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Background - Light transmission aggregometry (LTA) is the most widely used 
laboratory method for an initial screening of patients with a suspected platelet 
function defect (PFD), and its use has also been proposed for assessing the 
efficacy of antiplatelet treatment (APT). An automated LTA method has 
been developed by Sysmex (Kobe, Japan) on a routine coagulation analyzer 
(CS-2400), together with a new research parameter called PAL (platelet 
aggregation level) to evaluate patients on APT.
Materials and methods - We evaluated the performance of CS-2400 compared 
to a stand-alone lumi-dual-aggregometer device in the diagnosis of PFD and 
in assessing the efficacy of APT. For these purposes, the study population was 
represented by a cohort of 23 patients with a previous diagnosis of PFD and a 
cohort of 28 patients on APT.
Results - Compared to healthy volunteers, patients with PFD showed 
a statistically significant reduction (p<0.05) in the maximal %light 
transmission, irrespective of the agonist used, both with the CS-2400 and the  
lumi-dual-aggregometer. As regards PFD patients, CS-2400 was effective in 
identifying the more severe defects, with a good sensibility and specificity, 
but less effective in identifying milder forms of PFD, such as platelet secretion 
defects. Patients on APT showed a statistically significant (p=0.001) reduced 
median %light transmission and PAL scores compared to healthy controls.
Discussion - Thanks to this LTA technology, CS-2400, a routine coagulation 
analyzer widely available in routine laboratories, could prove useful for initial 
assessment of patients with a suspected PFD. Moreover, the PAL scores were a 
fairly accurate reflection of the platelet response to APT.
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INTRODUCTION
Hemostasis is a complex biological system involving finely balanced cellular and 
humoral mechanisms which in normal conditions, preserves blood f luidity and blood 
vessel integrity and provides prompt control of bleeding in case of vascular injury by 
clot formation. Primary hemostasis is the first of two steps that leads to the formation 
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of a weak platelet plug and involves a close platelet-vessel 
interplay1-3.
Inherited or acquired abnormalities of platelet function are 
associated with an increased risk of bleeding, proving that 
platelets play an important role in hemostasis. Typically, 
patients with platelet disorders have mucocutaneous 
bleedings of variable severity and disproportionate 
hemorrhage after surgery or trauma4.
Light transmission aggregometry (LTA) is the most widely 
used method of studying platelet function during the 
initial screening of patients with a suspected platelet 
function disorder (PFD). LTA measures the transmission 
of light through a sample of platelet-rich plasma (PRP), 
which increases when platelets are induced to aggregate 
by different agonists. Due to its suboptimal sensitivity, 
a modification of traditional LTA has been developed, 
namely lumi-light transmission aggregometry (lumi-LTA), 
which measures platelet aggregation and secretion 
simultaneously5. After a diagnosis of PFD with lumi-LTA 
has been made, it is essential to measure the delta granule 
nucleotides (adenosine diphosphate [ADP], adenosine 
triphosphate [ATP]) and serotonin (5HT) content, so as 
to distinguish between a platelet secretion defect (PSD), 
characterized by a signaling pathway disorder leading to 
granule release defects, and a delta storage pool disease 
(δ-SPD), characterized by exhausted granule content, due 
to a deficiency in delta granule biogenesis6.
The use of platelet function tests has also been advocated 
to evaluate residual platelet activity as a possible predictor 
of thrombotic recurrence in patients with previous arterial 
thrombotic events while on antiplatelet treatment (APT)7.
LTA is a time-consuming and technically challenging 
method affected by many pre-analytical and analytical 
variables, which must be carefully controlled for by 
experts. Introducing automated devices could reduce 
the variability of the method. Recently, new automated 
coagulation analyzers, such as CS-2400 (Sysmex, 
Kobe, Japan) have made it possible to perform routine 
coagulation tests and platelet aggregation analysis on one 
single instrument8,9.
To date, only a few studies have evaluated the performance 
of CS-2400 series automated analyzers in platelet 
aggregation. Two of those included patients with suspected 
bleeding disorders but in those two studies, only one10 and 
three11 patients, respectively, proved to actually have a 

PFD, while the other two studies considered patients with 
suspected platelet function defects that were not better 
specified12,13. A few other studies have been conducted 
only on healthy volunteers to identify the correct agonist 
concentrations14 or to develop specific scores used for APT 
activity evaluation15.
This study aims to compare the results obtained using an 
LTA method applied in an automated high-performance 
coagulation system, CS-2400, and in a stand-alone device 
lumi-dual-aggregometer (Chronolog, Mascia-Brunelli, 
Milano, Italy), in a cohort of patients previously diagnosed 
with a PFD (PSD or δ-SPD) at our tertiary referral center 
and in a cohort of patients on APT. The primary outcome 
of the study was the evaluation of the diagnostic capacity 
of CS-2400 in combination with Revohem aggregation 
panel reagents (HIPHEN BioMed S.A.S., Neuville-sur-
Oise, France) in patients with a previous diagnosis of 
congenital or acquired PFD. The secondary outcome was 
the evaluation of the usefulness of CS-2400 in monitoring 
the effects of the drug regimen in a cohort of patients on 
chronic daily treatment with APT.

