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Abstract

Background: As the incidence of cardiovascular diseases increases, the use of antiplatelet therapy is widely
recognized. This presents clinicians with the challenge of balancing the risk of thrombotic and bleeding
complications. Platelet dysfunction is one of the causes of postoperative bleedings and their etiology is not fully
understood. Platelets receptors point-of-care investigation is of a remarkable value in assessing patients risk of
bleeding. Reliable assessment of platelet function can improve treatment. The aim of this study was to evaluate the
activity of platelet receptors in patients qualified for cardiac surgery, taking into account organ dysfunctions and
pharmacological therapy applied in these patients.

Methods: Seventy-one cardiac surgical patients were analyzed before surgery using multiple electrode
aggregometry with the use of the ADP test and ASPI test. The cut-off values were determined based on the
manufacturer's recommendations. Patients were divided into four groups: Group | (33/71 patients, without platelet
dysfunctions), Group Il (6/71 patients, ADP < 710 AU x min), Group Il (13/71 patients, ASPI <570 AU x min) and
Group IV (19 / 71 patients, ADP < 710 AU x min and ASPI < 570 AU x min). Biochemical data defining the efficiency
of the liver and kidneys, the list of preoperative drugs used and the requirement for transfusion throughout the
study group were collected.

Results: The study group included 41 males (57.7%) and 30 females (42.3%), mean age 66 years. The majority of
patients (94.4%) had platelet counts within the normal range, but platelet function was impaired in more than half
of the studied patients (53.5%). No relationship was found between the biochemical markers of the kidneys and
liver and the function of the ADP and ASPI receptors, while receptors activities were related (rs =0.72, p < 0.001),
and both associated with platelet count (rs=0.55, p <0.001 and rs =042, p < 0.001, respectively). Platelet receptors
activity was not related to the postoperative need for any type of transfusion as well as the applied preoperative
pharmacological therapy.

Conclusions: Early identification of patients at high risk of bleeding, using point-of-care platelet function
assessment tests, enables a targeted therapeutic pathway. Due to the variety of factors affecting the activity of
platelets, finding a specific cause of this pathology is extremely difficult. According to our study, the correlation
between platelet receptor disorders and mild to moderate liver and kidney injury has not been demonstrated.
However, platelet receptors dysfunction has been shown to be associated with a decreased number of platelets.
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Introduction

The hemostatic system provides a natural balance
between the coagulation and fibrinolysis, enabling nor-
mal and undisturbed flow in the blood vessels. Its main
components are platelets, plasma proteins (factors and
inhibitors of the coagulation system and fibrinolysis)
and the blood vessel wall [1]. Platelets main role is to
maintain normal hemostasis. They also play an import-
ant role in inflammation, immune processes, and can-
cer progression [2]. Although very dynamic, circulating
platelets remain inactive and get activated only when a
vascular injury occurs and then they protect the vascu-
lar system against uncontrolled blood loss and begin to
form the hemostatic plug. The peripheral and close
proximity to the vessel wall positioning of thrombo-
cytes opposes shear forces aimed at separating the plug
from the vessel wall through the active bloodstream [3].
There are many causes of the platelet plug formation
disorders that lead to pathological bleeding. Excessive
bleeding remains a serious complication in a cardiac
surgery patients, which requires transfusions of blood
products, and also involves the need of re-exploration
for bleeding, which significantly increases the adverse
outcomes and elevates the morbidity and mortality [4].
These bleedings may have a different etiology, both sur-
gical and resulting from disorders in the coagulation
process itself. Coagulation disorders occur most often
in the form of platelet diathesis due to platelet defi-
ciency or their dysfunction. Thrombocytopenia poses a
serious therapeutic problem. Its etiology is of auto-
immune or idiopathic nature, a symptom of systemic
diseases, such as the result of acute infection, heparin
-induced thrombocytopenia (HIT), liver disease, hemo
lytic-uremic syndrome (HUS), disseminated intravascu-
lar coagulation (DIC), but also decreased platelet pro-
duction induced by bone marrow dysplasia, increased
degradation and accumulation in the spleen [5, 6]. The
majority of urgent patients qualified for cardiac surgery
take antiplatelet drugs, that cause completely and irre-
versibly blocked platelet function. The standard labora-
tory tests of the coagulation system (PLT, INR, APTT)
performed before each procedure have a small predict-
ive value. Only thrombocytopenia of <50 x 10°/ L is
associated with significant hemostatic disorders [7].
Despite the fact, that the platelet count does not provide
any information about their activation potential, it still
remains to be the standard in the preoperative bleeding
risk assessment in cardiac surgery patients. The activity of
platelet receptors and the degree of their blockade are
important parameters that should also be assessed in the
preoperative setting. Long waiting time for the result of
the standard laboratory tests pose also a serious problem
especially in the situation of acute hemostatic disruption.
The latest European recommendations regarding the
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management of massive bleeding and coagulopathy in-
clude alternative diagnostic methods based mainly on the
point-of-care principle (POC), which provides a quick and
a bedside assessment of coagulation disorders [8].

