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Prevalence of High Platelet Reactivity in Aspirin-Treated Patients
Referred for Coronary Angiography
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Abstract

Background: Aspirin (ASA) reduces adverse events in coronary artery disease (CAD) patients by inhibiting platelets.
Some CAD patients have high platelet reactivity (HPR) despite ASA therapy and these individuals have increased risk of
adverse events.

Objective: The purpose of this study was to determine the prevalence of HPR in ASA-treated patients referred for
coronary angiography and to assess whether the HPR correlates with the severity of CAD.

Methods: This single center investigation enrolled 115 consecutive ASA-treated patients with stable CAD. ADP- and
collagen-induced platelet reactivity were evaluated by light transmittance aggregometry (LTA). Patients with greater
than 70% ADP- and collagen-induced aggregation were determined to have HPR and, in this group, ASA compliance was
assessed by examining blood salicylate levels. Mean age was 60.9 years and average ASA dose was 164.2 mg.

Results: Smoking and DM were present in 28.7% and 31.5% respectively. HPR was found in 14 patients (13%) however 7
of the 14 patients (50%) with HPR had low serum salicylate levels (< 2.0 ug/mL) suggesting medication noncompliance. Of
the entire cohort, 6.5% of patients had HPR and detectable serum salicylate levels suggesting reduced ASA efficacy. HPR
correlated with number and severity of coronary stenosis (p = 0.04).

Conclusion: In a general population of ASA-treated patients referred for coronary angiography, elevated platelet
reactivity is prevalent (13%) with 50% related to noncompliance and 50% related to reduced aspirin efficacy.(Arq Bras

Cardiol. 2013;100(1):29-36)
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Introduction

Aspirin (ASA) is a primary therapy for the treatment of
cardiovascular (CV) disease because it reduces major adverse
CV events (MACE) by 25% in acute coronary syndrome (ACS)
and stable coronary artery disease (CAD) patients'. Despite
treatment with optimized medical regimens that include ASA,
MACE rates are greater than 10% in stable CAD patients and
greater than 28% in ACS patients®. Pharmacologic variability
and reduced therapeutic efficacy may contribute to relatively
high rates of recurrent CV events in CAD patients, and
several studies have demonstrated that subsets of aspirin-
treated patients have elevated residual platelet reactivity
(ASA hyporesponders){Gum, 2003 #24}{Angiolillo, 2009
#711}{Helgason, 1994 #26}. Following percutaneous
coronary intervention, ASA-treated patients with elevated
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platelet reactivity are at increased risk for periprocedural
myocardial infarction (M.1.), MACE, and stent thrombosis**.

The prevalence of high platelet reactivity (HPR) in ASA-
treated patients varies between 0.4 and 34% depending on
the patient population (healthy, stable CAD, ACS, diabetic),
the type of platelet function test used, and the parameter
or cutoff value which is chosen to define HPR*>®. The lack of
standard laboratory methods and definitions to define aspirin
hyporesponsiveness, also called resistance, has resulted in
confusion about the clinical incidence of this phenomenon’?.

The purpose of this study was to determine the prevalence
of HPR in aspirin-treated patients referred for coronary
angiography with the goal of demonstrating the proportion
of HPR related to medication noncompliance vs. reduced
aspirin efficacy.

