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Background
Assays to evaluate platelet function are often interchangeably used to assess “resistance” to
aspirin. We compared different platelet function assays in patients treated or untreated with
aspirin.

Design and Methods
Platelet function was evaluated in 162 subjects, 85 of whom were not being treated with any
antiplatelet drug and 77 of whom were receiving chronic therapy with low-dose aspirin.
Platelet Function Analyzer collagen/ADP- and collagen/epinephrine closure times, as well as
light transmittance aggregometry in response to ADP, collagen and arachidonic acid (this last in
47 aspirin-treated patients) were determined. In 43 aspirin-treated patients, serum thrombox-
ane B2 levels were also measured. 

Results
In untreated patients, collagen/ADP- and collagen/epinephrine-closure times were correlated
with each other (r=0.5, P=0.0001), but did not correlate with ADP- or collagen-induced aggre-
gation. In patients treated with aspirin, collagen/ADP-closure time values were not different
from those in untreated patients, while the collagen/epinephrine-closure time was prolonged.
ADP-induced aggregation was unaffected by aspirin, while collagen-induced aggregation was
reduced. Arachidonic acid-induced aggregation was almost completely suppressed (% maxi-
mum light transmittance aggregometry=5±13%). There was, however, no correlation between
the various platelet function tests. Serum thromboxane B2, an index of platelet cyclooxygenase-
1 activity, was almost completely suppressed (down to 8±17 ng/mL) in treated patients, and
was not correlated with arachidonic acid-, ADP- and collagen-induced aggregation or with col-
lagen/ADP-closure time, but was inversely correlated with collagen/epinephrine-closure time. 

Conclusions
There is a high heterogeneity of results of tests evaluating inhibition of platelet function by
aspirin, and the results of functional tests do not match biochemical measurement of cyclooxy-
genase-1 activity. Extreme caution should, therefore, be used in defining “resistance” to aspirin
on the basis of the results of these tests.
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Introduction

A great deal of attention has been paid recently to
assessing potential reasons for the failure of aspirin in pre-
venting thrombotic events.1-3 Most studies defining
aspirin “resistance”4-7 have interchangeably used different
ex vivo tests of platelet function, mostly light transmit-
tance aggregometry (LTA) with different agonists and the
Platelet Function Analyzer (PFA)-100®, reporting extreme-
ly variable frequencies of aspirin “resistance”.8,9
LTA, carried out according to the method described by

Born,10 has been by far the most widely used ex vivo assay
of platelet function. This assay is based on the physical
principle of an increase in light transmittance proportional
to the formation of platelet aggregates. Platelet response,
most often expressed as maximum light transmittance
from the aggregometric tracing (% max LTA), varies
according to the different agonists used, such as thrombin,
collagen, ADP, epinephrine, ristocetin and arachidonic acid,
exploring different pathways of platelet activation. 
The whole-blood PFA-100® has been developed as a bed-

side point-of-care device.11 The system is an in vitro simula-
tion of the process of platelet adhesion and aggregation fol-
lowing a vascular injury through an aperture in cartridges
containing a membrane coated with collagen and ADP (col-
lagen/ADP=CADP) or epinephrine (collagen/EPI=CEPI). In
principle, the system determines the time to occlusion of
this aperture (i.e., the closure time). The manufacturer
advises that each laboratory establishes its own reference
range: coefficients of variation between 6% and 13% for
closure times with normal samples were reported in differ-
ent studies.12 Both the PFA-100 and LTA have been used to
evaluate the individual response to antiplatelet therapy, in
particular to low-dose aspirin.
We performed a study aimed at comparing different ex

vivo platelet function assays in patients treated or untreat-
ed with aspirin. In order to assess how the results
obtained with different ex vivo platelet function assays
correlate with the inhibition of a biochemical index of
platelet cyclooxygenase (COX)-1, the target enzyme of
aspirin, in patients treated with aspirin we evaluated lev-
els of serum thromboxane B2 (TXB2), the serum metabo-
lite of thromboxane A2, expected to be almost completely
suppressed by chronic aspirin therapy.13