Vascular hemostasis is followed by platelet hemostasis
(activation, adhesion, and aggregation of platelets), wh
ich is the prelude to the cascade of enzymatic processes
with the final effect of clot formation [9]. A favorable
platelet response to vascular injury and blood loss initi-
ates a plasma coagulation cascade. On the other hand,
this physiological defense reaction in atherosclerosis
patients may cause thrombotic disease, which may result
in a myocardial infarction or ischemic stroke [10]. The
monitoring of platelet function is used in the diagnosis
of acquired and congenital thrombocytopathy as well as
in the optimization in the dosage of antiplatelet drugs,
preoperative screening of patients qualified for surgery
and to determine the possible need for blood products.
Multiplate® Analyzer (Roche, F. Hoffmann-La Roche
Ltd., Switzerland) is a point-of-care (POC) device that
allows, in a very short time, the bedside assessment of
the platelet activity. In patients undergoing cardiac
surgery, coagulation diagnosis methods, such as throm-
boelastometry and the Multiplate® Analyzer, are finding
a wider and wider application, entering the standards of
the safe patient delivery through the procedure. The
POC method for assessing the platelet responses to ADP
was included in the Society of Thoracic Surgeons and
Society of Cardiovascular Anaesthesiologists Guidelines
for Blood Conservation Clinical Practice [11]. It allows
the identification of patients who are insensitive to P,Y1,
inhibitors, in particular to clopidogrel. It has a special
application in patients qualified for urgent procedures
because it allows skipping the recommended waiting
period after discontinuation of antiplatelet therapy, in
order to carry out the procedure safely and early enough
(Class IIb, Level of Evidence C).

Diseases of the liver and kidneys are frequent acquired
platelet dysfunctions. Thrombocytopenia is the most
common accompanying problem affecting up to 55% of
patients with end-stage renal insufficiency (ESRD) and
up to 76% of patients with hepatic insufficiency [12].
Platelets also play an important role in the inflammatory
response, which is the main process occurring in both
liver fibrosis and kidney diseases [11]. Chronic kidney
disease is associated with a high risk of cardiovascular
disease. ESRD, due to the effect of uremic toxins, predis-
poses to both bleeding and thrombosis [11]. Renal
replacement therapy slightly improves platelet function
but does not completely eliminate the bleeding tendency
[13]. The pathophysiology of bleeding is not fully under-
stood, but it is not due to thrombocytopenia. Platelets in
uremia present a defects in GPIb-V-IX-vWF complex,
platelet content secretion and platelet GPIIb-IIla rece
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ptor [11]. As renal failure progresses, the pro-thrombotic
potential increases, which elevates the risk of mortality
due to cardiovascular diseases. In patients with mild to
moderate renal impairment, there is a tendency for ad-
hesion and aggregation of platelets through the
increased platelet activity as well as a weak response to
antiplatelet therapy [14—16]. The liver, by the production
of coagulation and anticoagulation factors, plays also an
important role in the coagulation process. That is why
its dysfunction is associated with various disorders. The
platelets undergo qualitative and quantitative dysfunc-
tion. Vitamin K deficiency, production of aberrant coa
gulation cascade factors as well as hyperfibrinolysis and
DIC occurs [17]. The vWF factor is the only coagulation
factor not synthesized in hepatocytes, but in endothelial,
megakaryocytes and subendothelial connective tissue
and in liver failure its value is increased, which may
result from increased endothelial production, limited he
patic metabolism, or compensation mechanism that sup-
port primary haemostasis [18, 19]. Platelet disorders are
most often associated with thrombocytopenia in patients
with chronic advanced liver disease. The reason for this
is splenomegaly resulting from portal hypertension in
patients with cirrhosis [20]. Up to 90% of the pool of
correct platelets can be found in the enlarged spleen.
Routine tests such as PT, INR and APTT are often pro-
longed in these patients. Acute and chronic liver failure
also causes immunologic destruction of platelets [21].
Although there are many works linking kidney and liver
diseases with dysfunction of the coagulation process at
various levels, including platelet dysfunction, until now
the precise etiology of coagulation disorders has not
been fully understood.