Methods

The clinical investigation protocol was approved by the
Institutional Review Board of the Instituto de Cardiologia
do Rio Grande do Sul and all patients provided informed
consent. This single center study enrolled consecutive
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patients with stable CAD who were referred for coronary
angiography between January 2006 and July 2007. Inclusion
criteria required ongoing ASA use for more than 2 weeks,
age > 18 years, and willingness to participate with informed
consent. Exclusion criteria are listed in Table 1. Patients
were excluded if they were taking concomitant medications
(anticoagulants or non-steroidal anti-inflammatory drug
-NSAID) that could inhibit platelet function or if they
had medical conditions that influence hemostasis. Blood
samples were collected from femoral artery or vein after
sheath insertion and before administration of heparin or
lIbllla inhibitors. Samples were immediately placed in
evacuated tubes containing 3.2% citrate or EDTA 1.8%.
Blood samples were obtained prior to administration
of aspirin in preparation for coronary angiography, and
platelet function testing occurred within 2 hours of
obtaining samples. Platelet reactivity was assessed using
light transmittance aggregometry (LTA) of platelet rich
plasma on a dual channel Net Lab 2020 aggregometer
using standard methods. Whole blood was centrifuged at
162g for 6 minutes to prepare platelet rich plasma (PRP).
An aliquot of PRP was further centrifuged at 838g for
15 minutes to prepare platelet poor plasma that represented
the baseline turbidity value equivalent to 100% aggregation.
Platelet activity was measured by assessing aggregation
in response to activation with 20umol/mL of ADP or
10ug/mL of collagen. HPR was defined as 70% or greater
aggregation for both ADP- and collagen-induced activation
at 5 minutes. Plasma samples were stored at -802C to
enable assessment of compliance in patients that had HPR
by measuring blood salicylate levels using a commercial
assay (Sigma Chemical Co., USA). Patients with blood
salicylate levels less than 2 ug/mL were determined to not
be taking chronic aspirin therapy. The extent and severity
of coronary artery disease was assessed by two independent
interventional cardiologists who were blinded to the results
of the platelet function testing. Coronary stenoses were
counted if both cardiologists assessed severity to be greater
than 50%. Statistical analyses were performed using SPSS
15.0 statistical analysis software and Stata 9.0 (StataCorp,
College Station, TX). Data are reported as mean =+ standard
deviation and normally distributed data were assessed
using the Student t test. For correlation between platelet
aggregation and severity of CAD, Pearson correlation
coefficient was used, and for categorical variables, the
Fischer exact test was used. The correlation between aspirin
hyporesponsiveness and the number of diseased arteries
was evaluated with logistic regression analysis. Findings
with p < 0.05 were considered significant.

Results

Of the 125 patients enrolled in the study, 115 were
included in the final analysis; 3 patients were excluded
due to evidence of coagulation in the blood samples and
7 patients were excluded because there was greater than
a 2 hour delay in the time required to perform aggregation
studies. The baseline characteristics of the patients are
listed in Table 2. The mean dose of aspirin was 164.7 =+
60.3 mg. A representative LTA curve is shown in Figure

1. For individual patients, ADP- and collagen-induced
aggregation showed significant correlation when assessed
by Pearson’s coefficient (r = 0.68) (Figure 2). The extent
of ADP- and collagen-stimulated aggregation did not vary
across a spectrum of ASA doses (Figure 3), and specific
indices of ADP- and collagen-initiated platelet aggregation
are listed in Table 3.

Results of the platelet aggregation studies demonstrated
that 101 patients (87%) met criteria for adequate ASA
response (<70% collagen- or ADP-induced aggregation),
while 14 patients (13%) had HPR with aggregation values
greater than 70%. When we analyzed the blood from
the 14 patients with HPR, 7 patients (50%) had blood
salicylate levels less than 2 ug/mL (0.57 = 0.24 ug/mL),
and this group was determined to be noncompliant with
ASA therapy. The remaining 7 patients had both HPR
and a plasma salicylate level greater than 2 ug/mL. These
7 patients were determined to be ASA hyporesponders, and
had a mean salicylate level of 18.4 = 6.1 ug/mL. When
ASA hyporesponsive patients were compared to those with
normal responses, the groups did not differ in age, gender,
presence of diabetes mellitus, history previous myocardial
infarction or aspirin dose (Table 4). The rates of smoking and
diabetes were higher numerically in the ASA hyporesponsive
group (Diabetes OR 3.16, 95% CI 0.66 to 14.9, p = 0.2;
Tobacco 3.61, 95% Cl1 0.75 to 17.24, p = 0.19) but these
differences did not meet statistical significance. When
the presence of CAD, (defined as > 50% stenosis of any
epicardical heart artery) was evaluated, 85.7% of the ASA
hyporesponders had significant CAD compared to 39.6%
of the ASA responsive patients (OR 9.15, 95% Cl 1.06 to
78.8). Aspirin hyporesponsiveness was associated with
a higher number of diseased coronary arteries (OR 3.58
per vessel, 95% Cl 1.69 to 7.61, r> = 0.24), with the ASA
hyporesponders having an average of 1.85 + 0.89 diseased
coronary arteries per patient compared to 0.43 = 0.79 in

