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Abstract

v

Background: The aim of the present study was
to evaluate paediatric reference values for pla-
telet function using a point-of-care whole blood
impedance aggregometry.

Methods, Results & Conclusion: In 265 heal-
thy infants and children aged <18 years aggre-
gation was assessed on the Multiplate analyzer
(Dynabyte®, Munich, Germany), using arachido-
nic acid (ASPI: 0.5mM), TRAP-6 (TRAP: 32uM),
collagen (3.2ug), ADP (6.5uM) and Ristocetin
(Risto: 0.77mg/ml) in isotonic saline prediluted
(0.3 ml) hirudin-anticoagulated (25 ug/ml) whole
blood (1.3 or 5ml tubes). Aggregation was conti-
nuously recorded over five minutes. The increase
of impedance due to the attachment of platelets
to the electrodes was detected and transformed
separately to arbitrary aggregation units (AU)
plotted against time. Aggregation measured was
quantified as area under the curve (AUC) of ar-
bitrary units [AU *min]. Median [95 %confidence
interval] values and cut-off values ( <5™ and 10t
age-dependent percentiles were shown. Follow-
ing logarithmic transformation of baseline data
variance analysis showed significant differences
between age groups for induced aggregation
with ASPI (p<0.001) and TRAP (p= 0.002). Ove-
rall, infants aged 0.1-12 months showed the lo-
west values compared with the remaining age
groups. No gender differences were detected.

Zusammenfassung

v

Hintergrund: Ziel der vorliegenden Arbeit war
es, pddiatrische Referenzwerte fiir die Vollblut-
impedanzaggregometrie mittels Multiplate® zu
erstellen.

Methoden, Ergebnisse und Schlussfolgerung:
Bei 265 gesunden Kindern (<18 Jahre) wurde
die Thrombozytenaggregation mittels Multiplate
Analyzer (Dynabyte®, Miinchen) mit den fol-
genden Reagenzien gemessen: Arachidonsdure
(ASPI: 0,5mM), TRAP-6 (TRAP: 32uM), Kolla-
gen (3,2ug), ADP (6,5uM) und Ristocetin (Ri-
sto: 0,77 mg/ml). Die Probenentnahmerdhrchen
(1,3 oder 5ml) fiir Vollblut waren mit Hirudin
(25ug/ml) zur Antikoagulation beschichtet. Die
Phasen der Aggregation wurden kontinuierlich
iiber einen Zeitraum von 5 min dokumentiert.
Der durch die Anheftung der Pldttchen an die
Elektroden bedingte Anstieg des Widerstandes
wurde in Einheiten (AU) pro Zeit umgewandelt.
Die gemessene Aggregation wurde als Fldche
unter der Kurve als AU pro Minute (Au/min)
quantifiziert. Median (95%Vertrauensbereich)
und Schwellenwerte (<5 und 10t altersabhin-
gige Perzentile) wurden dargestellt. Nach loga-
rithmischer Transformation der Daten konnte in
der Varianzanalyse ein signifikanter Unterschied
der induzierten Aggregation mit ASPI (p< 0,001)
und TRAP (p= 0,002), nachgewiesen werden. Im
Vergleich zu dlteren Kindern hatten Kinder<12
Monate niedrigere Werte. Eine Geschlechtsab-
hdngigkeit konnten wir nicht finden.

Introduction

v

Primary haemostasis involves a controlled casca-
de of events where under flow conditions activa-
ted platelets play a key role. Vascular damage in-
duces the interaction with collagen, and von Wil-
lebrand factor leading to platelet activation,

which then through release of numerous activa-
tion propagates, i.e. platelet adhesion to the vas-
cular tissue, platelet aggregation, and formation
of a platelet plug. Apart from acquired platelet
function disorders, which in the majority of cases
are due to administration of antiplatelet agents
or antibiotics, inherited disorders of platelets
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constitute a group of rare diseases that give rise to bleeding syn-
dromes of variety severity also observed during infancy and
childhood [2,12]. Monitoring antiplatelet therapy or diagnosis
of a platelet function disorder is based on the observation of ab-
normalities of the patient’s platelets as compared to normal pla-
telets [2,4,5,12,13]. In the past, platelet function was assessed
mainly for platelet haemostatic capacity to control bleeding. The
physiologically closest way to test platelet function is the blee-
ding time by inducing a lesion and to measure the time required
to stop bleeding. A standardized method to test the bleeding
time has been developed using a template for the injury of the
microvasculature tissue with a defined length and depth of the
cut [9]. This method was widely used in the last decade but is not
very popular today and in children because it hurts, leaves scars
and is not very sensitive and specific. Another in vitro method, the
light transmission aggregometry, in which agonists can be added
to platelet rich plasma and then increase the light transmission
when platelets start to aggregate was first described by Born in
the early 60 [3]. This method still known as the gold standard,
has also a variety of limitations such as the need to separate pla-
telets from other cell components. However, none of the tests re-
ported including the “gold standard” are suitable for clinical prac-
tice, where a simple instrument enabling quick measurement of
platelet function with minimal volume of blood is needed.