A number of pharmacological agents used may also
interfere with the platelet function. In addition to the
targeted ASPI receptor inhibitors (aspirin), ADP (clopi-
dogrel and prasurgel) and alIfb3 integrilin blockers, also
known as GPIIb-IIIa (abciximab, eptifibatide, tirofiban),
which are well-known antiplatelet agents, other widely
used: NSAIDs, antibiotics, statins may impair the func-
tion of platelets and thus contribute to the creation or
deepening of the already existing platelet dysfunction
[22]. This is particularly important in patients with pla
telet dysfunctions caused by internal disorders, in which
they remain compensated, but only until their function is
not additionally pharmacologically disturbed [23]. Among
the cardiovascular drugs, nitrates and vasodilators are
conducive to lowering the reactivity of platelets. Statins
contribute to a decrease in the platelet activity and ability
to aggregate [22]. The most important factors in deter-
mining the physiology and pathology of platelets are their
quantity, quality and time of survival in blood [24]. Plate-
let count is a routine clinical study, but it is not a reliable
predictor of bleeding risk and does not allow to determine
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the cause of thrombocytopenia. POC diagnostics, allowing
quick assessment of platelet receptors function, seems to
be an indispensable tool, complementing the clinical sta
tus of the patient against high-risk cardiac surgery proce-
dures. As previously described, the platelet dysfunction, in
addition to the drugs used by the patient, is influenced by
a variety of factors that are not taken into account in
everyday clinical practice. The aim of this study was to
evaluate the activity of platelet receptors in patients quali-
fied for cardiac surgery, taking into account organ dys-
functions as well as pharmacological therapy applied in
these patients.

Material and method

After approval by the Bioethical Commission at the Me
dical University in Wroclaw, the clinical data of patients
operated on in the Department of Cardiac Surgery in
2015 were retrospectively retrieved. A total of n =76
patients were assessed for eligibility. Of those, n = 5 were
excluded through the lack of data, and n =71 patients
were enrolled in the study (Fig. 1). Two platelet recep-
tors, most often blocked by antiplatelet agents, were
evaluated using: ADP test determining ADP-induced
platelet activation, sensitive to clopidogrel, prasurgel,
and other ADP blockers, and ASPI test assessing acetyl-
salicylic acid-sensitive cyclooxygenase-dependent aggre-
gation, NSAIDs and other platelet cyclooxygenase in
hibitors. The results below the cut-off points: 570 AU x
min for ADP test and 710 AU x min for ASPI test were
considered to be the values with decreased activity of pla
telet receptors. The patients were divided into 4 groups
(Table 1, Fig. 1). Group I (33/71 patients, without
platelet dysfunctions), Group II (6/71 patients, ADP <
710 AU x min), Group III (13/71 patients, ASPI <570
AU x min) and Group IV (19 / 71 patients, ADP <710
AU x min and ASPI <570 AU x min). Biochemical data
defining the efficiency of the liver and kidneys, the list of
preoperative drugs used and the requirement for pos
toperative transfusion throughout the study group were
collected. Patients were routinely prepared for cardiac
surgery. A small dose of ASPI receptor blockers was
maintained up to the day before the procedure. ADP
blocker therapy was discontinued 5 days prior to surgery
as recommended by the ACC / AHA guidelines [25].
Platelet receptors dysfunction was assessed by the Multi-
plate® Analyzer that allows assessing the platelet function
in a whole blood sample, based on the principle of mul-
tiple electrode aggregometry (MEA) [26, 27]. It is based
on the fact that the platelets in the presence of added
soluble agonist become active, exposes their receptors
and promotes adhesion to the damaged vessel, in this
case also to the artificial surface. MEA is measured by a
special two sensory units composed of two electrodes
each. The impedance and resistance between them are
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Total study group
assessed for eligibility

n=76
Excluded:n=5
- patients with missing
data

Inclusion in the study
n=71

‘ Group Il
n=6
(ADP platelet receptor
dysfunction)

Group |
n=33
(normal PLT function) |

Group lll Group IV
n=13 n=19
(ASPI platelet receptor (ADP and ASPI platelet
dysfunction) receptors dysfunction

Fig. 1 Study group selection
A

Table 1 Division of the studied group depending on the activity of ADP and ASPI receptors

Group | Group Il Group llI Group IV
n =33 n=6 n=13 n=19
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AUC: 1U =10 AU x min
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measured continuously in Ohms (Q). When an agonist
is added to the sample, the platelets begin to aggregate
and settle on the electrodes, causing an increase in the
impedance signal between them. The device registers
this change in the form of a graph. The MEA expressed
in Ohms is presented as an aggregation unit (AU). The
measured area under the graph (AUC, 1U=10AU x
min) has a diagnostic value and is now a clinical param-
eter defining the receptor function [28].