Design and Methods

Patients
We examined 200 consecutive subjects referred to the outpa-

tient clinic of our institution over 12 months for a pre-operative
screening of hemostasis. The screening included a complete
blood cell count and differential, and measurement of the pro-
thrombin time, activated partial thromboplastin time, fibrinogen
concentration and von Willebrand factor (vWF) level. Whole
blood samples were collected by venipuncture. We took two
additional test-tubes of blood to perform platelet function tests
by LTA (Born’s method) in response to collagen and ADP, and by
measuring the PFA-100® closure times using the CADP and CEPI
cartridges (CAPD-CT and CEPI-CT, respectively). Finally, in a
subgroup of aspirin-treated patients, we measured arachidonic
acid-induced LTA (n=47) and serum TXB2 generation (n=43).
All subjects answered a written questionnaire on current ther-

apies (in the previous 7 days), with the help of a written list of
the commercial names of all medications containing aspirin,

thienopyridines, other antiplatelet drugs, anticoagulants or non-
steroidal anti-inflammatory drugs. 
We excluded patients with any hemorrhagic disorder, a

platelet count less than 100¥109/L or greater than 500¥109/L,
ongoing treatments with anticoagulants, or antiplatelet drugs
other than aspirin, or non-steroidal anti-inflammatory drugs in
the preceding 10 days. Out of the 200 subjects initially enrolled,
38 were excluded because of these criteria. Among the remain-
ing 162 patients, 85 were not on any antiplatelet drug (serving as
the control group), while 77 had been on low-dose aspirin (100-
160 mg/day) for 1 month or more (aspirin group). 
Since the study protocol only required two blood samples

without venipunctures additional to those taken for the clinical
screening, it did not require approval by the hospital Ethics
Committee at the time when data were accrued (years 2000-
2001). Written informed consent was obtained from all subjects.

Hematologic parameters
Blood cell counts (including red blood cell, white blood cell

and platelet counts) were performed with a routine automated
hemocytometer (System 9000; Baker Diagnostic, Bethlehem,
PA, USA). Fibrinogen was measured by the Fibrinogen-Clauss
coagulometric kit (Instrumentation  Laboratories, Milan, Italy).
The concentrations of vWF antigen were measured with an
enzyme-linked immunosorbent assay from American
Diagnostica Inc. (Greenwich, CT, USA).

Platelet function tests
Whole blood was collected into standard sodium citrate tubes

(3.8% w/vol), with a blood:citrate ratio of 9:1. All platelet func-
tion tests were performed within 60 min of blood withdrawal.

PFA-100®

Whole blood specimens were mixed by inversion immediately
before assessment of the closure time with a PFA-100® apparatus
(Dade Behring, Deerfield, IL, USA) using both CADP and CEPI
cartridges.11 Duplicate measurements were performed, and mean
closure times were recorded and reported. The PFA-100® system
measures a closure time up to a maximum of 300 s, this upper
value reflecting no closure. Any values greater than 300 s were
included as 300 s in the data analysis. Based on our own laborato-
ry assessment of normal subjects, we defined the upper normal
limit of the PFA-100® closure times as the mean + one standard
deviation: 120 s for CADP-CT and 165 s for the CEPI-CT.

Born’s aggregation
Turbidimetric platelet aggregation was evaluated by the

increase in light transmittance in a Chrono-Log platelet aggre-
gometer (Mascia Brunelli, Milan, Italy), after the addition of
ADP (Mascia Brunelli, Milan, Italy), 10 mmol/L final concentra-
tion, or collagen (Mascia Brunelli, Milan, Italy), 25 mg/mL final
concentration, or arachidonic acid (Sigma-Aldrich, St. Louis,
Missouri, USA), 1 mmol/L final concentration, to platelet-rich
plasma, as previously described.10,14 

Based on our own laboratory assessment of normal subjects,
we defined the upper normal limit of LTA as the mean + one
standard deviation: greater than 50% max LTA for ADP-induced
aggregation, greater than 75% max LTA for  collagen-induced
aggregation and greater than 20% max LTA for arachidonic acid-
induced aggregation.