Table 1 - Exclusion Criteria

History of recent surgery Clopidogrel therapy

Bleeding diathesis Ticlopidine therapy

Non-steroidal Anti-inflammatory

Thrombophilia (NSAID) therapy

History of cancer Heparin or oral anticoagulant therapy

Table 2 - Baseline Characteristics

Mean age, years 60.94
Mean ASA dose, mg 164.7 £ 60.3 mg
Male gender 53.7%
Diabete Mellitus 31.5%
Smoking 28.7%
Dyslipidemia 62%

Arq Bras Cardiol. 2013;100(1):29-36



Manica et al

Aspirin and residual elevated platelet aggregation

Original Article

100

20
S
c T°
S w
©
o) 50
o
g 40

30
<
e
@ 20
9 1
©
o o

e ADP
o Collagen

0 10 20 30 40 50 60 70 80 90 100 110

Patients (n)

Figure 1 - Representative platelet aggregation curve for ADP- and Collagen-stimulated platelet aggregation. High platelet reactivity was defined as 70% or greater
aggregation for both ADP- and collagen-induced activation at 5 minutes.
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Figure 2 - Correlation between ADP- and Collagen-stimulated platelet aggregation (Pearson’s coefficient, r = 0.68).
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Figure 3 - ADP- and Collagen-stimulated platelet aggregation and ASA dose. (A) ADP- stimilated aggregation. (B) Collagen-stimulated aggregation.

Table 3 - Indices of ADP- and Collagen-Stimulated Platelet
Aggregation

ADP Collagen
Mean + SD 48.5+22.0 3714248
Median 52 327
Minimum 0 0
P25 353 17
P75 52.8 56.8
Maximum 86 87

SD : standard deviation; P25 : 25th percentile of platelet aggregation; P75
: 75th percentile of platelet aggregation.

the ASA sensitive group (p = 0.04) (Table 4). When patients
were stratified by the number of coronary arteries with
>50% stenosis, the incidence of ASA resistance increased
with number of diseased arteries (Figure 4). There was no
difference among aspirin responders and hyporesponders
in the location of coronary stenoses (left main, left anterior
descending, left circumflex, right coronary arteries).

Discussion

There is increasing scientific evidence supports the
premise that there is significant interindividual variability

in the degree of platelet inhibition achieved with common
antiplatelet therapies. Antiplatelet response variability is an
important clinical problem because CAD patients that have
HPR in the setting of ASA or platelet P2Y12-ADP receptor
antagonist therapy have increased risk of CV events®. The
greatest risk of antiplatelet therapy hyporesponsiveness
occurs following PCl and stenting where HPR in the setting of
ASA and ADP-receptor antagonist dual antiplatelet therapy
(DAPT) is associated with a 2-fold increase in the risk of
stent thrombosis®'°. Stent thrombosis is an infrequent but
serious complication, which results in myocardial infarction
rates exceeding 60%, case fatality rates ranging from 10 to
45%"""*, and increased long term MACE'®. Several clinical
factors including ACS presentation, body mass index (BMI)
> 30 kg/m?, diabetes, and congestive heart failure (CHF)
are associated with hyporesponsiveness to antiplatelet
therapies'®. The prevalence of hyporesponsiveness to
antiplatelet therapy varies greatly (0.4 to 83.3%) depending
on the drug under examination, and the clinical and
ethnic population assessed'”. The prevalence of aspirin or
ADP-receptor antagonist hyporesponsiveness also varies
significantly depending on the method used to assess
platelet activation and on the cut-point chosen to determine
responsiveness®. More than five methods for assessing
platelet function are available, and the specific tests differ
in their ability to predict CV MACE*'®. LTA was used in this
investigation because it is a well-validated method that
accurately identifies HPR patients who are at increased risk
of CV events and stent thrombosis''8.

