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Abstract

Platelets play an essential role in haemostasis. Assessment of their function is vital for anaesthesiologists evaluating

haemostatic potential, especially during emergency operations. The monitoring of platelets function had been im-

plemented into the European recommendations for management of perioperative and posttraumatic bleeding. One
of the diagnostic methods described in the recommendations is multiple electrode aggregometry. As antiplatelet
therapy becomes more widely used in modern medicine, this method, in contrast to standard laboratory tests, can sig-
nificantly help to identify patients with drug-induced thrombocytopaty. The aggregometry enables prompt evaluation
of the platelets aggregation which is very useful for everyday decision-making in goal-directed hemostatic therapy.
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Blood platelets (PLT) are a basic morphotic element of
haemostasis. The platelet count determined in peripheral
blood testing is routinely taken into consideration while
assessing the safety of surgical procedures, including
anaesthesia (e.g. central and peripheral nerve blocks, vessel
cannulation). Since antiplatelet drugs are commonly used,
quantification of thrombocytes may not be sufficient to
stratify the patient’s perioperative risk of bleeding.

To obtain the most reliable information regarding the
haemostatic potential of PLT, it is vital to assess them quali-
tatively. The process of platelet haemostasis occurs in three
stages: platelet activation, adhesion and aggregation. Some
specific disturbances can occur during each of these stages,
preventing the formation of a cohesive, permanent platelet
plug.

The first reports concerning the methods of PLT function
assessment were published more than one hundred years
ago. The bleeding time introduced into clinical practice by
Duke was used to assess the time needed to form a platelet
plug after mechanical disruption of tissue continuity. For
many years, further advances in diagnostic procedures as-
sociated with this issue were hindered by difficulties in PLT
activation in vitro. A breakthrough was light transmission
aggregometry (LTA), in which aggregation results from the
use of appropriate agonists of PLT receptors (adenosine,
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arachidonic acid, adrenaline, collagen) [1, 2]. As the plate-
let plug grows, a proportional increase in the intensity
of a visible light beam passing through the sample is re-
corded. Despite its faults (platelet-rich plasma or specialist
laboratory facilities that are needed), LTA is still regarded as
the gold standard of PLT function testing [3].

In recent years, the methods assessing the function of
PLT have been substantially developed and popularised,
which is associated with the availability of easier-to-operate
and automated devices, no need for earlier preparation of
samples (whole blood assessment) and the fact that the
results can be obtained within several minutes. The techno-
logical advances have contributed to the development of
point-of-care (POC) tests for PLT function assessment [4, 5].

The POC methods for assessment of thrombocytes are
based on the analysis of aggregation and adhesion of PLT,
evaluation of the effects of shear forces on the formation of
a platelet plug, flow cytometry and the presence of throm-
boxane metabolites [6].

The POC test, which assesses the process of aggregation
in a similar way as LTA, is multiple electrode aggregometry
(MEA). MEA is a comprehensive diagnostic method for the
assessment of PLT dysfunctions [7]. The undoubted assets
of MEA, as compared with LTA, are a substantial simplifica-
tion of the diagnostic process (no need to use platelet-rich
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plasma), a shorter time required for obtaining results (less
than 10 minutes) and no need for qualified laboratory diag-
nosticians to operate the equipment. Therefore, MEA is used
for quick diagnosis of haemostatic disturbances.

The device using MEA for platelet function assessment
is a Multiplate analyser (Roche, Switzerland) (Fig. 1). The
technique is based on the evaluation of changes in electri-
cal impedance observed between the two double metal
electrodes immersed in blood. Whole blood samples are
collected in test tubes with hirudin or citrate. Once the
agonist of a particular pathway of activation is added to
the sample, the impedance increases proportionally, which
is associated with progressive aggregation of PLT on the
electrodes. The process is recorded graphically. To increase
accuracy, the measurementis recorded simultaneously from
two electrodes (two curves in the figure). The result (area
under the curve) is also expressed as a numerical value,
which can be related to the reference values calculated for
each test (Fig. 2).

The assessment involves the pathways of PLT aggre-
gation dependent on cycloxygenase (ASPltest), collagen
(COLtest), adenosine diphosphate (ADPtest), thrombin
(TRAPtest) and von Willebrand factor (RISTOtest) [8].

Figure 1. The Multiplate analyser (authors™ material)

The Multiplate device can be used for determinations of PLT
functions in patients on antiplatelet drugs (Fig. 3). MEA enables
monitoring of the changes in PLT aggregation induced by
acetylsalicylic acid and nonsteroidal anti-inflammatory drugs
(ASPlItest), derivatives of thienopyridine — ticlopidine, clopi-
dogrel, prasugrel, ticagrelor (ADPtest) or GPIIb/llla receptor
blockers — abciximab, tirofiban or eptifibatide (TRAPtest) [5, 9.