Thus, to appropriate diagnose a platelet function disorder in a
point-of-care setting during early childhood or to monitor anti-
platelet agents in children the knowledge of the physiological
characteristics of platelets in the paediatric population is man-
datory [5-8,10-12]. The newly developed point-of-care instru-
ment [14] permits platelet aggregation to be measured after
adding commonly used agonists by detecting changes in electri-
cal resistance in small volumes of whole blood: Since paediatric
reference values for this promising method are missing, the aim
of the present study was to establish reference values in healthy
infants and children.

Methods

v

Ethics, patients and control subjects

The present study was performed in accordance with the ethical
standards laid down in the updated version of the 1964 Declara-
tion of Helsinki and was approved by the medical ethics com-
mittee of the University of Miinster, Germany. With written pa-
rental consent, 265 healthy children were enrolled. The control
children had no history of chronic diseases and were not on me-
dication at the time of recruitment. They presented as outpati-
ents for evaluation prior to minor surgery (planned circumcisi-
ons and hernias >90%) or potential bone marrow donation
(~10%). Blood cell counts of the healthy children enrolled were
within the normal age-dependent reference ranges reported for
children in our institutions (150000/ul-350000/ul for platelet
count). In addition, with parental consent aggregation curves of
two paediatric patients with known Glanzmann’s thrombas-
thenia are shown.

Exclusion criteria

Children with underlying medical conditions including obesity
(defined as body mass index >30kgm™2) or a personal resp. family
bleeding history or new laboratory evidence of an inherited or
acquired plasmatic coagulation disorder were not enrolled in
the present study to establish paediatric reference values.

Original Article

To demonstrate the differences to patients with inherited plate-
let disorders the Multiplate aggregation curves of 2 children
with Glanzmann’s thrombasthenia will be shown in addition.

Blood sample collection

Blood sample collection was done in the morning after a 12h
fasting period (infants 4-6 h); whole blood samples were drawn
by peripheral venipuncture into 1.3 or 5ml plastic tubes, contai-
ning hirudin (25 ug/ml) as anticoagulant. The blood was kept at
room temperature during the experiment.

Measuring platelet aggregation

Aggregation was assessed on the Multiplate analyzer (Dyna-
byte®, Munich, Germany), using adenosine diphosphate
(ADP:6.5uM), collagen (3.2ug), thrombin receptor-activating
peptide [TRAP-6: 32 uM], arachidonic acid (ASPI: 0.5mM), and
ristocetin (Risto: 0.77mg/ml) in isotonic saline prediluted
(0.3 ml) hirudin-anticoagulated whole blood (0.3 ml per test) as
recently described [14]. Measurements were performed bet-
ween 0.75 and 1.5h after venipuncture (time window given by
the manufacturer: 30-240 min [14]). Aggregation was continuo-
usly recorded over five minutes in two independent measuring
units (four silver-coated conductive copper wires) per test. The
increase of impedance due to the attachment of platelets to the
electrodes was detected and transformed separately to arbitrary
aggregation units (AU) plotted against time (AU *min). Aggrega-
tion measured was quantified as area under the curve (AUC) cal-
culated from the mean values from the two curves (internal con-
trol: accepted differences between curves: <20%). Method re-
producibility was 6.5%.

Statistical analysis

Normal data distribution was tested with Levene’s test for equa-
lity of variance and D’Agostino-Pearson test for normality (Med-
Calc® software, version 11.1.1.0 for windows XP). Since normal
distribution of baseline data was rejected, descriptive results
were reported as median values and 95 % confidence intervals
(CI). Based on literature data controls were divided into four age
groups: 0.1-12 months, 1.1-4 years, 5-9 years, and 10 - <18
years. Differences in baseline data between age groups were
analysed after log-transformed data using one-way analysis of
variance and Student-Newman-Keuls post hoc test for all pair-
wise comparisons. A p-value <0.05 was considered statistically
significant.