Serum thromboxane generation
Whole blood samples were collected into glass Vacutainer tubes

containing no anticoagulant and immediately allowed to clot for
1 h at 37 °C. At the end of the incubation time, serum was collect-
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ed following centrifugation at 3000 x g for 10 min and stored at -
80 °C until assayed for TXB2, an index of maximally-stimulated
platelet COX-1 activity in response to endogenously formed
thrombin.15 Serum TXB2 was measured by a commercial enzyme
immunoassay (Cayman Chemical, Ann Arbor, Michigan, USA).
To define the inhibition of platelet COX-1 activity through

this biochemical index, we chose a cut-off value of 10 ng/mL,
considered the uppermost value of serum TXB2 generated in the
presence of 98% or more inhibition of platelet COX-1 activity
by long-term therapy with aspirin.16

Statistical analysis
Discrete variables were described as absolute values and per-

centages; continuous variables were described as mean ± stan-
dard deviation (SD). For duplicate measurements of CADP-CT
and CEPI-CT the coefficient of variation was calculated as the
ratio of the standard deviation to the mean value of the two
measurements. After checking the normality of value distribu-
tions with the one-sample Kolmogorov-Smirnov test, two-group
comparisons of hematologic parameters, CADP- and CEPI-CT,
as well as ADP- and collagen-induced LTA values were per-
formed with the Student’s t-test for unpaired data. Pairs of
platelet function tests were correlated with each other using the
Pearson’s test in the presence of normal distributions, or with
the Spearman’s non-parametric correlation test otherwise. P val-
ues less than 0.05 were considered statistically significant.
Analyses were performed with the SPSS statistical software

(Chicago, IL, USA) . 

Results

Demographic, clinical, and hematologic parameters
The subjects’ demographic, clinical and hematologic

data, including red blood cell, white blood cell and
platelet counts, together with plasma concentrations of
fibrinogen and vWF, are reported in Table 1. Age and clin-
ical characteristics were different between the control
group and the aspirin-treated group because patients tak-
ing aspirin were older, had more vascular disease and a
higher thrombotic risk. All hematologic parameters were,
however, similar between the two groups.

Platelet function tests
Overall population
Data were first analyzed in the entire population (n=162),

irrespective of the use of aspirin, to assess the overall con-
sistency between methods. The correlations between
platelet function tests are reported in Table 2. Overall,
CADP-CT correlated with CEPI-CT, but neither correlated
with ADP-induced LTA. CADP-CT did not correlate with
collagen-induced LTA, but CEPI-CT was inversely, albeit
weakly, correlated with collagen-induced LTA. ADP-
induced  LTA also correlated with collagen-induced LTA.
The coefficients of variation for CADP-CT and CEPI-

CT duplicate measurements were 5% and 15%, respec-
tively. 
In the entire population, CADP-CT was inversely corre-

lated with red blood cell, white blood cell and platelet
counts, while CEPI-CT was not correlated with these
parameters (Table 2). No correlation was observed
between plasma concentrations of fibrinogen and vWF
and the various tests of platelet function (Table 2).
Moreover, when we normalized CADP-CT and CEPI-CT
values by red blood cell, white blood cell and platelet
counts, we observed that the correlations between differ-
ent tests did not change substantially (data not shown).
We next separately analyzed the data in the two groups

of patients untreated or treated with low-dose aspirin.

Untreated patients
Among the patients not being treated with aspirin (n=

85), CADP-CT values correlated with the CEPI-CT values
(r=0.5, P=0.0001). CADP-CT did not correlate with ADP-
or collagen-induced LTA (r=0.26 and 0.25, respectively,
P=NS). CEPI-CT values also did not correlate with ADP-
or collagen-induced LTA (r=0.05 and -0.009, respectively,
P=NS). ADP- and collagen-induced LTA were not correlat-
ed between each other (r= 0.03, P=NS). The coefficiencts
of variation for CADP-CT and CEPI-CT duplicate meas-
urements were 4% and 15%, respectively. 
In untreated patients no correlation was observed

between red blood cell count or plasma concentration of
fibrinogen or vWf and the different methods of platelet
function (data not shown). CADP-CT and CEPI-CT were
inversely correlated with white blood cell count (r=-0.29,
P=0.01 and r=-0.3, P=0.01, respectively) and platelet count
(r=-0.38, P=0.001 and r=-0.25, P=0.03).

