
generate an increased impedance signal higher than the background
impedance of the systems. This increased impedance signal is in di-
rect correlation with the surface area covered by adhering platelets.

At first, wells were loaded with medium—normal saline —
(80 pL/well), and then, baseline impedance level was measured for
1-3 hours till the curves reached equilibrium. After that, measure-
ment of spreading or adhesion followed according to the applica-
ble protocol (see below). The measured data were given as Cell
Index (Cl), and a dimensionless value was defined by the following
formula:

Cl=(Z,-Zz,)/F (1)
(Zt, measured impedance at any time point; Zb, baseline impedance;
F, in-built factor depending on the used frequency of the alternating
current).

During the whole experiment a 37°C, 5% carbon dioxide incuba-
tion was maintained. The measurements were executed in real-time
mode (sampling frequency was 12/min) and were not paused during
the administration of the platelet samples or agonists. For all sam-
ples, 3 parallels were measured (for all measurements SE of mean
Cl < 0.359). The effect of the following agonists was investigated:
epinephrine (Gedeon Richter PLC, Budapest, Hungary) in 5 pmol/L
and 10 pmol/L concentrations, ADP (Sigma-Aldrich, St. Louis, MO,
USA) in 5pmol/L and 10 pmol/L concentrations, and collagen
(Hormon-Chemie, Munich, Germany) in 2 pg/mL concentration.

2.5 | Measurement of adhesion

After equilibrium, agonists were added to wells (20 pL). After 20-
60 minutes (adaptation period to horizontal phase), platelet samples
were introduced into the wells (100 pL) and the adhesion activity of

platelets was measured for 24 hours.

2.6 | Measurement of spreading

After the measurement of baseline as previously described, plate-
let samples were added to the wells (100 pL) and incubated till the
adhesion of platelets reached a balanced state characterized by the
curves reaching a plateau phase (5-8 hours). After that, agonists
were introduced into the wells (20 pL) and change in spreading of

the adhering platelets was measured for 24 hours.

2.7 | Statistical analysis

The statistical analysis was conducted using the in-built statisti-

cal program of the RTCA 2.0 Software (Roche Applied Science,

Laboratory Hematology

Indianapolis, IN, USA) of the xCELLigence SP® system and Origin
Pro 9. For quantitation, the slope parameter was used. The slope
parameter is the rise of a straight line fitted to the measured data
points in a chosen time period calculated by RTCA 2.0 Software. This
measurement method generates “dimensionless” data: The slope pa-
rameter equals the tangent of the angle between the straight line
and the “x” axis. Paired-sample t test was used for determining the
statistical significance of the observed difference caused by plate-
let agonists. For further analysis, delta slope (DS) value was com-
puted: Slope values were normalized to control by calculating the
difference between the slopes of examined and control curves. The
DS value, the difference between 2 dimensionless “slope” units, is
also a dimensionless unit. Therefore, no units of measurement are
indicated when data are shown in the Results section. Pearson cor-
relation coefficient (r-value) between DS values and continuous
variables (laboratory parameters, age) was calculated. A two-sample
t test was used for discrete variables (age group, smoking, alcohol
consumption, the presence of allergic disease, physical activity). For
marking of confidence levels in the Figures, the x: P < .05; y: P < .01,

z: P <.001 marks were used.

3 | RESULT

3.1 | Effect of platelet density

Before examining the effect of agonists on platelet spreading and
adhesion, the effect of different platelet densities on the meas-
ured impedance was investigated. In Figure 1, the time interval
-40-0 mins shows the end of the baseline equilibrium phase in-
dicating that the impedance levels reached a balanced condition.
Data point immediately before the administration of platelets
into the wells was chosen as a baseline. After adding the platelet

suspension to the wells, an immediate increase in the measured
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FIGURE 1 Effect of different platelet counts on platelet
adhesion. Impedimetry (cell index-time) curves of different
dilutions of platelet-rich plasma with normal saline (PIt 1:1, Plt
1:10, PIt 1:100, PIt 1:1000) [Colour figure can be viewed at
wileyonlinelibrary.com]


www.wileyonlinelibrary.com

International Journal of

POLGARET AL.