Arq Bras Cardiol. 2013;100(1):29-36
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Table 4 - Clinical Characteristics of ASA Hypo-responders and ASA Sensitive groups

ASA hyporesponders ASA sensitive OR C195% "
n=7 n = 101

Age, years 61.7+10.1 60.75 £ 11.7 - - 0.8
ASA Dose 164.3 158.5 - - 0.4
Male Gender 4(57.1%) 54 (53.5%) 1.16 - 0.99
Smoking 4(57.1%) 27 (27.0%) 3.61 0.75-17.24 0.19
DM 4 (57.1%) 30 (29.7%) 3.16 0.66 - 14.9 02
Previous M 1(14.3%) 36 (36.4%) 0.29 0.034-25 04
Dyslipidemia 5(71.4%) 62 (62%) 1.5 0.29-83 0.7
CAD 6(85.7%) 40 (39.6%) 9.15 1.061-78.8 0.04
Diseased Vessels 1.85+0.89 0.43+0.79 3.58 1.69-7.61 <0.01

OR : Odds Ratio; Cl : confidence interval; DM : diabetes mellitus, Ml : myocardial infarction; CAD : coronary artery disease with >50% stenosis in 1 or more

coronary arteries.
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Figure 4 - Aspirin resistance as function of the number of coronary arteries with >50% stenosis. Graph depicts the percentage of patients with 0, 1, 2, or 3 vessel CAD
who were found to be ASA hypopresponders. The number of patients in each category is listed in the bottom column.

It is increasingly evident that PCI patients who are
hyporesponders to both aspirin and the ADP receptor
antagonist clopidogrel are at markedly increased risk
for CV events®. Recently, the mechanisms of clopidogrel
hyporesponsiveness have been the focus of several
clinical studies which have demonstrated that clopidogrel
hyporesponsiveness results in part from reduced-function
genetic polymorphisms in the cytochrome P450 enzyme
pathways that convert clopidogrel, which is a prodrug,
to its active form'. Additional mechanisms of clopidogrel
hyporesponsiveness have been reviewed previously®.

Aspirin inhibits platelet activation by acetylating the platelet
cyclooxygenase (COX) enzyme resulting in irreversible
inactivation and suppression of COX-mediated production

Arq Bras Cardiol. 2013;100(1):29-36

of thromboxane (TX), which is a potent platelet activating
agent. Compared to clopidogrel, the mechanisms of ASA
hyporesponsiveness are less clear. Noncompliance is a very
important factor that contributes to reduced medication
efficacy and elevated platelet reactivity. A meta-analysis
demonstrated that aspirin non-adherence or withdrawal
is common, and is associated with three-fold higher risk of
major adverse cardiac events in CAD patients'.

The mechanisms of ASA hyporesponsiveness are possibly
related to pharmacodynamic and pharmacogenetic variability
in several physiological processes. ASA bioavailability can be
affected by alterations in intestinal absorption; ASA can be
hydrolyzed and inactivated by intestinal mucosal esterase
and there is potential for interindividual variability in the
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expression and activity of these enzymes. In addition, aspirin
dosing can potentially affect the degree of platelet inhibition
and several clinical studies have examined the optimal
dose of ASA with the goal of maximizing CV benefit while
minimizing bleeding risk. Although some studies have shown
that ASA doses as low as 30 mg per day will fully inhibit
COX-1 activity in platelets?®, recommended dosing for CV
therapy varies between 75 mg and 325 mg?*'. Early reports
raised the possibility that ASA doses lower than 100 mg per
day could result in increased rates of high platelet activity and
increased CV MACE in patients with stable coronary artery
disease??. However, despite this initial concern, large-scale
clinical outcome studies have demonstrated equivalent CV
efficacy for doses over 100 mg/day'2324.