Platelet function tests in the assessment of aspirin resistance
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Table 2. Correlations between platelet function tests in the overall
population.

CADP                CEPI             LTA ADP         LTA Collagen
r (P)                 r (P)                r (P)                   r (P)

LTA ADP 0.19 (0.06)           0.02 (0.8)                   /                              /
LTA Collagen 0.02 (0.8)        -0.39 (0.001)    0.28 (0.01)                    /
CEPI 0.39 (0.0001)                /                            /                              /
RBC -0.28 (0.002)       -0.05 (0.5)                  /                              /
WBC -0.19 (0.04)         -0.04 (0.6)                  /                              /
Platelets -0.26 (0.003)      -0.16 (0.06)                 /                              /
Fibrinogen 0.22 (0.2)            0.19 (0.2)          0.005 (0.9)            -0.26 (0.1)
vWF 0.3 (0.2)             0.33 (0.1)            0.3 (0.2)               0.09 (0.7)
LTA: light transmittance aggregometry; CADP: collagen/ADP; CEPI: collagen/epineph-
rine; RBC: red blood cell count; WBC: white blood cell count; vWF: von Willebrand factor.
Values marked in bold are statistically significant.

Table 1. Demographic characteristics of the patients studied.
                                                          Untreated controls      Aspirin

Number                                                                           85                           77
Age, years (mean±SD)                                            38±18                   *63±11
Males/females                                                            61/24                      51/26
Vascular disease: n (%)                                                                                
Ischemic heart disease                                         0 (0)                   *41 (53)
Cerebrovascular disease                                      0 (0)                      *5(6)
Peripheral arterial disease                                  1 (1)                     *7 (9)

Hypertension: n (%)                                                  0 (0)                    *9 (11)
Atrial fibrillation: n (%)                                            0 (0)                      *5(6)
Hematologic parameters: mean±SD
Red blood cells (¥1012/L)                                 4.77 ± 0.63            4.75 ± 0.47
White blood cells (¥109/L)                               6.2 ± 1.76              6.6 ± 1.65
Platelets (¥109/L)                                                214 ± 65                212 ± 59
Fibrinogen (mg/dL)                                            294 ± 68                292 ± 56
von Willebrand factor (%)                                  99 ± 40                 102 ± 28

*P<0.0001 versus control.
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Aspirin-treated patients
Among the patients being treated with aspirin (n=77),

CADP-CT was not different from that in controls (Figure
1A), while CEPI-CT was significantly longer (by approxi-
mately 30%) than in controls (CEPI-CT=241±75 s versus
160±58 s, P<0.0001; Figure 1B). ADP-induced LTA in
aspirin-treated patients was not different from that in con-
trols (Figure 1C), while collagen-induced LTA was signifi-
cantly lower in aspirin-treated patients than in controls (%
max LTA=61±26% versus 85±10%, P<0.0001; Figure 1D).
Arachidonic acid-induced LTA was measured in 47 of the
77 patients treated with aspirin and was almost complete-
ly suppressed (% max LTA=5±13%), although with a
wide variability between patients, as reflected by the stan-
dard deviation, mostly due to the lack of suppression of
arachidonic acid-induced LTA in two patients. CEPI-CT
did not correlate with LTA induced by arachidonic acid
(r=-0.18, P=NS), ADP (r=0.07, P=NS) or collagen (r=-0.27,
P=NS). Likewise, CADP-CT did not correlate with LTA
induced by different agonists (data not shown), nor did it

correlate with CEPI-CT (r=0.14, P=NS). ADP-, collagen-
and arachidonic acid-induced LTA were not correlated
with each other (data not shown). 
The coefficients of variation for CADP-CT and CEPI-