‘L wiLey

Laboratory Hematology

(A) 71 =——Control (8) 1 =——ZControl
0.20 4 =——ADP 5pmol/L 0.20 {4 =— Epinephrine 5 pmol/L
| =——ADP 10 pmol/lL | —— Epinephrine 10 pmol/L
% = | Pomeie g s |oemeie FIGURE 2 Effect of agonists on
Z 0.10 4 l £ 010 4 platelet adhesion. Representative
E ] 8 ] impedimetry curves (cell index-time)
0.05 0.05 4 of platelet samples in the presence of
- 1 different types and concentrations of
0.00 0.00 platelet agonists compared to control
T T T T T — T T T (normal saline): A, epinephrine 5 pmol/L
00 05 10 15 20 00 05 10 15 20 and 10 pmol/L; B, ADP 5 umol/L
© Tl o Timexdhy and 10 pmol/L; C, collagen 2 pg/mL.
1 Cortial Ly z Impedimetry curves show the cell
020 + Collagen 2 pg/mL 0.150 index change after addition of platelet
1 0.125 samples. Comparison of the effect of
x 015 _ Sample g 0.100 different types and concentrations of
2 0:10 L 2 o075 platelet agonists on platelet adhesion
T | ,% ] (n =10): D, Slope analysis of platelet
= 0.05 4 % 0025 adhesion impedimetry curves [for further
] a - explanation on process of statistical
0.00 / 0.000 analysis, see Materials and Methods];
e x: P <.05;y: P<.01;z: P<.001; Epi:

0.0 0.5 1.0 15 2.0 Control  Epi

Time (h)

5uM 10uM 5uM 10 uM 2 ug/mL

impedance (depending on the platelet count) was observed. After
that, curves of the platelet sample by 1:1 and 1:10 dilution showed
a slower but strong rise in the measured cell index representing
strong platelet adhesion activity. Curves of the lower platelet
counts (1:100 and 1:1000) had a much slower rise representing
a smaller increase in impedance by the much fewer platelets.
Because the objective of the following experiments was to exam-
ine the effect of activators on platelets, 1:10 dilution was chosen
for the following examinations. To exclude the possible artifact
caused by different platelet counts, in the following experiments
the measured slope values of curves were normalized to that of
the control curve.

3.2 | Adhesion measurements

In the first series of experiments (n = 10), we measured platelet ad-
hesion in the presence of different platelet activators vs control.
Epinephrine increased platelet adhesion activity on both 5 pmol/L
and 10 pmol/L concentrations with DS values 0.067 +0.017
(P <.001) and 0.068 + 0.019 (P =.003), respectively (Figure 2A, D).
ADP increased platelet adhesion activity to an even greater extent
on both 5pmol/L and 10 pmol/L concentrations with DS values
0.116 £ 0.018 (P <.001) and 0.137 + 0.023 (P < .001), respectively
(Figure 2B, D). Collagen had no significant effect on platelet adhe-
sion although we can observe slight negative tendency with DS
value -0.009 + 0.011 (P = .315); (Figure 2C, D).

Among complete blood count, MCHC (mean cell hemoglobin
concentration) had significant positive correlation with platelet
adhesion in the presence of 10 pmol/L epinephrine (P =.036) and
showed significant positive correlation with platelet adhesion in the
presence of both 5 pmol/L and 10 pmol/L ADP (P =.016 and .035,

ADP ADP Collagen . . . .
9 epinephrine [Colour figure can be viewed

at wileyonlinelibrary.com]

respectively). RDW had significant negative correlation with platelet
adhesion in the presence of 5 umol/L epinephrine (P = .025). Serum
sodium level had significant negative correlation with platelet ad-
hesion in the presence of epinephrine (5 and 10 pmol/L—P =.010
and .001, respectively) and ADP (5 and 10 pmol/L—P =.038 and
.015, respectively) in both measured concentrations, while serum
calcium had significant negative correlation with platelet adhe-
sion in the presence of 10 pmol/L epinephrine (P =.019) as well
as 5 umol/L and 10 pmol/L ADP (P =.023 and .018, respectively).
Serum glucose showed the same negative correlations (10 pmol/L
epinephrine—P = .005; 5 and 10 pmol/L ADP—P =.002 and .003, re-
spectively). CK and CKMB also had significant positive correlation
with platelet adhesion in the presence of 5 umol/L ADP (P =.043
and .038, respectively) (Table 1).

Among the measured clinical parameters (Table S1), age had sig-
nificant negative correlation with platelet adhesion in the presence
of 5 umol/L epinephrine (r = -.708, P =.022), while height had sig-
nificant positive correlation with platelet adhesion in the presence
of 5 pmol/L epinephrine (r =.773, P = .042). Systolic blood pressure
(SBP) had significant positive correlation with platelet adhesion in
the presence of collagen (r =.893, P =.007).

When taking age as a discrete variable, platelet adhesion in the
presence of 5 pmol/L epinephrine was significantly higher in those
below 35 years than those over it (0.095 + 0.015 vs 0.040 + 0.011,
P =.018). Platelet adhesion was significantly higher in individu-
als with known allergic disease compared to those without in the
presence of 10 pmol/L epinephrine (0.11 + 0.011 vs 0.024 + 0.012,
P =.008), 10 pmol/L ADP (0.224 + 0.022 vs 0.08 + 0.025, P =.02),
and 5 pmol/L ADP (0.171 + 0.027 vs 0.073 + 0.018, P = .035). There
was no significant difference in platelet adhesion in the presence

of either investigated agent between smokers and nonsmokers,
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individuals with different level of alcohol consumption and individu-
als with or without regular physical activity (Table S2).