Drug-drug interactions also have the potential to alter
ASA efficacy. In particular, several NSAID have been shown
to compete with ASA for binding to the active site of COX-
1. Because these NSAIDS are non-covalent inhibitors with
short half-lives (6-12h), concomitant use with ASA results
in allosteric blockade of the COX active site. This NSAID-
mediated blockade of the COX active site prevents ASA-
mediated irreversible inactivation of COX and results in
rapid recovery of COX function and increased TX formation.
NSAID use in the setting of ASA therapy for CAD has been
shown to increase the risk of M.1. in clinical studies’. Proton
pump inhibitors (PPI) could also potentially alter ASA
bioavailability by potentiating gastric hydrolysis of ASA?°. PPls
are frequently prescribed in combination with antiplatelet
therapy in order to prevent gastrointestinal bleeding. Despite
concern for reduced efficacy of ASA and clopidogrel in the
setting of use with concomitant PPI’s, clinical data have failed
to demonstrate that PPl use increases MACE in DAPT-treated
patients following PCI?.

Elevated Body Mass Index (BMI) and diabetes mellitus
(DM) are associated with HPR*2?® and patients with ACS
consistently have elevated baseline platelet activity in the
setting of DAPT?. Although obesity, DM, and ACS are
associated with ASA hyporesponsiveness, the exact molecular
mechanism involved in ASA resistance in these patients has
not been clearly established®?. Increased inflammation in
obesity, diabetes, and ACS likely promotes platelet activation
and contributes to reduced antiplatelet efficacy by increasing
activation of inflammatory pathways that increase platelet
COX activity?®. Although ASA doses >100 mg/day can
effectively block COX-1 function, COX-2 has been identified
as potential additional source of TX that might contribute to
elevated residual platelet responsiveness?*3°. Until recently,
COX-1 was thought to be the only isoform expressed in
platelets, but it is now recognized that the platelets of patients
with active inflammation (surgery, infection, and disorders
with increased platelet turnover) express COX-23". The
degree to which COX-2 contributes to TX production in vivo
is unclear®. However, the presence of elevated inflammatory
mediators in ACS and diabetes may increase COX activity
resulting in chronic baseline platelet activation. Recent
data also support the premise that inflammation increases
platelet activation pathways, demonstrating that platelets of
patients with ACS have increased megakaryocyte-derived
proinflammatory mRNA transcripts2.

Genetic polymorphisms of the proteins involved in
platelet activation pathways could also contribute to
mechanisms of ASA hyporesponsiveness. Single nucleotide
polymorphisms (SNPs) in COX-1 have the potential to
impact enzyme activity and/or efficacy of inhibitors such
as ASA, thereby contributing to ASA hyporesonsiveness®’.

The prevalence of ASA hyporesponsiveness in our
investigation (6.5%) agrees with reported values. In our
study, we chose LTA to assess platelet function because
LTA is a well-validated method which has proven ability to
identify patients with HPR who are at risk for MACE'"33,
In order to assess compliance, we used a standard assay
for measurement of plasma salicylate?”. In previous
studies, blood plasma salicylate levels were 19ug/mL
+/- 3ug/mL after ingestion of 320 mg of aspirin®. In our
study, aspirin users with high residual platelet activity had
similar plasma salicylate levels (18.4 = 6.1 ug/mL) which
confirms medication compliance. Urinary TX measurement
is another method which can be utilized to asses ASA
compliance®, although this method is less direct and has the
potential to be influenced by non-platelet COX-2 activity
as discussed above?®.

For our study, we specifically chose a stringent cutoff of
>70% ADP- and collagen-stimulated platelet aggregation
to identify ASA hyporesponders, as this methodology
is consistent with other investigations examining ASA
compliance*3®. Although a cut-point of 50% aggregation
has been used by some groups to assess ASA and/or
clopidogrel hyporesponsiveness in the setting of activation
with either 5uM/mL or 20uM/mL ADP'®', striving to
obtain stringent specificity, we elected to use 10ug/mL
collagen and 20uM/mL ADP doses. The aggregation results
obtained with ADP and collagen showed strong correlation
in the extent of platelet activation (Pearson’s coefficient,
r = 0.68). This correlation between ADP- and collagen-
activated platelet aggregation demonstrates similar state
of platelet inhibition following stimulation through two
distinct molecular activation pathways. Although we did
not directly interrogate COX-dependent platelet activation
pathways with the platelet agonist arachidonic acid, the
current study does provide meaningful readout of ASA
inhibition of ADP- and collagen-mediated platelet responses
(Figure 3). In addition, these investigations demonstrate
a clear correlation between the extent of coronary artery
disease and ASA hyporesponsiveness (Table 4, Figure 4).
This correlation between ASA hyporesponsiveness and CAD
severity is consistent with previous reports demonstrating
persistent formation of TX in ASA-treated patients with CAD
requiring surgical revascularization®* and in patients with
known severe CAD*. Mechanistically, a higher inflammatory
milieu in patients with extensive CAD might promote platelet
activation and thus contribute to ASA hyporesponsiveness.