Statistical analysis
The obtained results were statistically analysed using
Statistica 13.1 package (Statsoft, Poland).

Normality of the distribution of studied variables was
verified with Shapiro-Wilk’s test. Due to the rejection of
the hypothesis on the normality of the variables, the
non-parametric tests (Mann-Whitney test, Spearman
correlation, and Kruskal-Wallis ANOVA with post hoc
test - multiple comparison test) were used in the study.
The significance level of a = 0.05 was applied.

Results

The study group included 41 males (57.7%) and 30 fe-
males (42.3%), mean age 66 years. All of the patients
were subjected to cardiac surgery (n =31 CABG alone;
n =40 other procedures). The averaged results of labora-
tory tests as well as ADP and ASPI tests are presented
in Table 2. Most of the patients (94.4%) had platelet
counts within the normal range. However, the platelet
function was impaired in more than half of the studied
patients (53.5%). 20 patients (28.2%) presented a com-
bined dysfunction of ADP and ASPI receptors. 6 patients
(8.5%) manifested only ADP receptor dysfunction and
12 (16.9%) only ASPI receptor dysfunction (Fig. 2). No
relationship was found between the biochemical markers

Table 2 The averaged results of laboratory tests

Mean = SD median % interpretation

Hemoglobin [g/dL] 130£19 133 1 493%
Hematocrit [%] 389+53 396 1 40.8%
Platelets [x10°/uL] 230.1 £ 73.1 218 1 5.6%
INR 1.06 = 0.29 1.0 1 4.2%
PT [%] 972+ 124 99.3 1 2.8%
Bilirubin [mg/dL] 081 + 060 06 112.7%
ALAT 454 + 90.7 29.0 1 22.5%
ASPAT 408 + 533 26.0 1 29.6%
Urea [mg/dL] 496 + 340 40.0 1 394%
Creatinine [mg/dL] 129 £1.12 1.07 1 282%
eGFR 63.3 £ 206 69.0

ADP AUC, AU x min 7029 + 312.8 691 | 36.6%
ASPI AUC, AU x min 751.3 £ 390.1 782 1 451%
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of the kidneys and liver and the function of the ADP
and ASPI receptors (Table 3). ADP and ASPI activities
were related (rs=0.72, p <0.001) and both associated
with platelet count (rs = 0.55, p <0.001 and rs = 0.42, p <
0.001, respectively) (Figs. 3, 4). The patients were divided
into 4 groups according to ADP and ASPI receptor
activity and their laboratory results were compared. A
gain, no difference was observed between the levels of
biochemical markers of the kidneys and liver (Table 4).
The platelet counts were the highest for the Group I —
patients with normal receptor activity (275.2 +67.5),
slightly decreased for patients with decreased ADP activ-
ity — Group II (199.7 £32.1, p =0.006 vs Group I) or
ASPI — Group II (210.3+39.6, p =0.003 vs Group I,
p =0.553 vs Group II), and the lowest in case of com-
bined deficiency in receptor activity — Group IV (176.8
+61.6, p<0.001 vs Group I, with no statistical signifi-
cance when compared to single receptor deficiency).
Platelet receptor activity was not related to the postoper-
ative need for any type of transfusion. The need for RBC
transfusion (26 pts.) was related only to lower hemoglo-
bin or hematocrit levels (p =0.025 and p =0.044). The
need for platelet transfusion was associated with higher
INR and PT[%] (p =0.024 and p = 0.033). No statistically
significant correlation was found between preoperative
pharmacotherapy and platelet receptors activity.

Discussion

Platelet dysfunction is one of the causes of postoperative
bleeding. Bleeding in cardiac surgery is of a remarkable
importance factor in increased mortality. Ranucci et al.
in a study, conducted on a group of 15,000 cardiac
surgery patients, revealed that patients who suffered
from massive bleeding were at increased risk of stroke,
perioperative myocardial infarction, acute kidney injury,
sepsis and significantly increased mortality from 2.6% up
to 12.8% [29]. In our study, we performed point-of-care
examinations before the procedure, defining the func-
tioning of platelet receptors. The methods of diagnosis
of these receptors can be divided into three categories:
static tests, dynamic (non-activated) and tests of platelet
responses to an agonist [30]. Based on the latter, the
principle of the Multiplate® Analyzer is based. Its advan-
tage is the evaluation of whole blood aggregometry
(WBA) dysfunctions, i.e. in the presence of other cellular
components, such as erythrocytes, which directly pro-
mote platelet aggregation, and monocytes that induce
the formation of prostanoids [31]. This POC system is
easy to use. Requires minimal technical effort and basic
training. It can be performed outside a specialized la
boratory - for example in an ICU or operating theatre. It
is a useful tool for stratification of the risk of bleeding
and the potential demand for blood products in cardiac
surgery patients. This avoids unnecessary transfusions,
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Fig. 2 Distribution of ADP and ASPI receptor deficiency among the studied patients. Normal activity of both receptors was observed in 33 pits.
(46.5%), decreased ADP in 6 pts. (8.5%), decreased ASPI in 12 pts. (17%), activity of both receptors was decreased in 20 pts. (28.2%)
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as they not only save a life but also carry a significant
risk of complications [32].