MATERIAL AND METHODS

Study design and population
This is a cross-sectional study performed on a historical 
cohort of patients followed at our center, either for a PFD 
or because they received treatment with antiplatelet drugs 
between January 1st 2020 and December 31st 2021.
The PFD had been diagnosed in patients with a history of 
bleeding when the platelet count was normal, together 
with the blood clotting screening (prothrombin time, 
activated partial thromboplastin time, fibrinogen) and 
the von Willebrand factor screening (von Willebrand 
factor antigen, ristocetin cofactor activity and factor VIII 
coagulant activity). To confirm the diagnosis of PFD, both 
aggregation and secretion were evaluated by lumi-LTA 
with a method based on the bioluminescent determination 
of ATP released from platelet δ-granules, as previously 
described5. To characterize the PFD as PSD or δ-SPD, the 
diagnostic process was then completed by measuring the 
platelet intragranular content of ATP, ADP, and serotonin 
as previously described16,17.
The cohort on APT was represented by those patients 
receiving daily treatment with ASA, clopidogrel, or both.
A group of subjects with no personal or family history of 
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hemorrhage/thrombosis, with normal platelet aggregation 
and secretion, and not receiving APT or any drug known 
to interfere with platelet function during the previous 10 
days, were used as healthy controls (HC) during the same 
study period.
The study was approved by the Ethic Committee of 
Milano Area 2 and was conducted in accordance with the 
Declaration of Helsinki. Written informed consent was 
obtained from all participating subjects.

Blood sampling
For platelet function studies, blood samples were 
collected from the antecubital vein using a 21-gauge 
butterf ly needle and a tourniquet which was released 
soon after  needle insertion. Thirty or 20 mL of whole 
blood (for our primary and secondary aim respectively) 
were collected in home-made tubes containing trisodium 
citrate 129 mmol/L (1/10 volumes).
To measure hematological parameters and immature 
platelets fraction (IPF%), whole blood samples were 
collected in K-EDTA tubes (Sarstedt, Verona, Italy) and 
analyzed in a Sysmex XN 1000 hematology analyzer 
(Sysmex) equipped with a f luorescence channel for 
platelets counting.

Platelet aggregation evaluation
In accordance with ISTH recommendations, PRP or PPP 
were obtained by centrifugation of citrated blood at room 
temperature at 200 × g for 10 min or 1,400 × g for 15 min, 
respectively18. The platelet counts in the PRP samples were 
not adjusted to a predefined value19.
LTA testing was simultaneously conducted for both assays 
and completed within 4 hours after blood sampling.
In the Chronolog aggregometer, platelet aggregation 
is performed at 37°C and at 1,000 rpm. After 1 min of 
incubation at 37°C without stirring, the agonists are 
manually added to 450 µL of PRP. The agonists routinely 
used in our laboratory for diagnostic workup were used 
for platelet aggregation (ADP 2, 4 and 20 µM; arachidonic 
acid, AA 1 mM; epinephrine 5 µM [Sigma-Aldrich, 
St. Louis, MO, USA]; collagen 2 μg/mL [Horn Collagen, 
Mascia Brunelli]) and for the evaluation of APT efficacy 
(ADP 2, 4 and 20 µM; arachidonic acid, AA 1 mM  
[Sigma-Aldrich]).
In the CS-2400 analyser, platelet aggregation is carried 
out at 37°C and at 800 rpm, as recommended. A quantity 
of 140 µL of PRP is incubated at 37°C for 30 seconds and 

different agonists are automatically added to the sample. 
A Revohem aggregation panel reagents were used for 
platelet aggregation (ADP 2, 4 and 20 µM; arachidonic 
acid 1 mM; epinephrine 5 µM; collagen 2 µg/mL) and for 
the evaluation of APT efficacy (ADP 4 and 20 µM; AA  
1 mM). The light transmission is recorded for 3 min (5 min 
for epinephrine), and the results expressed as percentage 
of maximal increase in light-transmission (LT%).
For PFD patients, the previous diagnosis was confirmed by 
evaluating the platelet secretion and δ-granules content. 
For patients on APT, a new parameter, platelet aggregation 
level (PAL) score, was developed in the CS-2400 analyser 
to monitor the effect of APT on platelet function20,21. The 
PAL score obtained using ADP as the agonist is called  
ADP-induced PAL (APAL), whilst the PAL score obtained 
using collagen is called collagen-induced PAL (CPAL). 
APAL and CPAL were calculated on the aggregation waves 
obtained using two concentrations of the considered 
agonists: ADP 1 and 10 µM and collagen 1 and 5 µg/mL 
(Revohem aggregation panel reagents).