Results

v

Following logarithmic transformation (log-normal data) of base-
line aggregation data the ANOVA one way analysis of variance
showed significant differences between age groups for induced
aggregation with ASPI (aggregation: p<0. 001; AUC: p<0.001)
and TRAP (velocity: p<0.001; aggregation: p<0.001; AUC:
p=0.002). In contrast, no significant differences in baseline ag-
gregations between age-groups were found for collagen- (veloc-
ity: p=0.08; aggregation: p=0.1; AUC: p=0.07), ADP-(velocity:
p=0.6; aggregation: p=0.3; AUC: p=0.37) and ristocetin- (veloci-
ty: p=0.45; aggregation: p=0.5; AUC: p=0.1) induced platelet
aggregation respectively. Overall, the youngest children aged
0.1-12 months showed the lowest aggregation data compared
with the remaining age groups. No gender differences were de-
tected. Mean [min-max] body mass index [kgm™2] was within
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Table 1 Median and 95 % confidence interval M[95 %Cl] as well as 10%" and 5% age dependent percentiles of platelet function according to age groups

(back-transformed after logarithmic transformation).

Age group 0.1-12 months 1.1-4y 5-9y 10-<18y
Probands [n] 20 90 60 95
M [95% CI] M [95% ClI] M [95% CI] M [95% ClI]

10" percentile
5th percentile

10t percentile
5th percentile

10" percentile
5th percentile

adenosine diphosphate (ADP)

10t percentile
5th percentile

velocity [AU/min] 20 [14-23] 17 [16-19] 17 [15-18] 17 [16-19]
5.3 11 9 11
ND 7.5 8 9
aggregation [AU] 107 [74-123] 112 [109-123] 114 [101-119] 114 [108-122]
31 77 66 79
ND 54 58 67
AUC 659 [389-827] 697 [656-749] 687 [624-739] 683 [649-732]
243 482 384 430
ND 324 351 282
collagen (COL)
velocity [AU/min] 21[18-27] 22 [20-23] 21[19-22] 19 [18-21]
12 15 13 11
ND 13 12 9
aggregation [AU] 129 [101-144] 137 [133-147] 134 [127-142] 131[126-140]
67 105 98 93
ND 97 91 77
AUC 777 [639-920] 779 [715-815] 745 [675-787] 708 [678-763]
395 564 447 389
ND 503 420 257
*thrombin receptor-activating peptide (TRAP)
velocity [AU/min] 21[16-24] 24 [22-25] 24 [23-26] 25 [24-26]
9 17 17 19
ND 14 15 17
aggregation [AU] 101[82-118] 143 [132-148] 142 [136-153] 144 [140-152]
53 97 103 105
ND 73 96 94
AUC 606 [484-782] 800 [712-898] 894 [837-953] 921[867-965]
324 580 673 667
ND 437 578 537
*arachidonic acid (ASPI)
velocity [AU/min] 23 [16-29] 23 [21-26] 24 [21-26] 23 [22-25]
12 16 18 18
ND 15 16 15
aggregation [AU] 93 [80-114] 130 [123-137] 129 [121-137] 129 [127-140]
68 89 98 102
ND 81 80 87
AUC 587 [481-734] 830 [790-899] 834 [770-902] 834 [794-878]
279 574 612 658
ND 454 558 517
ristocetin (Risto)
velocity [AU/min] 50 [38-64] 42 [39-45] 44 [40-46] 41 [40-45]
24 27 30 29
ND 24 26 26
aggregation [AU] 222 [191-289] 252 [234-263] 252 [237-271] 243 [239-260]
151 179 214 192
ND 147 187 170
AUC 1442 [877-1654] 1446 [1293-1496] 1379 [1303-1446] 1323 [1250-1365]
891 1032 1087 1030
ND 904 984 903

Downloaded by: Universitat Minster. Copyrighted material.

* significant difference between age groups
NO: not determined

AU: arbitrary units

AUC: area under the curve

the normal range [15.8 [7.9-25.0]]. Back-transformed from loga-  lues, corresponding 95%Cls, and 10" and 5™ lower percentiles

rithmic transformation reference values for healthy infants and  are shown.

children are shown in © Table 1. For each parameter medianva-  © Fig. 1a-e show typical Multiplate curves during measure-
ment periods of 5-6min in a five year-old girl. The change in
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a ASP| test b TRAP test Fig. 1 a-e Typical Multiplate curves during
941 AU*min 1205 AU*min measurement periods of 5-6 min in a 5-year-
200 AU 200 AU old girl. The change in electrical impedance is
= calculated from the mean values of the 2 curves.
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electrical impedance is calculated from the mean values of the  Discussion

two curves. In addition, in © Fig. 2a-e Multiplate tracing curves
ina7.5-year-old male patient with Glanzmann’s thrombasthenia
type I are shown: In accordance with the classical aggregometry
(data not shown), none of the agonists added led to a change in
electrical impedance over the measurement period. In this pati-
ent the genetic analysis of the GPIlla [ITGB3] gene revealed a
homozygous mutation in exon 7 (c.A941C—p.D314A) responsi-
ble for the disease. In © Fig. 3a-e the Multiplate aggregation
curves in a 5.7-year-old female with Glanzmann’s thrombas-
thenia type II is shown: Typically for this less severely affected
child a very flat increase in electrical impedance is shown for the
agonists TRAP, COL and ADP. The AUC following the administra-
tion of RISTO is normal. Diagnosis was confirmed by flow-cyto-
metry [data not shown].