We confirmed a significantly impaired receptors activity
in more than half of the studied patients (53.5%). No cor-
relation was found between the weakening of receptors
activity and the investigated harmful factors. Platelets in
the aspect of the data presented on the physiology of
coagulation are invariably an important and indispensable
element protecting the correctness of hemostasis, and on
the other hand, the complexity of this physiology makes
them extremely sensitive to all harmful factors. Mentioned
organ dysfunctions, biochemical disorders, and pharmaco-
therapy may negatively affect the thrombocytic cleavage
potential. In addition, cardiac surgery performed with the
use of a heart-lung machine and hypothermia may signifi-
cantly increase their initial even a small dysfunction.

The affection of platelet receptors in the obtained
results is significant. Decreasing the activity of the plate-
let receptors in the aspect of the planned cardiac surgery
enables preparation for the treatment of the problem of
postoperative bleeding by protecting the platelet concen-
trate. The total receptor blockade with the high risk of
bleeding for ADP is <310 AUC (31U) and for ASPI <
300 AUC (30 U). In our study group, 16 patients (22.5%)
experienced totally blocked platelet receptor, of which 5
patients (7%) both ADP and ASPI receptors at the same
time. There are no established standards for preventive
measures, especially based on the assessment of platelet
receptors activity. Further preoperative observations stu
dy with the use of Multiplate® may contribute to the cre-
ation of procedures that will enable safer cardiac surgery
in the extracorporeal circulation. An additional aspect of

Table 3 Correlations between receptor activity and laboratory parameters (Spearman correlation coefficient and p-value)

ADP ADP/PLT ASPI ASPI/PLT

rs p rs p rs p rs p
Hemoglobin [g/dL] 0.02 0.837 -0.14 0.231 0.07 0.538 0.01 0.943
Hematocrit [%)] 0.04 0.757 -0.12 0.325 0.13 0.290 0.07 0.569
Platelets [><1O3/pL] 0.55 < 0.001 -0.19 0.115 042 < 0.001 -0.23 0.049
INR 0.04 0.748 0.20 0.094 0.08 0484 0.15 0.206
PT [%] -0.04 0.747 -0.22 0.069 -0.06 0.641 -0.15 0.204
Bilirubin [mg/dL] -0.08 0.505 0.03 0816 0.05 0.705 0.10 0400
ALAT -0.03 0.785 -0.04 0.711 -0.00 0.983 0.02 0.894
ASPAT -0.09 0465 0.14 0.250 -0.06 0.635 0.12 0.325
Urea [mg/dL] -0.01 0.910 0.10 0.400 0.03 0.796 0.16 0.183
Creatinine [mg/dL] 0.01 0.934 0.22 0.060 -0.07 0.553 0.1 0.374
eGFR 0.00 1.000 -0.21 0.086 0.18 0.126 -0.02 0.874
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Fig. 3 Dot plot of ADP and ASPI receptor activity showing a strong correlation between both receptors (rs =0.72, p < 0.001)
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Table 4 The comparison of laboratory tests for the patients with various status of ADP and ASPI receptor activity

Group | Group Il Group Ill Group IV Kruskal ADP normal or | ASPI normal or |
herssd  MemsD  Meme  MensD WA womubinep iy
(33) (12) (20) P

Hemoglobin [g/dL] 129+18 134+18 132£12 129£26 0.988 0.839 0.808
133 132 133 134

Hematocrit [%)] 39.0£4.7 400+5.1 387+32 387+73 0.944 0.711 0.862
400 390 389 399

Platelets [X1 03/uL] 2752 +67.5 199.7 £32.1 2103 +396 1768 +61.6 <0.001 <0.001 <0.001
272 203.5 2145 185.0

INR 1.03+£0.10 1.03+0.06 1.00£0.07 1.16£0.52 0.730 0.896 0.298
1.02 1.03 1.00 1.00

PT [%] 980+£78 97.7 £48 982+85 95.0£20.1 0.857 0.752 0.389
982 976 1003 100.0

Bilirubin [mg/dL] 0.73+£040 0.95+£0.56 0.63 £0.26 1.01 £0.95 0.521 0.229 0.864
0.06 0.70 0.55 0.65