Statistical analysis
Median and interquartile range (IQR) were used for 
continuous variables, and count and percentage were 
used to describe demographic and categorical clinical 
variables. Differences between groups were analysed 
using the unpaired non-parametric Mann-Whitney U 
test, while comparison between two methods in the 
same cohort of individuals was performed using the 
paired non-parametric Wilcoxon test. Threshold p-value 
for significance was set at 0.05. All reported p-values 
are two-sided. Receiver operating characteristic (ROC) 
curves were used to assess which parameters better 
discriminated the most severe from the milder defects. 
Areas under the ROC curves (AUC) were used as estimates 
of the predictive capability of the method. Correlations 
between IPF%, mean platelet volume (MPV), APAL and 
CPAL score were evaluated with the Spearman’s Rho 
correlation coefficient test. All analyses were performed 
with the statistical software SPSS (release 27.0, IBM SPSS 
Statistics for Windows, IBM Corp., Armonk, NY, USA).

RESULTS
Study participants comprised 23 patients (6 males) with 
a median age of 56 years (range 20-75) and a previous 
diagnosis of congenital or acquired PFD, divided into 

© SIM
TIP

RO Srl



353
Blood Transfus 2024; 22: 350-359  doi: 10.2450/BloodTransfus.601

Automated aggregometry for detecting platelet function defects

12 PSD and 11 δ-SPD (data obtained at the time of 
diagnosis are reported in Table I); 28 patients (14 males) 
with a median age of 66 years (range 23-87) on chronic 
daily treatment with APT (15 with clopidogrel 75 mg od, 
9 with clopidogrel 75 mg od + ASA 100 mg od, 4 with 
ASA 100 mg od); and 19 HC (12 males) with a median age 
of 39 (range 18-59) years.

Patients with platelet function defects
Platelet aggregation performed with Chronolog and  
CS-2400 aggregometers showed a statistically significant 
reduction in the maximal LT% in the group of patients 
with PFD compared to HC, irrespective of the agonist 
used. Interestingly, the median LT% in both PFD patients 
and HC obtained with CS-2400 aggregometer were 
significantly higher than those obtained with Chronolog 
aggregometer (Figure 1).

To evaluate the ability of the LT% measured with  
CS-2400 to distinguish patients with a PFD from HC, a 
ROC curve analysis was performed. ROC curves showed 
that the LT% measured with CS-2400 with all agonists 
was an ef fective discriminator for distinguishing 
between the two groups (area under the ROC curve 
>0.70) (online supplementary Figure S1). Youden index 
analysis was used to calculate the cut-of f values of 
the LT% with the best trade-of f between sensitivity 
and specificity for discriminating HC (>cut-of f ) from 
PFD suf ferers (<cut-of f ). At this point, an agreement 
test of HC/PFD diagnosis was made at our centre with 
Chronolog aggregometer and the cut-of f values of the 
LT% measured with CS-2400, and a reasonable degree 
of concordance emerged, with a Cohen’s k coef ficient 
between 0.5 and 0.6 according to the used agonist.

Table I - Median values (IQR) of percentage of light transmission, release of adenosine triphosphate (ATP) and intraplatelet granule content, 
serotonin (5HT) and the nucleotides adenosine diphosphate (ADP) and ATP, in platelet function defects (PFD), platelet secretion defects (PSD) and 

δ-storage pool disease (δ-SPD) obtained at the time of diagnosis

Normal 
values

PFD
(No.=23)

PSD
(No.=12)

δ-SPD
(No.=11)

p-value
PSD vs δ-SPD

Platelet aggregation (%)

ADP (4 µM) >58 45 (34-56) 52 (41-58) 41 (31-52) 0.276

ADP (20 µM) >64 61 (50-76) 72 (58-79) 51 (46-63) 0.023

Collagen (2 µg/mL) >66 72 (35-81) 81 (72-84) 25 (15-62) 0.002

U46619 (0.5 µM) >53 51 (9-78) 74 (22-83) 4 (4-50) 0.034

U46619 (1 µM) >65 68 (44-83) 83 (69-90) 51 (24-61) 0.005

TRAP (10 µM) >48 20 (14-55) 27 (14-85) 17 (8-29) 0.106

Arachidonic acid (1 mM) >62 64 (51-78) 75 (64-83) 49 (15-65) 0.003

Released ATP (nmol/108 platelets)

ADP (4 µM) 0.022-0,098 0.000 (0.000-0.000) 0.000 (0.000-0.000) 0.000 (0.000-0.000) 0.186

ADP (20 µM) 0.036-0,612 0.000 (0.000-0.036) 0.033 (0.000-0.055) 0.000 (0.000-0.000) 0.030

Collagen (2 µg/mL) 0.168-0,932 0.354 (0.060-0.422) 0.402 (0.356-0.452) 0.028 (0.000-0.098) <0.001

U46619 (0.5 µM) 0.018-1,270 0.000 (0.000-0.180) 0.142 (0.000-0.207) 0.000 (0.000-0.000) 0.008

U46619 (1 µM) 0.100-1,030 0.113 (0.000-0.242) 0.214 (0.129-0.280) 0.000 (0.000-0.086) 0.003