CT duplicate measurements were 7% and 14%, respec-
tively. 
The percentage of patients showing normal platelet

aggregation in spite of aspirin therapy varied in relation to
the different assays and the different thresholds chosen for
each assay. Only 4% of patients treated with aspirin had
an arachidonic acid-induced LTA within the normal range
(% max LTA >20%), 24% had an ADP-induced LTA with-
in the normal range (% max LTA >50%), 38% had colla-
gen-induced LTA within the normal range (% max LTA
>75%), as shown in Figure 2A, 25% had a CEPI-CT with-
in the normal range (<165 s), and 66% had a CADP-CT
within the normal range (<120 s), as shown in Figure 2B. 
Among the patients treated with aspirin, no correlation

was observed between red blood cell, white blood cell and
platelet counts, and  fibrinogen concentration and the differ-
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Figure 1. (A) CADP-CT in aspirin (ASA)-
treated patients versus untreated patients.
(B) CEPI-CT in ASA-treated patients versus
untreated patients. (C) ADP-induced aggre-
gation in ASA-treated patients versus
untreated patients. (D) Collagen-induced
aggregation in ASA-treated patients versus
untreated patients. Mean and SD are
shown in all panels.

Figure 2. (A) ADP-, collagen- and arachi-
donic acid (AA)-induced platelet aggrega-
tion in aspirin (ASA)-treated patients. (B)
CADP-CT and CEPI-CT  in ASA-treated
patients. Dotted lines indicate the cut-offs
of normal ranges chosen for each assay.
Percentages refer to patients with values
in the normal range despite being treated
with ASA. 
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ent methods of platelet function (data not shown). ADP- and
collagen-induced LTA correlated with vWF plasma concen-
tration (r=0.69, P=0.04 and r=0.96, P<0.0001, respectively).

Serum thromboxane B2 generation
Serum TXB2 was measured in 43 of the 77 patients treat-

ed with aspirin, and was almost completely suppressed
(8±17 ng/mL), being below the cut-off of 10 ng/mL.
However, TXB2 levels were not correlated with arachidon-
ic acid- (Figure 3), ADP- or collagen-induced LTA (r=0.03,
r=0.17, r=0.16, respectively; P=NS for all), or with CADP-
CT (r=-0.2, P=NS), while they were inversely correlated
with CEPI-CT (r=-0.48, P=0.001) (Figure 4). We observed
that the mean TXB2 value in patients with normal CEPI-
CT (<165 s) was about 75% higher than the mean value in
patients with prolonged CEPI-CT (20+23 ng/mL and 5+14
ng/mL, respectively) (Figure 4). Moreover, dividing
patients according to TXB2 inhibition, only about 11% of
patients with inhibited TXB2 had a CEPI-CT in the normal
range; and about 77% of patients with inhibited TXB2 also
had a prolonged CEPI-CT (Figure 4). However, consider-
ing arachidonic acid-induced LTA, we observed that, of
the two patients with non-inhibited arachidonic acid-
induced LTA, both also had a high serum TXB2 concentra-
tion, and TXB2 values in patients with normal arachidonic
acid-induced LTA (>20%) were 80% higher than those in
patients with inhibited LTA (37±6 ng/mL and 7±16 ng/mL,
respectively) (Figure 3). Moreover, no patient with inhibit-
ed TXB2 had an arachidonic acid-induced LTA, and about
89% of patients with inhibited TXB2 also had inhibited
arachidonic acid-induced LTA (Figure 3). 
Eliminating patients with a serum TXB2 concentration

greater than 10 ng/mL (possibly not fully compliant), we
observed no correlation between TXB2 concentration and
either arachidonic acid-induced LTA (r=0.06, P=NS) or
CEPI-CT (r=0.3, P=NS).