3.3 | Spreading measurements

In the second series of experiments (n = 10), we measured the effects
of platelet activators vs control on platelets that had adhered to the
electrode surface previously. Epinephrine decreased platelet spread-
ing in 10 pmol/L concentration with DS value values -0.005 + 0.002
(P=.001), while the lower concentration (5 pumol/L) of epineph-
rine showed no effect with DS value -0.0005 +0.002 (P =.680)
(Figure 3A, D). On the other hand, ADP increased platelet spreading in
5 pmol/L and 10 pmol/L concentrations with DS values 0.051 + 0.014
(P =.008) and 0.073 £0.022 (P =.011), respectively (Figure 3B, D).
Collagen also showed decreased platelet spreading with DS value
-0.052 £ 0.004 (P < .001) in 2 pg/mL concentration (Figure 3C, D).

From clinical laboratory parameters, monocyte ratio had a sig-
nificant positive correlation with platelet spreading induced with
10 pmol/L epinephrine (P =.025). MCV and MCH had a signifi-
cant negative correlation with collagen-induced platelet spreading
(P =.032 and 0.024, respectively), while MCHC had a significant
negative correlation with 5 pumol/L epinephrine-induced platelet
spreading (P = .010). HDL also had a significant negative correlation
with 5 pmol/L epinephrine-induced platelet spreading (P = .005). Of
the measured liver enzyme levels, GOT and GPT had a significant
positive correlation with platelet spreading in the presence of col-
lagen (P =.015 and .024, respectively) and GGT showed a positive
correlation with platelet spreading in the presence of 10 pmol/L epi-
nephrine (P = .039) (Table 1).

None of the measured clinical parameters showed signifi-
cant correlation with platelet spreading. There was no significant

—
1,0 1,5 20
Time (h)

T T T

Control Epi Epi ADP ADP Collagen

5 10 5 10 2 pg/mL
umol/L umol/L pmol/L pmol/l

difference of platelet spreading between different age groups,
smokers and nonsmokers, individuals with different levels of alcohol
consumption, individuals with or without regular physical activity or

individuals with or without allergic disease. (Tables S1 and S2).

4 | DISCUSSION
Platelet function testing is one of the focus points in current car-
diovascular medicine. Although several platelet function tests are
available, a clinically applicable, reliable, and well-standardized test
with high sensitivity and specificity for investigation of platelet func-
tion and determining the usefulness of the monitoring of antiplatelet
therapies is still an unmet need. Furthermore, most of these tests are
focusing on the measurement of platelet aggregation, while there
is no established method for the isolated measurement of platelet
adhesion.*®

The xCELLigence system is a real-time technique for measure-
ment of cell adhesion using an impedimetric approach. Its reliability
and high sensitivity have been demonstrated with a variety of cell
types and applications.”*® Platelets are cell fragments with consid-
erably smaller dimensions than whole cells; therefore, a highly sen-
sitive method is needed for detection of changes in adhesion and
spreading. The xCELLigence system met these expectations, and the
impedance signal of adhering platelets, although with smaller Cell
Index values than it is usual for whole cells, was easily detectable
and measurable. Even more, xCELLigence was able to differentiate
between various platelet counts per sample (Figure 1). Although in
this experiment, the effect of dilution of the plasma itself cannot be
excluded, different platelet densities no doubt played a role in the
different result.
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4.1 | Impedimetric platelet adhesion and spreading
measurements

Effect of routinely used reference platelet agonists, epinephrine,
ADP, and collagen2 on platelets was measured by impedimetry. Two
weak platelet agonists, epinephrine, and ADP increased platelet ad-
hesion in a concentration-dependent manner. ADP showed the same
concentration-dependent positive effect on platelet spreading, but
epinephrine did not on platelets already adhering to a surface. This
underlines the high sensitivity of impedimetry and xCELLigence: It
was able to differentiate between 2 closely connected processes of
platelet cell biology.

Although collagen is a strong platelet agonist, using xCELLigence
a tendentially negative effect of collagen on platelet adhesion and
spreading was measured. For this interesting finding, 2 different
explanations are presented here. In our experiments, samples di-
luted with saline were used. It is possible that von Willebrand factor
(VW) levels became too low for the effect of collagen to take place'®
leading to decreased impedance levels. On the other hand, plate-
lets do have direct collagen receptors (GP VI and integrin «21) on
their surface that does not require vWf for collagen binding with GP
VI playing a major role in platelet activation upon collagen binding.
Collagen was applied in these experiments in similar concentration
as used in light transmission aggregometry.” It is possible that—de-
spite the intentionally lowered platelet count in samples—collagen
actually triggered platelet aggregation. The total surface of platelet
aggregates is much smaller than the combined surface of individual
adhering platelets which accounts for the decrease in impedance.
This finding suggests that weak platelet agonists (epinephrine and
ADP) are the reference platelet agonists of choice in impedimetric
platelet adhesion testing because smaller stimuli are required than
in platelet aggregometry.