TRAP (10 µM) 0.012-1,074 0.000 (0.000-0.065) 0.000 (0.000-0.389) 0.000 (0.000-0.000) 0.071

Arachidonic acid (1 mM) 0.201-1,020 0.308 (0.270-0.478) 0.451 (0.295-0.559) 0.121 (0.000-0.342) 0.005

Intraplatelet granules content

5HT (nmol/108 plts) 0.23-0.58 0.31 (0.16-0.42) 0.41 (0.35-0.52) 0.16 (0.12-0.18) <0.001

ADP (nmol/108 plts) 1.23-3.91 1.22 (0.50-2.02) 2.03 (1.82-2.62) 0.53 (0.34-1.05) <0.001

ATP (nmol/108 plts) 3.86-7.82 4.27 (3.65-6.12) 4.11 (3.98-6.22) 4.43 (3.40-5.67) 0.560

ATP/ADP 1.43-3.26 3.77 (2.08-8.98) 1.90 (1.76-2.48) 8.41 (3.91-11.76) 0.003

p-value calculated with Mann-Whitney U test. *p<0.05.
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Online supplementary Table SI reports the results of a sub 
analysis conducted in the cohort of PFD patients evaluated 
with CS-2400. Following our diagnostic criteria, an 
increase in LT% below the 5th percentile of the distribution 
of results from HC (<48%, <69%, <88%, <88%, <76%, <28% 

with CS-2400, for ADP 2-4-20 µM, collagen 2 ug/mL, AA 
1 mM and epinephrine 5 µM, respectively) was defined as 
abnormal aggregation, while an increase in LT% above the 
5th percentile was defined as normal aggregation. CS-2400 
identified the patients with an abnormal LT% with strong 

Figure 1 - Percentage of light transmission (LT%) in Chronolog aggregometer with routinely used agonists and CS-2400 
aggregometer with Revohem agonists in healthy controls (white boxes) and in bleeding patients with platelet function 
defects (grey boxes)
p-value calculated by the unpaired non-parametric Mann-Whitney U test for differences between groups and by the paired non-parametric 
Wilcoxon test between two methods in the same cohort of individuals *p<0.05; **p<0.01; ***p<0.001.
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Figure 2 - Percentage of light transmission (LT%) obtained with Chronolog aggregometer with routinely used agonists 
(panel A) and CS-2400 aggregometer with Revohem agonists (panel B) in healthy controls (HC) and patients on treatment 
with antiplatelet drugs (D)
p-value calculated with Mann-Whitney U test: *** p<0.001.

agonists (ADP at the higher concentration, collagen and 
AA) whereas when weak agonists were considered (ADP at 
the two lower concentrations and epinephrine), CS-2400 
classified the patients as normal, proving less effective at 
identifying patients with a low response to weak agonists.

Patients on antiplatelet drugs
Platelet aggregation performed with Chronolog and 
CS-2400 aggregometers showed a statistically significant 
reduction in the maximal LT% in patients on APT 
compared to HC with all agonists (Figure 2).
Subsequently, patients were divided as having achieved 
a complete drug response when the LT% was below the 5th 

percentile of the distribution in the HC (<35%, <49%, <55% 
for Chronolog and <73%, <89%, <84% for CS-2400, with 
ADP 4 µM, ADP 20 µM and AA 1 mM, respectively) and an 
absent response when above with all agonists. A partial 
response was defined as an LT% reduction below the 5th 
percentile with at least one agonist. An agreement test 
between CS-2400 and Chronolog showed a fair degree of 
concordance,  with a Cohen’s k coef ficient of 0.421. More 
in detail, CS-2400 as compared to Chronolog identified 
23 vs 20, 4 vs 3 and 1 vs 5 patients as having a complete, 
partial, or absent response, respectively (data not shown).
In all patients on APT, the median value (IQR) of the 
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Figure 3 - APAL and CPAL scores (on the left) in healthy controls (HC) and patients on treatment with antiplatelet drugs (D) 
evaluated with CS-2400 aggregometer and Revohem agonists and (on the right) in HC and in patients on treatment with 
ASA/Plavix/Plavix + ASA
p-value calculated with Mann-Whitney U test: *** p < 0.001.

Table II - Median (IQR) of APAL and CPAL scores in healthy controls and all patients on treatment with antiplatelet drugs, in ASA/Plavix/
Plavix+ASA, evaluated with CS-2400 aggregometer and Revohem agonists

APAL p-value vs HC CPAL p-value vs HC

HC (No.=19) 9.7 (8.8-10.0) 10.0 (10.0-10.0)

D (No.=28) 6.4 (5.9-8.0) <0.001 7.1 (5.7-8.5) <0.001

ASA (No.=4) 8.9 (8.0-9.7) 0.362 6.7 (6.2-7.2) <0.001

PLAVIX (No.=15) 6.4 (5.8-7.0) <0.001 8.5 (7.8-10.0) <0.001

PLAVIX + ASA (No.=9) 6.2 (5.6-7.2) <0.001 4.7 (4.5-6.4) <0.001

p-value calculated with Mann-Whitney U test: *** p<0.001; HC: healthy controls; D: drugs; APAL: ADP-induced PAL; PAL: platelet aggregation level.