v

Patients with hereditary platelet function defects may display in
haemorrhagic patterns like thrombocytopenic bleeding. Bleed-
ing manifestations, however, may be severe or mild depending
on the underlying defect. Although exceptions are known, the
more severe the specific defect, the worse the bleeding tendency
is detected. Since the mid 1960s platelet aggregation testing has
been the mainstay used to diagnose and classify hereditary
platelet function disorders in patients in whom von Willebrand
disease or further plasmatic bleeding disorders have been exclu-
ded [1,16]. With careful attention to technical details, the aggre-
gation curves produced by various agonists provide a sensitive
method of detection of most the underlying patho-mechanisms:
the patterns of abnormalities in the aggregation curves can be
used to tentatively classify the underlying disease. Classical ag-
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Fig. 3 a-e Multiplate aggregation curves in a

a b
ASPI tESt . TRAP te*st . 5.7-year-old female with Glanzmann’s
53 AU*min 196 AU*min X X .

200 AU 200 AU thrombasthenia type II: Typically for this less
severely affected child a very flat increase in
electrical impedance is shown for the agonists
TRAP, COL and ADP. The AUC following the

1 100 100 administration of RISTO is normal. Diagnosis was
1 confirmed by flow-cytometry.
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gregometry is performed in platelet rich plasma prepared by
centrifugation of anticoagulated blood in specialized laborato-
ries only. Apart from its poor standardization across laborato-
ries, a major limitation of the classical aggregometric methods
for routine use in a paediatric population is that these techniques
are consuming much more plasma, i.e. up to 20 ml when perfor-
ming the complete testing. Technically, whole blood systems are
advantageous because they do not require preparation of plate-
lets. Thus, any whole blood systems test not platelets alone, but
also their interaction with the other cells in blood. This approach
appears to be closer to physiological conditions, and is easier to
handle. Therefore, the aim of the present study was to establish
paediatric reference values as a prerequisite for future clinical
studies for this whole blood point-of-care device.

This is the first study evaluating the point-of-care Multiplate®
whole blood aggregometry in healthy children. This method is
independent on platelet concentration [when platelets are wi-
thin the normal range], and had an analytical time window bet-
ween 30 and 240 min after blood sample collection [14]. In addi-
tion, the anticoagulant hirudin used in the sample collection
tubes has the advantage of preserving the physiological concen-
tration of ionised calcium and magnesium, and thus prevents
clotting by inhibiting the action of thrombin. In contrast, the
commonly used sodium citrate induces platelet Ca+ + flux. The-
refore, blood anticoagulated with sodium citrate should rest af-
ter collection that platelets could recover [4].

A further advantage of this method allows the clinician to use
small amounts of whole blood (1.3-5ml) to discriminate bet-
ween severe inherited platelet function disorders and normal
platelet function, as shown exemplarily for the two patients
with Glanzmann’s thrombasthenia. Although we have shown
the usefulness of whole blood impedance aggregometry to dis-
criminate between normal platelet function and Glanzmann’s
thrombasthenia in children, we further have to clarify the role of
this point-of-care instrument in diagnosing other inherited or
acquired platelet function disorders like Bernard-Soulier-Syn-
drome, or aspirin therapy in children with stroke. In addition,
due to the small number of infants enrolled further infants wi-
thin the first year of life have to be enrolled to obtain robust re-
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ferences values in this specific age group. Especially for the pae-
diatric stroke population this approach seems to be very promi-
sing: as shown and discussed before by Riess in 1986 and Velik-
Salchner and coworkers results of this method were no different
from those obtained with classical aggregometry for detecting
the effects of aspirin and clopidogrel in adult preoperative pati-
ents scheduled for elective surgery [15,17].

Keeping in mind that there is no single best method currently
available the correct diagnosis of inherited platelet function dis-
orders cannot be performed alone by aggregation studies in pla-
telet rich plasma or whole blood, and requires additional tools
such as flow-cytometry and molecular diagnosis, further multi-
centre studies are mandatory to get a feasible consensus for the
step by step diagnostic strategy on inherited and/or acquired
platelet function disorders in children.
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