In the current study, it was not possible to ascertain differences
in ASA response as a function of salicylate levels because the study
was constrained to testing salicylate levels only in patients with HPR.
In addition, the small sample size limits conclusions on the role
of clinical factors such as tobacco use and DM on ASA response.
Despite the small sample size, smoking and DM trended toward
significance for association with ASA hyporesponsiveness as has

Arq Bras Cardiol. 2013;100(1):29-36
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been shown in previous studies. All the physicians were informed
about the results of the residual platelet activity. However, so far
there is no data suggesting that changing the antiplatelet therapy
on patients with high residual platelet activity would decrease the
cardiovascular risk.

Conclusion

In a cohort of stable coronary artery disease patients referred
for angiography, 6.5% of patients had HPR despite ASA therapy.
Future research should focus on understanding the mechanisms
of ASA resistance, and on determining if alternative ASA dosing
strategies or adjunctive pharmacotherapy can reduce the risk
of CV events in ASA hyporesponsive patients.

References

1. Antithrombotic Trialists” Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death, myocardial
infarction, and stroke in high risk patients. BMJ. 2002;324(7329):71-86.

2. RayKK, Cannon CPMcCabe CH, Cairns R, Tonkin AM, Sacks FM, etal. Early and
late benefits of high-dose atorvastatin in patients with acute coronary syndromes:
results from the PROVE IT-TIMI 22 trial. ] Am Coll Cardiol. 2005;46(8): 1405-10.

3. BreetNJ, van Werkum JW, Bouman HJ, Kelder JC, Harmsze AM, Hackeng
CM, et al. High on-treatment platelet reactivity to both aspirin and clopidogrel
is associated with the highest risk of adverse events following percutaneous
coronary intervention. Heart. 2011;97(12):983-90.

4. Angiolillo DJ, Suryadevara S, Capranzano P, Zenni MZ, Guzman LA, Bass TA.
Antiplatelet drug response variability and the role of platelet function testing:
a practical guide for interventional cardiologists. Catheter Cardiovasc Interv.
2009;73(1):1-14.

5.  Lordkipanidze M, Pharand C, Schampaert E, Turgeon , Palisaitis DA, Diodati JG.
A comparison of six major platelet function tests to determine the prevalence
of aspirin resistance in patients with stable coronary artery disease. Eur Heart ).
2007;28(14):1702-8.

6. Gum PA, Kottke-Marchant K, Poggio ED, Gurm H, Welsh PA, Brooks L, et al.
Profile and prevalence of aspirin resistance in patients with cardiovascular
disease. Am | Cardiol. 2001;88(3):230-5.

7. ansour K, Taher AT, Musallam KM, Alam S. Aspirin resistance. Adv Hematol.
2009;2009:937352.

8.  CohenM. Antiplatelet therapy in percutaneous coronary intervention: a critical
review of the 2007 AHA/ACC/SCAI guidelines and beyond. Catheter Cardiovasc
Interv. 2009;74(4):579-97.

9. Ben-Dorl, Kleiman NS, Lev E. Assessment, mechanisms, and clinical implication
of variability in platelet response to aspirin and clopidogrel therapy. Am ] Cardiol.
2009;104(2):227-33.

10. Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt T, et al.
Cytochrome p-450 polymorphisms and response to clopidogrel. N Engl ) Med.
2009;360(4):354-62.