APAL and CPAL score was significantly lower than in 
HC (6.4 [5.9-8.0] vs 9.7 [8.8-10.0] and 7.1 [5.7-8.5] vs 10.0  
[10-10] respectively) (Figure 3, Table II). Median (IQR) 
platelet count was significantly lower in patients than in the 

control group (216 [191-241] vs 253 [231-292] × 103/uL; p<0.05) 
whereas there was no significant difference in IPF% (4.6 
[3.3-6.6] vs 3.9 [2-5.2]) and MPV (10.8 [10.4-11.5] fL vs 10.8 
[9.3-11.5] fL). As expected, there was a positive correlation 
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between IPF% and MPV both in controls (p<0.001) and 
patients on APT (p<0.05), while no correlation was found 
between these parameters and APAL and CPAL scores 
(data not shown).

DISCUSSION

Patients with platelet function defects
The LTA method, and particularly its modified version, 
lumi-LTA, which measures platelet secretion in parallel 
with aggregation, represents the gold standard to 
measure platelet function in patients with a bleeding 
history and a suspected defect in platelet function, due 
to its high sensitivity to the less severe but most common 
disorders characterized by defective release in presence 
of normal LT%5.
The LT% of CS-2400 proved able to distinguish between 
HC and the historical cohort of patients with PFD with 
a discreet agreement (Cohen’s k coefficient 0.5-0.6) 
although CS-2400 failed to identify cases of mild PFD, 
which normally have a complete response with strong 
agonists but normal aggregation and no secretion with 
weak aggregating agents such as ADP and epinephrine.
The platelet aggregation induced by agonists is 
subsequently amplified by the production of TxA2 from 
membrane phospholipids and by the secretion of ADP 
from the platelet delta granules. Therefore, the platelet 
aggregation observed in a light transmission aggregometer 
is that induced directly by the agonist plus the contribution 
of released ADP. Strong agonists such as collagen, in 
vitro directly induce platelet aggregation together with 
TxA2 synthesis and ADP secretion that amplify platelet 
aggregation response. On the other hand, weak agonists 
such as ADP and epinephrine, in vitro directly induce 
platelet aggregation without secretion, which is induced 
by the close platelet-to-platelet contact that occurs during 
normal platelet aggregation in presence of healthy platelet 
signalling pathways5. Based on these results, CS-2400 
LTA performed very well (with a sensibility of 100% and a 
specificity of 83%, with collagen being the agonist with the 
best performance) when identifying the more severe PFD 
such as δ-SPD. On the other hand, CS-2400 LTA was not 
so effective at identifying less severe PFD, such as a PSD.
In our historical cohort of 23 PFD patients (12 PSD and 
11 δ-SPD), the CS-2400 with Revohem agonists panel 
was able to identify 18 patients with an LT% below the 

5th percentile of the distribution of results in HC with at 
least one agonist, including 7 out of 12 (58%) PSD and 11 
out of 11 (100%) δ-SPD previously diagnosed using the 
gold standard test consisting lumi-LTA together with 
delta granule content. CS-2400 missed the diagnosis of 5 
patients with a weak PSD.
These findings are not unexpected, given that LTA 
sensitivity to the most common PSDs is suboptimal26, 
thereby confirming the need for further testing to obtain 
a definitive diagnosis.
The performance of automated coagulation analyzers 
for platelet aggregation testing has been recently been 
assessed using stand-alone aggregometers in other 
studies, which showed a good agreement between the 
two methods. Two studies evaluated 39 patients with a 
suspected PFD and 20 patients with a wide variety of 
hemostatic disorders, respectively27,28. While the first one 
was conducted on suspected and not already diagnosed 
PFD, the second one included many different hemostatic 
disorders, including only 3 patients with Glanzmann 
thrombasthenia, but without patients with the most 
common PFDs. Our study, on the other hand, enrolled 
patients with a previously confirmed diagnosis of PFD and 
each patient was well characterized by means of second 
filter tests such as secretion and intragranular dosages 
for the PFD subtype, including δ-SPD and PSD. Moreover, 
compared to these previous published works, our own 
study showed not only a good agreement between the 
two methods, but also that CS-2400 was able to identify 
the most severe defects, making this method suitable for 
initial screening of patients with a suspected PFD.
Here, we evaluated the performance of CS-2400 in a 
historical cohort of already diagnosed patients. In the 
future, the diagnostic capacity of this analyzer in terms 
of sensibility and specificity needs to be evaluated in a 
prospective study of consecutive patients referred for 
a bleeding history and without a previously confirmed 
diagnosis.