Discussion

The main findings of our study are that: (i) there is a
high heterogeneity of outcomes in the tests used to evalu-
ate platelet function and inhibition of platelet aggregation
by aspirin; (ii) the results of these functional tests do not
match with serum TXB2 levels, considered the gold-stan-
dard biochemical index for the evaluation of COX-1 activ-
ity suppressed by aspirin. 
In the overall population, PFA-100® CADP-CT and

CEPI-CT correlated with each other, but neither correlated
with measurements obtained with ADP-induced aggrega-
tion. A weak correlation between CEPI-CT, but not
CADP-CT, and collagen-induced LTA was observed, as
well as between ADP-induced and collagen-induced LTA.
Part of this variability could be explained by the influence
of hemorheologic variables in our series. Other reports
have shown that PFA-100® closure times are prolonged by
a significant reductions in platelet count or hematocrit.17-20
For example, for blood samples with a platelet count of
less than 100¥109/L, an inverse relationship between CEPI-
CT and platelet count was observed.18 In our patients,
none of whom was thrombocytopenic, we observed this
negative correlation also within a range of normal platelet
counts. An inverse correlation had also been found
between hematocrit and closure time in another study.20 In
our patients, none of whom was anemic or polycythemic,
we observed that the higher the number of red blood cells,
the shorter the CADP-CT was. White blood cell count
may also affect platelet function assessment by the PFA-
100®,21 as observed by the CADP-CT results in our entire
population. The CEPI-CT did not seem to be much affect-
ed by these hemorheologic variables in our patients, while
it was in other studies.17-20 The influence of hemorheologic
variables on a whole blood test may limit the test’s repro-
ducibility and  undermine the reliability of the results.
However, even normalizing closure time values for red
blood cell, white blood cell and platelet counts, the corre-

Platelet function tests in the assessment of aspirin resistance
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Figure 3. Correlation between TXB2 values and arachidonic acid
(AA)-induced LTA in patients treated with aspirin. The vertical dotted
line indicates the cut-off of normal range chosen for AA-LTA (20%
max LTA). The horizontal dashed line indicates the cut-off of TXB2

inhibition (10 ng/mL). The continuous dark line indicates the mean
TXB2 value in patients with normal AA-induced LTA; the dashed dark
line indicates the mean TXB2 value in patients with inhibited LTA.
Percentages of patients below or above threshold values for AA-LTA
as a function of TXB2 inhibition are also indicated.
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Figure 4. Correlation between TXB2 values and CEPI-CT in patients
treated with aspirin. The vertical dotted line indicates the cut-off of
the normal range chosen for PFA-100“ CEPI-CT (165 s). The horizon-
tal dashed line indicates the cut-off of TXB2 inhibition (10 ng/mL).
The continuous dark line indicates the mean TXB2 value in patients
with normal CEPI-CT. The dashed dark line indicates the mean TXB2

value in patients with prolonged CEPI-CT. The percentages of
patients below or above threshold values for CEPI-CT as a function
of TXB2 inhibition are shown. 
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lation between the different assays did not change in our
population. 
We found no differences in vWF levels between patients

treated and not treated with aspirin. It has been described
that vWF levels increase during acute coronary syn-
dromes, and vWF is considered an independent predictor
of adverse clinical outcome in these patients.22,23 Our
patients, however, although being on aspirin in most cases
for coronary heart or cerebrovascular disease, were all
clinically stable, and this may explain the similarity of
vWF levels between the two groups. 
The lack of correlation between different methods eval-

uating platelet function was also present in untreated con-
trol patients and in patients treated with aspirin when ana-
lyzed separately. The percentage of “responders” to
aspirin varied in relation to the different assays and to the
different agonists used. Although it was already known
that CEPI-CT is more sensitive than CADP-CT in assess-
ing the effect of aspirin,5 still one quarter of patients
receiving aspirin did not show any prolongation of closure
times beyond the normal range even using CEPI-CT. This
confirms that this technique has a low performance and
poor reproducibility, as indicated in some recent
papers.24,25 Interestingly, less than half (42%) of the
patients were aspirin-responders by all tests, and only
5.7% of patients were aspirin non-responders by all tests. 
Moreover, we found a lack of correlation between the

results obtained by functional tests of platelet aggregation
and measurements of serum TXB2, the biochemical index
of enzymatic COX-1 activity suppressed by aspirin, as
also observed in other recent studies,26,27 indicating that
functional assays cannot predict which individuals have
effective inhibition of platelet thromboxane production in
response to aspirin. 
Based on the 10 ng/mL cut-off value of TXB2, considered