11. Cutlip DE, Baim DS, Ho KK, Popma JJ, Lansky AJ, Cohen DJ, et al. Stent
thrombosis in the modern era: a pooled analysis of multicenter coronary stent
clinical trials. Circulation. 2001;103(15):1967-71.

12. Biondi-Zoccai GG, Agostoni P, Sangiorgi GM, Airoldi F, Cosgrave J, Chieffo A, et
al. Incidence, predictors, and outcomes of coronary dissections left untreated
after drug-eluting stentimplantation. Eur Heart ). 2006;27(5):540-6.

13. Kuchulakanti PK, Chu WW, Torguson R, Ohlmann P, Rha SW, Clavijo LC, etal.
Correlates and long-term outcomes of angiographically proven stent thrombosis
withsirolimus-and paclitaxel-eluting stents. Circulation. 2006;113(8):1108-13.

Arq Bras Cardiol. 2013;100(1):29-36

Potential Conflict of Interest

Author Rogério Sarmento-Leite reports receiving
consulting fees or paid advisory board fees from Lilly Brazil,
and Julio F. Marchini reports receiving consulting fees or paid
advisory board fees from Lilly Brazil and Daiichi Sankyo.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any post-graduation
program.

14. Mauri L, Hsieh WH, Massaro JM, Ho KK, D’Agostino R, Cutlip DE. Stent
thrombosis in randomized clinical trials of drug-eluting stents. N Engl  Med.
2007;356(10):1020-9.

15. van Werkum JW, Heestermans AA, de Korte FI, Kelder JC, Suttorp M),
Rensing BJ, et al. Long-term clinical outcome after a first angiographically
confirmed coronary stent thrombosis: an analysis of 431 cases. Circulation.
2009;119(6):828-34.

16. Angiolillo DJ, Bernardo E, Ramirez C, Costa MA, Sabate M, Jimenez-
Quevedo P, et al. Insulin therapy is associated with platelet dysfunction in
patients with type 2 diabetes mellitus on dual oral antiplatelet treatment. ]
Am Coll Cardiol. 2006;48(2):298-304.

17. Croce K. Antiplatelet therapy after percutaneous coronary intervention:
Should another regimen be “TAPT?”. Circ Cardiovasc Interv. 2010;3(1):3-5.

18. Breet NJ, van Werkum JW, Bouman HJ, Kelder JC, Ruven HJ, Bal ET, et al.
Comparison of platelet function tests in predicting clinical outcome in patients
undergoing coronary stentimplantation. JAMA. 2010;303(8):754-62.

19. Biondi-Zoccai GG, Lotrionte M, Agostoni P, Abbate A, Fusaro M, Burzotta F,
etal. Asystematic review and meta-analysis on the hazards of discontinuing
or not adhering to aspirin among 50,279 patients at risk for coronary artery
disease. Eur Heart ). 2006;27(22):2667-74.

20. Tantry US, Mahla E, Gurbel PA. Aspirin resistance. Prog Cardiovasc Dis.
2009;52(2):141-52.

21. Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD, Hochman
JS, etal. ACC/AHA 2002 guideline update for the management of patients
with unstable angina and non-ST-segment elevation myocardial infarction-
-summary article: a report of the American College of Cardiology/
American Heart Association task force on practice guidelines (Committee
on the Management of Patients With Unstable Angina). ] Am Coll Cardiol.
2002;40(7):1366-74.

22. LeePY,Chen WH, Ng W, Cheng X, Kwok JY, Tse HF, et al. Low-dose aspirin
increases aspirin resistance in patients with coronary artery disease. Am
Med. 2005;118(7):723-7.

23. Peters RJ, Mehta SR, Fox KA, Zhao F, Lewis BS, Kopecky SL, et al. Effects
of aspirin dose when used alone or in combination with clopidogrel in
patients with acute coronary syndromes: observations from the Clopidogrel
in Unstable angina to prevent Recurrent Events (CURE) study. Circulation.
2003;108(14):1682-7.

24. Mehta SR, Tanguay JF, Eikelboom JW, Jolly SS, Joyner CD, Granger CB, etal.
Double-dose versus standard-dose clopidogrel and high-dose versus low-
dose aspirin in individuals undergoing percutaneous coronary intervention
for acute coronary syndromes (CURRENT-OASIS 7): arandomised factorial
trial. Lancet. 2010;376(9748):1233-43.