ALAT 418+ 464 27.7£10.7 273122 67.5+ 1605 0.849 0.620 0.972
280 29.5 24.0 315

ASPAT 354+293 262+6.2 269+85 623+90.8 0.370 0.283 0481
290 250 24.5 310

Urea [mg/dL] 466+ 260 543 +20.7 519+56.7 518+333 0.609 0337 0.804
40.0 50.0 39.0 40.0

Creatinine [mg/dL] 137+1.56 1.14+£ 049 1.27+0.72 121£036 0651 0.587 0239
1.08 095 113 1.07

eGFR 60.5 225 675+21.2 579+156 60.1 £20.1 0.254 0.547 0.049
710 755 59.5 61.0

ADP AUC, AU x min 938 +237 457 £ 60 744+ 143 364 +127 <0.001 < 0.001 <0.001
897 430 699 395

ADP/PLT 3612 23+04 3607 2311 <0.001 < 0.001 0.097
35 2.2 34 23

ASPI' AUC, AU x min 1066 + 243 853+ 124 494 + 229 356+219 <0.001 < 0.001 <0.001
1011 784 599 327

ASPI/PLT 41£12 45+£15 25+£14 23+£14 <0.001 <0.031 <0.001
38 38 27 24

the described problem is antiplatelet therapy — more
commonly used due to the increased incidence of car-
diovascular diseases. Preoperative monitoring based on
the POC principle is not widely used, however, it plays
an increasingly important role, in particular in cardiac
surgery departments. This study is important because an
increasing number of patients requiring urgent interven-
tion are treated with antiplatelet agents, including as-
pirin and P,Y;; ADP antagonists (i.e. clopidogrel,
prasurgel, ticagrelor). As mentioned previously, early
identification of these patients greatly facilitates the
selection of an adequate therapeutic pathway. Pearse et
al. in their work, showed that with the introduction of a

bleeding management protocol, in which one of the
components was the platelet receptors activity assess-
ment, led to a decrease in the frequency of transfusions
and the total number of blood products transfused as
well as significantly reduced exploration surgery frere-
quency, superficial chest and leg wound infections and
length of the postoperative hospital stay [33].

In the conducted studies, it was shown that platelet
receptors dysfunctions belong to one of the more fre-
quent causes of coagulation system disorders. While the
cause of some of them is possible to determine, there
remains a large group of patients in whom the etiology
of these dysfunctions we are unable to explain.
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Conclusions

Platelets are reactive morphotic elements of blood with
a complex function and structure that play a key role in
maintaining normal hemostasis. The function of platelet
receptors impairs many internal pathologies and external
factors, which in turn leads to a disruption of their par-
ticipation in the coagulation process. Platelet dysfunction
does not in every case lead to bleeding, but significantly
increases its risk. The problem of intraoperative bleeding
is extremely important as it affects the success of the sur-
gery and its perioperative mortality. Preoperative POC
diagnosis is an extremely useful tool that complements
the clinical status of the patient. It is finding a wider and
wider application in cardiac surgery departments, entering
the standards of safe patient delivery through the proce
dure. The above study failed to prove the relationship be-
tween platelet receptors disorders and mild to moderate
liver and kidney damage as well as preoperative pharmaco
logical therapy applied in patients qualified for cardiac
surgery. However, platelet receptors dysfunction has been
shown to be associated with a decreased number of plate-
lets. The pathophysiology of platelet disorders is still not
fully understood and requires further research and
observation.

Abbreviations

ACC: American College of Cardiology; ADP: Adenosine diphosphate;

AHA: American Heart Association; ALAT: Alanine transaminase;

ANOVA: Analysis of variance; APTT: Activated partial thromboplastin time;
ASA: Acetylsalicylic acid; ASPAT: Aspartate transaminase; AU: Aggregation
units; AUC: Area under the curve; cAMP: Cyclic adenosine monophosphate;
DIC: Disseminated intravascular coagulation; eGFR: Estimated glomerular
filtration rate; ESRD: End-stage renal disease; GP: Glycoprotein; HIT: Heparin-
induced trombocytopenia; HUS: Hemolytic-uremic syndrome; ICU: Intensive
care unit; INR: International normalized ratio; MEA: Multiple electrode
aggregometry; NSAIDs: Nonsteroidal anti-inflammatory drugs; POC: Point-of-
care; PT: Prothrombin time; RBC: Red blood cell; vWF: von Willebrand factor;
WBA: Whole blood aggregometry

Acknowledgements
Not applicable

Funding
Not applicable

Availability of data and materials

The data that support the findings of this study are available from the
University Hospital in Wroclaw but restrictions apply to the availability of
these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon
reasonable request and with permission of the University Hospital in
Wroclaw.