Patients on antiplatelet drugs
Platelet function tests have also been suggested for 
evaluating the efficacy of treatment with antiplatelet 
agents in addition to the diagnosis of PFD. The most 
commonly used antiplatelet drugs are acetylsalicylic 
acid (aspirin) and the antagonists of the platelet P2Y12 
receptor for adenosine diphosphate (mainly clopidogrel). 
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Since many reports have described the variability of the 
individual response to these agents29, managing to single 
out those patients with a poor pharmacological response 
is a important clinical issue, given that it is crucial to start 
alternative therapeutic approaches promptly. Patients 
with a poor response to APT may be identified with platelet 
function tests, even though are many issues about this 
approach which still need to be resolved29. Although there 
are several point-of-care devices that specifically address 
ADP receptor compliance (including PFA-200 with the P2Y 
cartridge30 or the VerifyNow31), one of the conventional 
methods for testing platelet responsiveness is LTA32. 
However, given that platelet aggregation increases with 
the agonist concentration and then stabilizes once a 
certain concentration is reached, a single concentration 
of the agonist, due to intraindividual variability, may 
not provide sufficient information on the treatment 
efficacy in the examined patient. Therefore, in order to 
better evaluate the effect of APT, Sysmex technology has 
developed a new scoring method that compares the results 
obtained from two different concentrations of the same 
agonist (high and low) resulting in an index called platelet 
aggregation level (PAL). PAL score has been designed for 
two agonists: ADP to evaluate the antiplatelet activity 
of P2Y12 receptor antagonists and collagen to evaluate 
the response to COX-1 inhibitors. These two agonists are 
used at low and high concentrations. The score calculated 
from the two ADP concentrations is termed ADP-induced 
PAL (APAL), and that calculated from the two collagen 
concentrations as collagen-induced PAL (CPAL)15. These 
scores may range from 0 to 10. Higher PAL score values 
indicate higher levels of platelet aggregation, ref lecting 
a poor or absent response to APT, while lower PAL score 
values indicate lower levels of platelet aggregation, 
ref lecting an appropriate response to APT.
To evaluate the usefulness of CS-2400 in monitoring the 
effect of APT, our study measured the LT% on CS-2400 
and compared it to Chronolog in a group of patients on 
APT. Test agreement between the two analysers amounted 
to 82%. Twenty-three out of 28 patients had a concordant 
drug response with the two methods, and 5 had a reduced 
response with CS-2400, indicative of greater APT 
efficacy. More specifically, CS-2400 identified 27 patients 
as effectively anti-aggregated (23 with complete and 4 
with partial response) compared to the 23 identified by 

Chronolog, therefore overestimating the response to the 
antiplatelet agent. The sample size was too low to reach 
any firm conclusions, but these results highlight that LT% 
with CS-2400 is not an optimal tool for initial screening, 
due to its high sensitivity to antiplatelet agents. On the 
other hand, by comparing two concentrations of the same 
agonist, the PAL scores reduce the variability in the same 
subject and are more reliable as measurements of the 
efficacy of antiplatelet agents compared to LT% alone.
As expected, the PAL scores varied in a drug-dependent 
manner, ref lecting their mechanism of action, with the 
APAL score being lower in patients on P2Y12 antagonists 
and CPAL score lower in patients on COX-1 inhibitors. 
Furthermore, both median APAL and CPAL scores were 
lower in dual compared to single drug therapy, confirming 
in vitro studies14.
Until now, no clinical studies have established the cut-off 
values of anti-aggregation that correlate with thrombotic 
event relapse while on treatment, and prospective studies 
are needed to address this issue. Moreover, there are still 
no cut-off values for the PAL scores which can distinguish 
between a good or bad platelet response to APT. However, the 
present study has shown the potential of these scores: further 
investigations with a higher number of patients are now 
necessary, so as to confirm their significance and usefulness.

CONCLUSIONS
Our study shows that the automatic analyzer 
CS-2400 compares favourably with a stand-alone device, 
Chronolog-LTA, in both PFD detection and APT response 
evaluation.
CS-2400 was fairly good at distinguishing HC from 
patients with PFD and was good at distinguishing 
patients with PSD from patients with δ-SPD. Moreover, 
the newly developed PAL scores showed great promise in 
their capacity for evaluating residual platelet activity in 
patients on APT.
In conclusion, thanks to its easy handling and its ability 
to perform routine coagulation together with platelet 
aggregation tests, we believe that CS-2400 could become 
useful for initial screening in those patients with a bleeding 
diathesis and suspected defect in platelet function, which 
needs to be confirmed with more specific tests. Moreover, 
in combination with PAL scores, it could also be used to 
evaluate platelet response to APT.

© SIM
TIP

RO Srl



359
Blood Transfus 2024; 22: 350-359  doi: 10.2450/BloodTransfus.601

Automated aggregometry for detecting platelet function defects

Acknowledgments
The Fondazione IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico is member of the European Reference Network 
(ERN) EuroBloodNet.
The Authors thank Sysmex Corporation for providing 
reagents and instruments.
We thank Luigi Ghilardini for his precious contribution 
on figures and tables editing.

Funding and resources
The study was (partially) supported by the Italian Ministry 
of Health - Bando Ricerca Corrente 2021.