Manica et al
Aspirin and residual elevated platelet aggregation

Original Article

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bhatt DL, Cryer BL, Contant CF, Cohen M, Lanas A, Schnitzer TJ, et al.
Clopidogrel with or without omeprazole in coronary artery disease. N
Engl ) Med. 2010;363(20):1909-17.

Angiolillo DJ. Variability in responsiveness to oral antiplatelet therapy.
Am ] Cardiol. 2009;103(3 Suppl):27A-34A.

Bhatt DL. Aspirin resistance: more than just a laboratory curiosity. ] Am
Coll Cardiol. 2004;43(6):1127-9.

Croce K, Libby P. Intertwining of thrombosis and inflammation in
atherosclerosis. Curr Opin Hematol. 2007;14(1):55-61.

Goodman T, Sharma P, Ferro A. The genetics of aspirin resistance. Int
Clin Pract. 2007;61(5):826-34.

Warner TD, Mitchell JA. Cyclooxygenases: new forms, new inhibitors,
and lessons from the clinic. FASEB J. 2004;18(7):790-804.

Rocca B, Secchiero P, Ciabattoni G, Ranelletti FO, Catani L, Guidotti
L, et al. Cyclooxygenase-2 expression is induced during human
megakaryopoiesis and characterizes newly formed platelets. Proc Natl
Acad Sci US A.2002;99(11):7634-9.

Raghavachari N, Xu X, Harris A, Villagra ], Logun C, Barb J, etal. Amplified
expression profiling of platelet transcriptome reveals changes in arginine
metabolic pathways in patients with sickle cell disease. Circulation.
2007;115(12):1551-62.

Gurbel PA, Becker RC, Mann KG, Steinhubl SR, Michelson AD. Platelet
function monitoring in patients with coronary artery disease. ] Am Coll
Cardiol. 2007;50(19):1822-34.

34.

35.

36.

37.

38.

39.

40.

Cerletti C, Bonati M, del Maschio A, Galletti F, Dejana E, Tognoni G, et al.
Plasma levels of salicylate and aspirin in healthy volunteers: relevance to drug
interaction on platelet function. J Lab Clin Med. 1984;103(6):869-77.

Gremmel T, Steiner S, Seidinger D, Koppensteiner R, Panzer S, Kopp CW.
Comparison of methods to evaluate aspirin-mediated platelet inhibition after
percutaneous intervention with stentimplantation. Platelets. 2011;22(3):188-95.

Frelinger AL 3, Furman MI, Linden MD, Li Y, Fox ML, Barnard MR, et al.
Residual arachidonic acid-induced platelet activation via an adenosine
diphosphate-dependent but cyclooxygenase-1- and cyclooxygenase-2-
independent pathway: a 700-patient study of aspirin resistance. Circulation.
2006;113(25):2888-96.

Mueller MR, Salat A, Stangl P Murabito M, Pulaki S, Boehm D, et al. Variable
platelet response to low-dose ASA and the risk of limb deterioration in
patients submitted to peripheral arterial angioplasty. Thromb Haemost.
1997;78(3):1003-7.

Schwartz KA, Schwartz DE, Ghosheh K, Reeves MJ, Barber K, DeFranco A.
Compliance asa critical consideration in patients who appear to be resistant to
aspirin after healing of myocardial infarction. AmJ Cardiol. 2005;95(8):973-5.

Poston RS, GuJ, Brown JM, Gammie JS, White C, Nie L, etal. Endothelial injury
and acquired aspirin resistance as promoters of regional thrombin formation
and early vein graft failure after coronary artery bypass grafting. ] Thorac
Cardiovasc Surg. 2006;131(1):122-30.

Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S. Aspirin-resistant
thromboxane biosynthesis and the risk of myocardial infarction, stroke,
or cardiovascular death in patients at high risk for cardiovascular events.
Circulation. 2002;105(14):1650-5.

Arq Bras Cardiol. 2013;100(1):29-36

36