Authors’ contributions

KK Concept/design, Data analysis/interpretation, Drafting article, Data
collection. Mt: Concept/design, Data analysis/interpretation, Critical revision
of the article. JJ: Data collection, Data analysis/interpretation. KKK: Statistics.
GB: Critical revision of the article. WG: Critical revision of the article, Approval
of article. MJ: Critical revision of the article, Approval of article. All authors
read and approved the final manuscript.

Ethics approval and consent to participate
Bioethical Commission at the Medical University in Wroclaw.

Page 9 of 10

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Cardiac Surgery, Wroclaw Medical University, Wroclaw,
Poland. *Department of Anaesthesiology and Intensive Therapy, Wroclaw
Medical University, Borowska 213, 50-556 Wroclaw, Poland. 3Departmem of
Nephrology and Transplantation Medicine, Wroclaw Medical University,
Wroclaw, Poland.

Received: 7 June 2018 Accepted: 10 December 2018
Published online: 22 December 2018

References

1. Longo D, Fauci A, Kasper D, Hauser S, Jameson J, Loscalzo J. Harrison's
principles of internal medicine. 19th ed. New York: McGraw-Hill; 2016. p.
277-83.

2. Saluk J, Bijak M, Wachowicz B. The formation, metabolism and the evolution
of blood platelets. In: Phmd. 2014. http://www.phmd.pl/api/files/view/29521.
pdf. Accessed 10 Apr 2014.

3. Holinstat M. Normal platelet function. Cancer Metastasis Rev. 2017,36(2):195-8.

4. Moulton M, Creswell L, Mackey M, Cox J, Rosenbloom M. Reexploration for
bleeding is a risk factor for adverse outcomes after cardiac operations. J
Thorac Cardiovasc Surg. 1996;111(5):1037-46.

5. Greenberg EM, Kaled ES. Thrombocytopenia. Crit Care Nurs Clin North Am.
2013;25(4):427-34.

6. Gauer RL, Braun MM. Thrombocytopenia. Am Fam Physican. 2012;85(6):612-22.

7. Niemirowicz K, Zelazowska Rutkowska B, Wysocka J, Car H. Platelet number
disorders. In: Diagnostykalaboratoryjna; 2012. http://www.
diagnostykalaboratoryjna.eu/journal/DL_4_2012._str_455-460.pdf.

8. Rossaint R, Bouillon B, Cerny V, Coats T, Duranteau J, Fernandez-Mondéjar E,
Filipescu D, Hunt B, Komadina R, Nardi G, Neugebauer E, Ozier Y, Riddez L,
Schultz A, Vincent J, Spahn D. The European guideline on management of
major bleeding and coagulopathy following trauma: fourth edition. Crit
Care. 2016;20(1).

9. Broos K, De Meyer S, Feys H, Vanhoorelbeke K, Deckmyn H. Blood platelet
biochemistry. Thromb Res. 2012;129(3):245-9.

10.  Andrews R, Gardiner E, Shen Y, Berndt M. Platelet interactions in thrombosis.
IUBMB Life. 2004;56(1):13-8.

11. Lambert M. Platelets in liver and renal disease. Hematology. 2016;
2016(1):251-5.

12. Boccardo P, Remuzzi G, Galbusera M. Platelet dysfunction in renal failure.
Semin Thromb Hemost. 2004;30(5):579-89.

13.  Ghoshal K, Bhattacharyya M. Overview of platelet physiology: its hemostatic
and nonhemostatic role in disease pathogenesis. Sci World J. 2014,2014:1-16.

14. Martinovi¢ Z, Basic¢ Juki¢ N, Pavlovi¢ DB, Kes P. Importance of platelet
aggregation in patients with end-stage renal disease. Acta Clin Croat. 2013;
52(4):472-7.

15. Gremmel T, Muller M, Steiner S, Seidinger D, Koppensteiner R, Kopp C,
Panzer S. Chronic kidney disease is associated with increased platelet
activation and poor response to antiplatelet therapy. Nephrol Dial
Transplant. 2013;28(8):2116-22.

16. Thijs A, Nanayakkara PW, Ter Wee PM, et al. Mid-to-moderate renal
impairment is associated with platelet activation: a cross-sectional study.
Clin Nephrol. 2008;70:325-31.

17. Amitrano L, Guardascione M, Brancaccio V, Balzano A. Coagulation disorders
in liver disease. Semin Liver Dis. 2002;22(1):083-96.