Authors' contributions
AL and FP designed the study. MC, AA, LP and SLM 
collected data. LD and SLM analysed the data. AL and 
MC interpreted data and wrote the manuscript. All the 
Authors helped to revise and approve the final version of 
the manuscript.

Disclosure of conflicts of interest
FP has received honoraria for participating as a guest speaker in 
education meetings organized by Grifols and Roche, and she is 
a member of the Scientific Advisory Boards of Biomarin, Roche, 
Sanofi, Sobi, and Takeda. The other Authors have no conf licts of 
interest to disclose.

References
1.	 Periayah MH, Halim AS, Mat Saad AZ. Mechanism action of platelets and crucial 

blood coagulation pathways in hemostasis. Int J Hematol Oncol Stem Cell Res 2017; 
11: 319-327. PMID: 29340130.

2.	 Offermanns S. Activation of platelet function through G protein-coupled receptors. 
Circ Res 2006; 99: 1293-1304. doi: 10.1161/01.RES.0000251742.71301.16.

3.	 Sang Y, Roest M, de Laat B, de Groot PG, Huskens D. Interplay between platelets and 
coagulation. Blood Rev 2021; 46: 100733. doi: 10.1016/j.blre.2020.100733.

4.	 Gresele P, Falcinelli E, Bury L. Inherited platelet function disorders. Diagnostic 
approach and management. Hamostaseologie 2016; 36: 265-278. doi: 10.5482/
HAMO-16-02-0002.

5.	 Cattaneo M. Light transmission aggregometry and ATP release for the diagnostic 
assessment of platelet function. Semin Thromb Hemost 2009; 35: 158-167. doi: 
10.1055/s-0029-1220324.

6.	 Mumford AD, Frelinger AL 3rd, Gachet C, Gresele P, Noris P, Harrison P, et al. A 
review of platelet secretion assays for the diagnosis of inherited platelet secretion 
disorders. Thromb Haemost 2015; 114: 14-25. doi: 10.1160/TH14-11-0999.

7.	 Michelson AD, Bhatt DL. How I use laboratory monitoring of antiplatelet therapy. 
Blood 2017; 130: 713-721. doi: 10.1182/blood-2017-03-742338.

8.	 Frère C, Kobayashi K, Dunois C, Amiral J, Morange PE, Alessi MC. Assessment of 
platelet function on the routine coagulation analyzer Sysmex CS-2000. Platelets 
2018; 29: 95-97. doi: 10.1080/09537104.2017.1353683.

9.	 Ling LQ, Liao J, Niu Q, Wang X, Jia J, Zuo CH, et al. Evaluation of an 
automated light transmission aggregometry. Platelets 2017; 28: 712-719. doi: 
10.1080/09537104.2016.1265923.

10.	 Frère C, Kobayashi K, Dunois C, Amiral J, Morange PE, Alessi MC. Assessment of 
platelet function on the routine coagulation analyzer Sysmex CS-2000i. Platelets 
2018; 29: 95-97. doi: 10.1080/09537104.2017.1353683. 

11.	 Stratmann J, Karmal L, Zwinge B, Miesbach W. Platelet aggregation testing on 
a routine coagulation analyzer: a method comparison study. Clin Appl Thromb 
Hemost. 2019; 25: 1076029619885184. doi: 10.1177/1076029619885184. 

12.	 Sachs UJ, Röder L, Cooper N, Radon C, Kolde HJ. Automated light transmission 
aggregometry with and without platelet poor plasma reference: a method 
comparison. TH Open 2023; 7: e56-e64. doi: 10.1055/s-0043-1762588. 

13.	 Bret VE, Pougault B, Guy A, Castet S, Huguenin Y, Pillois X, et al. Assessment of light 
transmission aggregometry on the routine coagulation analyzer Sysmex CS-2500 
using CE-marked agonists from Hyphen Biomed. Platelets 2019; 30: 540-542. doi: 
10.1080/09537104.2018.1528346. 

14.	 Platton S, McCormick Á, Bukht M, Gurney D, Holding I, Moore GW. A multicenter study 
to evaluate automated platelet aggregometry on Sysmex CS-series coagulation 
analyzers-preliminary findings. Res Pract Thromb Haemost 2018; 2: 778-789. doi: 
10.1002/rth2.12140. 

15.	 Sakayori T, Kitano K, Watanabe Y, Omori Y, Ishida H, Arai N, Uematsu K, Enomoto 
Y, Komiyama Y. Evaluation of the newly developed adenosine diphosphate-induced 
platelet aggregation level system in aggregometer on automated coagulation 
analyzer. Clin Lab 2019; 65. doi: 10.7754/Clin.Lab.2019.190353. 

16.	 Dangelmaier CA, Holmsen H. Platelet dense granule and lysosome content. In: 
Harker LA, Zimmerman TS, editors: Platelet Function (Methods in Hematology). 
Edinburgh: Churchill Livingstone; 1983: 92-114.