The limitations of MEA include the necessity to consider
the effects of haematocrit and platelet count (especially
thrombocytopenia) on the result obtained [7] and no pos-
sibility to evaluate the impact of vascular endothelium and
shear forces during the blood flow through the vessels due
to in vitro nature of the test.
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Figure 2. A graphic representation of the example MEA result using
the Multiplate analyser (authors’ material)
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Figure 3. Points of action of antiplatelet drugs (source: courtesy of Roche Diagnostics Polska)
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POC devices are increasingly being used in operating
suites, intensive care units, emergency departments, inten-
sive cardiologic care units or cardiac surgery departments.
Thanks to them, patients with congenital and acquired (e.g.
post-drug) PLT disturbances can be identified, the periope-
rative risk of bleeding stratified and blood preparations
provided, if need be. Moreover, the efficacy of antiplatelet
therapy can be monitored to increase the safety of central
and peripheral blocks [7].

The new methods for PLT function assessment pro-
vide relevant information about the haemostasis system;
therefore, their use was recommended in the guidelines
of the European Society of Anaesthesiology for manage-
ment of massive bleedings [10] and major trauma-related
bleedings [11].

Platelet dysfunctions are one of the causes of post-
trauma coagulopathy. The guidelines mentioned above
emphasise the shortage of studies evaluating PLT function
in trauma patients. The authors stress that in cases of ma-
jor traumas, the evaluation of primary haemostasis based
solely on the PLT count can lead to ineffective haemostatic
therapy [12, 13]. Due to the lack of PLT function assessment
in patients with post-trauma coagulopathy whose PLT count
is within the reference values, PLT concentrate transfusions
can be abandoned, which is likely to increase the mortal-
ity. Solomon et al. [14] have discovered that in a group of
patients who died due to their injuries, the MEA results
were below the reference values at the normal PLT count.
The same correlation was observed by Jacoby et al. [15]
in patients with traumatic brain injury. The recommended
management for the diagnosis of massive bleedings is
a combined use of the methods for PLT function assess-
ment and the global tests for haemostasis, such as throm-
boelastometry (ROTEM) or thromboelastography (TEG) [16],
as ROTEM and TEG show poor sensitivity for detecting and
monitoring PLT dysfunction resulting from the effects of
antiplatelet drugs and some other factors [14]. The Euro-
pean guidelines recommend the use of multiple electrode
aggregometry in patients with massive bleedings and post-
trauma coagulopathy suspected of using drugs blocking
platelet function (a grade 2C recommendation) [11].

Moreover, perioperative monitoring of haemostasis
assessing PLT function provides relevant therapeutic in-
formation for cardiac surgery in which their dysfunction is
a significant cause of bleedings [17, 18]. The preoperative
use of MEA (ADPtest) amongst patients receiving thieno-
pyridine derivatives and undergoing surgical procedures
with extracorporeal circulation enables the identification
of patients at high risk of postoperative bleeding [19]. The
combined use of MEA and global haemostasis tests (ROTEM
or TEG) contributed to reduced costs and improved treat-
ment outcomes in cardiac surgery [20].
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The methodsassessing PLT function are also used in trans-
plant surgery as increased PLT aggregation in the ADPtest
has been demonstrated to be positively correlated with
ischaemic postreperfusion liver injury, impaired early graft
function and thrombocytopenia [21].

Animportantissue included in the European guidelines
is the common use of antiplatelet drugs amongst patients
undergoing anaesthetic and surgical procedures. The au-
thors of recommendations emphasise the lack of explicit
guidelines regarding the intervals between antiplatelet drug
discontinuation and the intervention to be performed [10].
Bergmann et al. [22] used the ADPtest for the evaluation of
platelet blockage in a patient receiving ASA and clopidogrel
chronically, whose earlier-inserted epidural catheter had to
be removed. A certain limitation is the lack of defined refer-
ence values that could be used to determine the restoration
of complete PLT function in cases where antiplatelet therapy
has been discontinued. MEA performed before the initiation
of antiplatelet therapy can prove useful for determination
of anindividual level of PLT aggregation. Subsequently, this
result can be considered a reference point for PLT function
restoration in a particular patient (Fig. 4). The European
recommendations stress the importance of a short time
needed for POC testing, which enables multiple measure-
ments and an evaluation of the dynamic nature of the on-
going changes. The factor which can affect the reliability
of MEA results is the presence of thrombocytopenia. The
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Figure 4. The baseline test before the procedure and use of
clopidogrel (left) and 14 days after antiplatelet therapy (right)
(authors’ material)
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optimal PLT count is considered to be above 100 G L [23].
The use of MEA can also prove useful for monitoring the
effects of the therapeutic intervention applied, such as the
administration of desmopressin or platelet concentrate
transfusion [24, 25]. It is emphasised that in antiplatelet-
naive patients, the TRAPtest is the MEA option reflecting
the “global” PLT aggregative potential [19].

SUMMARY

According to the European guidelines, PLT function
assessment using multiple electrode aggregometry is an
important tool supporting the stratification of the risk of
haemostatic disturbances in the perioperative period and
after trauma. The method used in patients on antiplatelet
drugs, or in those with active bleedings following multiple
organ injuries, provides clinically relevant information that
can reduce the risk of haemorrhagic and thromboembolic
complications. Moreover, the use of MEA in everyday prac-
tice may be one of the elements of diagnostic manage-
ment increasing the safety of surgical procedures, including
anaesthetic management.
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