18. Mammen EF. Coagulation abnormalities in liver disease. Hematol Oncol Clin
North Am. 1992,6(6):1247-58.

19.  Lisman T, Bongers T, Adelmeijer J, Janssen H, de Maat M, de Groot P,
Leebeek F. Elevated levels of von Willebrand factor in cirrhosis support
platelet adhesion despite reduced functional capacity. Hepatology. 2006;
44(1):53-61.


http://www.phmd.pl/api/files/view/29521.pdf.%20Accessed%2010%20Apr%202014
http://www.phmd.pl/api/files/view/29521.pdf.%20Accessed%2010%20Apr%202014
http://www.diagnostykalaboratoryjna.eu/journal/DL_4_2012._str_455-460.pdf
http://www.diagnostykalaboratoryjna.eu/journal/DL_4_2012._str_455-460.pdf

Kosiorowska et al. Journal of Cardiothoracic Surgery

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

(2018) 13:131

McCormick P, Murphy K. Splenomegaly, hypersplenism and coagulation
abnormalities in liver disease. Best Pract Res Clin Gastroenterol. 2000;14(6):
1009-31.

Samuel H, Nardi M, Karpatkin M, Hart D, Belmont M, Karpatkin S.
Differentiation of autoimmune thrombocytopenia from thrombocytopenia
associated with immune complex disease: systemic lupus erythematosus,
hepatitis-cirrhosis, and HIV-1 infection by platelet and serum immunological
measurements. Br J Haematol. 1999;105(4):1086-91.

Scharf R. Drugs that affect platelet function. Semin Thromb Hemost. 2012;
38(08):365-83.

Scharf RE. Management of bleeding in patients using antithrombotic
agents: prediction, prevention, protection and problem-oriented
intervention. Hamostaseologie. 2009;29(4):388-98.

Gardiner E, Andrews R. Platelet receptor expression and shedding:
glycoprotein Ib-IX-V and glycoprotein VI. Transfus Med Rev. 2014;28(2):56-60.
Levine G, Bates E, Bittl J, Brindis R, Fihn S, Fleisher L, Granger C, Lange R,
Mack M, Mauri L, Mehran R, Mukherjee D, Newby L, O'Gara P, Sabatine M,
Smith P, Smith S. 2016 ACC/AHA guideline focused update on duration of
dual antiplatelet therapy in patients with coronary artery disease. J Am Coll
Cardiol. 2016;68(10):1082-115.

Cardinal D, Flower R. The electronic aggregometer: a novel device for
assessing platelet behavior in blood. J Pharmacol Methods. 1980;3(2):135-58.
Fritsma G, McGlasson D. Whole blood platelet Aggregometry. Methods Mol
Biol. 2017;1646:333-47.

Ranucci M, Simioni P. Point-of-Care Tests for Severe Hemorrhage: A Manual
for Diagnosis and Treatment. Springer International Publishing. Switzerland;
2016. p40-42.

Ranucci M, Baryshnikova E, Castelvecchio S, Pelissero G. Major bleeding,
transfusions, and Anemia: the deadly triad of cardiac surgery. Ann Thorac
Surg. 2013,96(2):478-85. https://doi.org/10.1016/j.athoracsur.2013.03.015.
Shore-Lesserson L. Evidence based coagulation monitors: heparin
monitoring, Thromboelastography, and platelet function. Semin
Cardiothorac Vasc Anesth. 2005,9(1):41-52.

Rahe-Meyer N, Winterhalter M, Boden A, Froemke C, Piepenbrock S, Calatzis
A, Solomon C. Platelet concentrates transfusion in cardiac surgery and
platelet function assessment by multiple electrode aggregometry. Acta
Anaesthesiol Scand. 2009;53(2):168-75.

Horvath K, Acker M, Chang H, Bagiella E, Smith P, Iribarne A, Kron |, Lackner
P, Argenziano M, Ascheim D, Gelijns A, Michler R, Van Patten D, Puskas J,
O'Sullivan K, Kliniewski D, Jeffries N, O'Gara P, Moskowitz A, Blackstone E.
Blood transfusion and infection after cardiac surgery. Ann Thorac Surg.
2013;95(6):2194-201.

Pearse BL, Smith |, Faulke D, Wall D, Fraser JF, Ryan EG, Fung YL. Protocol
guided bleeding management improves cardiac surgery patient outcomes.
Vox Sang. 2015;109(3):267-79. https://doi.org/10.1111/vox.12279.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.athoracsur.2013.03.015
https://doi.org/10.1111/vox.12279

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Material and method
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