17.	 Drummond AH, Gordon JL. Rapid sensitive microassay for platelet 5ht. Thromb 
Diath Haemorrh 1974; 31: 366-367. PMID: 4852909.

18.	 Cattaneo M, Cerletti C, Harrison P, Hayward CP, Kenny D, Nugent D, et al. 
Recommendations for the standardization of light transmission aggregometry: a 
consensus of the working party from the platelet physiology subcommittee of SSC/
ISTH. J Thromb Haemost 2013; 11: 1183-1189. doi: 10.1111/jth.12231.

19.	 Cattaneo M, Lecchi A, Zighetti ML, Lussana F. Platelet aggregation studies: 
autologous platelet-poor plasma inhibits platelet aggregation when added to 
platelet-rich plasma to normalize platelet count. Haematologica 2007; 92: 694-697. 
doi: 10.3324/haematol.10999.

20.	 Sakoyori T, Wtanabe Y, Kitano K, Matsui Y, Karino D, Arai N, et al. Evaluating the 
utility of a novel research use index in platelet aggregation analysis featured in an 
automated blood coagulation analyzer to confirm the effect of antiplatelet drugs. 
Sysmex Journal International; 2019: 39-47. Available at: https://www.sysmex.co.jp/
pdf/journal/en/vol29_1_05.pdf. Accessed on 20/07/2023.

21.	 Uematsu K, Sakayori T, Ishida H, Omori Y, Kitano K, Matsubara H, et al. Correlation 
Between the VerifyNow P2Y12 assay and the newly developed APAL system in 
neuroendovascular patients. Ann Clin Lab Sci 2020; 50: 490-496. PMID: 32826246.

22.	 Althaus K, Zieger B, Bakchoul T, Jurk K. Standardization of light transmission 
aggregometry for diagnosis of platelet disorders: an inter-laboratory external 
quality assessment. Thromb Haemost 2019; 119: 1154-1161. doi: 10.1055/s-0039-
1688791.

23.	 Cattaneo M, Lecchi A, Agati B, Lombardi R, Zighetti M. Evaluation of platelet function 
with the PFA-100 system in patients with congenital defects of platelet secretion. 
Thromb Res 1999; 96: 213-217. doi: 10.1016/s0049-3848(99)00102-4.

24.	 Savion N, Varon D. Impact--the cone and plate(let) analyzer: testing platelet function 
and anti-platelet drug response. Pathophysiol Haemost Thromb 2006; 35: 83-88. doi: 
10.1159/000093548.

25.	 Novembrino C, Boscolo Anzoletti M, Mancuso ME, Shinohara S, Peyvandi. Evaluation 
of an automated chromogenic assay for Factor VIII clotting activity measurement 
in patients affected by haemophilia A. Haemophilia 2019; 25: 521-526. doi: 10.1111/
hae.13746.

26.	 Nieuwenhuis HK, Akkerman JW, Sixma JJ. Patients with a prolonged bleeding time 
and normal aggregation tests may have storage pool deficiency: studies on one 
hundred six patients. Blood 1987; 70: 620-623. PMID: 3620697.

27.	 Bret VE, Pougault B, Guy A, Castet S, Huguenin Y, Pillois X, et al. Assessment of light 
transmission aggregometry on the routine coagulation analyzer Sysmex CS-2500 
using CE-marked agonists from Hyphen Biomed. Platelets 2019; 30: 540-542, doi: 
10.1080/09537104.2018.1528346.

28.	 Stratmann J, Karmal L, Zwinge B, Miesbach W. Platelet aggregation testing on 
a routine coagulation analyzer: a method comparison study. Clin Appl Thromb 
Hemost. 2019; 25: 1076029619885184. doi: 10.1177/1076029619885184. 

29.	 Cattaneo M. Response variability to clopidogrel: is tailored treatment, based on 
laboratory testing, the right solution? J Thromb Haemost 2012; 10: 327-336. doi: 
10.1111/j.1538-7836.2011.04602.x.

30.	 Bij de Weg JM, Abheiden CNH, Fuijkschot WW, Harmsze AM, de Boer MA, Thijs A, et 
al. Resistance of aspirin during and after pregnancy: a longitudinal cohort study. 
Pregnancy Hypertens 2020; 19: 25-30. doi: 10.1016/j.preghy.2019.11.008.

31.	 Angiolillo DJ, Been L, Rubinstein M, Martin M, Rollini F, Franchi FJ. Use of the 
VerifyNow point of care assay to assess the pharmacodynamic effects of loading and 
maintenance dose regimens of prasugrel and ticagrelor. Thromb Thrombolysis 2021; 
51: 741-747. doi: 10.1007/s11239-021-02386-7.

32.	 De Gregorio MG, Marcucci R, Migliorini A, Gori AM, Giusti B, Vergara R, et al. Clinical 
implications of “tailored” antiplatelet therapy in patients with chronic total 
occlusion. J Am Heart Assoc 2020; 9: e014676. doi: 10.1161/JAHA.119.014676.

© SIM
TIP

RO Srl