an appropriate biomarker to identify patients with inade-
quate inhibition of platelet COX-1 activity by aspirin,16,28,29
there were five “non-responders” to aspirin (about 11%) in
our population, a very small fraction of patients exposed
to the drug, in agreement with other reports.8 Since the
only information about the compliance of these patients
was the written questionnaire on current therapies, we
cannot definitely exclude that the observed phenomenon
depended on poor compliance rather than a true lack of
inhibition of platelet COX-1. However, when patients
with serum TXB2 greater than 10 ng/mL, judged as poten-
tially poorly compliant, were excluded, the results were
not greatly different from the main findings. 
Among the functional tests of platelet aggregability,

ADP- and collagen-induced LTA are less affected by
aspirin than are responses to arachidonic acid, as previous-
ly observed,27 while arachidonic acid-induced LTA should
be in principle the most appropriate way to identify “non-
responders” to aspirin (arachidonic acid being the sub-
strate of the COX-1 enzyme blocked by aspirin). In fact,
the variability in aspirin response observed by this assay in
our study was very low, and the majority of patients on
aspirin had inhibited platelet aggregation by this function-
al test: only two patients (4% of all treated) had normal
platelet aggregation despite being on aspirin. Both these
patients also had high serum TXB2. However, three other
patients with high serum TXB2 (60% of patients with high
TXB2) had inhibited arachidonic acid-induced LTA,
explaining the lack of correlation found here between

arachidonic acid-induced LTA and serum TXB2. Therefore,
compared with the “gold-standard” biochemical test, the
inhibition of arachidonic acid-induced LTA appears to
have good specificity, but poor sensitivity. This may be
explained by the several pre-analytical and analytical vari-
ables affecting LTA.30 Accordingly, in a recent study, no
correlation was observed between serum and urinary
thromboxane metabolites and LTA induced by arachidon-
ic acid.26 Moreover, no correlation was observed between
thromboxane metabolites and the PFA-100® CEPI-CT. 
On the other hand, our results showed that the CEPI-

CT was inversely correlated with serum TXB2, and only
one patient (20%) out of five with high TXB2 levels still
had inhibited platelet function as shown by a prolonged
closure time. However, even when statistical significance
was achieved, the R value was very low, indicating that
only a minimal part of the variability observed in the
CEPI-CT can be explained by changes in serum TXB2 con-
centrations. In fact, many patients (about 25% of all treat-
ed) had normal platelet function according to this assay,
some of whom even with inhibited TXB2. A prolongation
of the closure time in this assay may, therefore, be consid-
ered to have good sensitivity, but poor specificity with
respect to the biochemical test. The Born method is time-
consuming and requires specialized laboratories; however,
the availability of a simple and rapid platelet function test
might be very important to evaluate the response to
antiplatelet agents in a Coronary Care Unit or in a
catheterization laboratory, where the definition of aspirin
“poor response” may be related to the probability of a
detrimental clinical outcome, as suggested in a recent
study,31 and therefore be used for guiding therapeutic deci-
sion. However, the unreliability of the PFA-100®, as well as
of LTA, precludes the translation of these test results into
therapeutic decisions at present. 
Overall, our results clearly indicate a high heterogeneity

of outcomes in the tests used to evaluate platelet function.
This is probably due, on the one hand, to the various phys-
ical principles underlying the methods used, to the different
agonists initiating ex vivo platelet activation (some of which
are known to have a very low sensitivity for aspirin-
induced platelet inhibition), to the low reproducibility of
many tests, and to the possible influence of hemorheologic
variables on PFA-100® results, and, on the other hand, to the
complexity of the target phenomenon (platelet aggregation)
involving many biochemical pathway and agonists, with
different relative relevances in different subjects and in dif-
ferent clinical conditions. For all these reasons it seems haz-
ardous to assess the functional efficacy of aspirin therapy or
to define patients as “responders” or “resistant” to aspirin
based on the results of a single test. In particular, the defini-
tion of “aspirin resistance” based on any such assays is like-
ly to be a laboratory result not reflecting a single identifiable
and clinically relevant mechanism of aspirin failure.
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