Most impedimetry curves showed an initial increase and a sub-
sequent decrease in the measured impedance. As discussed above,
the initial increase shows the phase of adhesion or spreading. The
decrease could indicate a degree of reversibility in the platelet ad-
hesion or spreading; however, degradation of platelets is also a rea-

sonable possibility.

4.2 | Influence of clinical factors on platelet
adhesion and spreading

To further analyze the suitability of impedimetry for measuring
platelet adhesion and spreading, we investigated in vivo param-
eters that could potentially affect platelet adhesion. Increased
platelet activity and reactivity in acute and chronic allergic or
other hyperimmune states are well documented.'®?! Impedimetric
measurement detected similar, increased platelet adhesion in in-
dividuals with a history of allergic diseases. The association be-
tween blood glucose levels and platelet aggregability has already
been described: Ahuja et al found decreased platelet aggregation
in postprandial samples.22'23 We found a same negative correla-

tion between platelet adhesion and blood glucose levels. Although

we have to note that these were not fasting blood glucose levels,
also, no correlation between platelet adhesion and serum HbA1c
levels—all in the normal range—was observed. Increased platelet
reactivity and decreased response to antiplatelet agents among
the elderly is well-documented.?*?” In our data, age showed a
negative correlation with platelet adhesion in the presence of low
concentration epinephrine. Our subjects were between the age of
20 and 40 years, a population with lower cardiovascular risk, the
subjects of the aforementioned studies belonging to the mostly
elderly population. The fact that platelet impedance adhesiometry
was able to detect subtle differences in platelet adhesion between
subgroups of a healthy population emphasizes the significance of
the techniques in detecting potential prognostic factors in asymp-

tomatic patients.

4.3 | Correlation between laboratory
parameters and impedimetric measurements

To investigate further the clinical usefulness of platelet impedance
adhesiometry, we examined the relationship between platelet ad-
hesion and spreading measured by impedimetry and standard clini-
cal laboratory parameters. Partly because of the low number and
nonroutine use of platelet adhesion measurement techniques, there
are very few data available on this topic, so further investigation is
required. Platelet adhesion induced by epinephrine and ADP had a
negative correlation with serum sodium and calcium levels. While
calcium is component of almost every hemostatic process, the in-
crease in ADP and epinephrine-induced platelet aggregation and
activation in citrated plasma samples is documented.?® Our results,
while cannot be a direct effect, correlate with these results and in-
dicate the sensitivity of the impedimetric method. Although multi-
ple correlations were found between platelet adhesion and MCHC,
no correlation was found between hemoglobin concentration and
hematocrit, which suggests that this cannot be a direct correlation.
However, it is possible that these 2 parameters are indirectly associ-
ated with a state of increased thrombogenicity. This is supported by
a study published in 2016, where MCHC was found to be an inde-
pendent prognostic factor of acute myocardial infarction.?’ Change
in spreading of platelets already adhering to surface is a much
weaker reaction than adhesion indicated by our results with changes
on the much smaller scale than adhesion. Examining correlation
between change in platelet spreading and measured laboratory or
clinical variables shows that there is a less significant correlation;
also, tendencies are less clear. Parameters have less variability in
the healthy population, and further standardization is needed in tar-

geted patient groups.

5 | CONCLUSION

Platelet adhesion and spreading proved to be a qualitatively and
quantitatively well-measurable by a high-throughput impedimetry
system. The easy application of the sample, short runs of assays, as
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well as the in-built software offer the opportunity of an easy to use,
semi-automated measurement in research and clinics, too. The ef-
fect of platelet agonists used as laboratory reference on platelet ad-
hesion and spreading in a healthy population was demonstrated by
this novel technique. Impedimetry was able to differentiate between
the 2 separate physiological processes. These results correlated well
with the measured laboratory and clinical parameters, which may
have an influence on platelet adhesion and spreading. Although in
the future, more reference studies of specific patient groups are
required to explore the changes in platelet adhesion and spreading
characteristic to different clinical scenarios, even the slight differ-
ences in a healthy patient group could be demonstrated with imped-
imetry. Allin all, the observations and data presented above support
our confidence that impedimetry is a dedicated and useful method
for more accurate investigation of platelet functions in a clinical set-
ting, providing diagnostic assistance and guiding therapy in the close

future.
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