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(@ Abstract

Aims & Objectives: Platelet aggregation is a key factor behind coronary artery disease. Various complications
after an anack of acute coronary svndrome are ofien related to the platelet hvperactivity in the early howrs
following the event. There is a growing concern regarding aspirin & clopidogrel resistance, which has put the
time-iested therapies under scrutiny. Time has come to address the issue of plarelet hvperactivity in the early
hours & whether 1o individualize therapy and drug doses in different patients.

Materials & Methods: We prospectively enrofled 41 patients with a diagnosis of acute myvocardial infarction
{AMI) between Julv 2009 and July 2010 admitted to the cardivlogy ward and ICCU of Medical College, Kolkata,
after fulfillment of inclusion & exclusion criteria. The study was reviewed and approved by the Institutional
Ethical Committee. Plateler Aggregation (PA) with 10uM epinephrine, 2ug/ml collagen and 10uM ADP was
performed with light transmittance aggregometry in all patients according to the standard protocol. Tests were
done within 3 hours of sampling with platelet-rich plasma (PRP) by the twrbidometric method in a 2-channel
ageregometer (Chrono-Log 490 Model, Chrono-Log Corp, Havertown, Pa). Aspirin & clopidogrel resistance
were defined as per ACC/AHA guidelines. Plateler aggregation studies were done at presentation (zero hour)
and 48 hours after instituting dual antiplatelet therapy in standard doses.

Results: Patients with first attack af AMI showed a high mean platelet aggregation at 0 howrs of 77.4% + 18.8%
with ADP, 77.5% % 26% with Epinephrine & 73.5% x 24.9% with Collagen. With all three agonists, the initial
hyperactivity of platelets at 0 hours was significantly higher among diabetics & obese. Though reduced |
significant platelet hyperactivity remained at 48 hours after initiating standard antiplatelet therapy; 50.3% =
14.3% with ADP, 56.5% + 21.0% with epinephirine & 38.4%x 22% with collagen.

Conclusion: In the early hours after AMI there is a fairly high degree of platelet aggregation . Even after 48
hours of standard antiplateler therapy the platelet aggregation though reduced, still remains significantly high.
Since recurrent ischemic episodes frequently occur in this vilnerable period | time has come to assess plateler
aggregation status in high risk groups. if not in all patients of acute coronary syndrome during this period so
L that therapy may be individualized. Further researches are required in this area.

INTRODUCTION

“Platelets™ the small anuclear cell fragments in blood act as

the response of platelets o different agonists. The reason
behind this is probably the multiplicity of receptors, ligands,

the major culprit behind the pandemic of this era -"non-
communicable diseases™ - Coronary artery disease (CAD),
cerebrovascular disease & metabolic syndrome. Even with
well established therapies to prevent platelets from producing
complications, it has not yet been possible to prevent such
adverse events. There is wide inter-individual variability in

signaling pathways and responses. The growing concern
regarding Aspirin & Clopidogrel resistance with regards to
anti-platelet therapy led researchers to probe into this
importantissue through a series of studies. The results of The
Antithrombotic Trialists’ Collaboration, Clopidogrel in
Unstable Angina to Prevent Recurrent Events (CURE) and
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The Clopidogrel for the Reduction of Events During
Observation (CREDO) trials led to universal use of Aspirin
& Clopidogrel to prevent vascular events in Coronary artery
diseases. But perhaps time has come to be more specific and
individualize therapy and drug doses in different patienis
depending on individual responses.

METHODS

We prospectively enrolled 41 patients with a diagnosis of
Acute Myocardial Infarction (AMI) (first attack) between
July 2009 and July 2010 after obtaining their written consent.
The consecutive patients admitted to the cardiology ward and
ICCU with AMI were recruited for the study. The study was
reviewed and approved by the Institutional Review Board.
Patients whowere =21 years old were only included. Exclusion
criteria were use of nonsteroidal anti-inflammatory drugs,
family or personal history of bleeding disorders, platelet
count <150x10°/L or > 450 x10% L.

Blood samples

Blood samples for platelet function assays were collected
from an antecubital vein using a 2 1-gauge needle. The first 2
to 4 mL of blood was discarded to avoid spontaneous platelet
activation. Blood samples were collected in 3.2% citrated
plasma.

Antiplatelet therapy

Antiplatelet therapy was given in standard doses (aspirin
325mg loading and 150 mg daily maintenance; clopidogrel
300 mg loading and 75 mg daily maintenance)

Platelet Function Analysis

Platelet Aggregation (PA) with 10 pM epinephrine, 2ug/ml
collagen and 10 uM adenosine dipliosphate (ADP) was
performed with light transmittance aggregometry inall patients
according to the standard protocol'=, Tests were done within
3 hours of sampling with platelet-rich plasma (PRP) by the
turbidometric method in a 2-channel aggregometer (Chrono-
Log 490 Model, Chrono-Log Corp, Havertown, Pa). PRP
was obtained as a supernatant after centrifugation of citrated
blood at 800 rpm for 10 minutes. The isolated PRP was kept
at 37°C before use. Curves were recorded for 6 minutes, For
optical platelet aggregation. optical density changes were
detected photoelectrically as platelets began to aggregate. .

RESULTS

Platelet function at presentation (0 hr) & 48 hours after dual
antiplatelet therapy with aspirin and clopidogrel was analyzed
in all 41 patients with first attack of AMI, by conventional
aggregometry. Demographic parameters, risk factors,
medications used and left ventricular function of the patients
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are depicted in Table 1. Platelet activity in patients done at 0
hour showed a high mean platelet aggregation of 77.4 +
18.8% with ADP, 77.5 = 26% with Epinephrine & 73.5 =
24.9% with Collagen. 4 patients (9.8%) showed spontaneous
ageregation. Though reduced, significant platelet
hyperactivity remained at 48 hours, the corresponding figures
being 50.3% = 14.3% for ADP 56.5% +21.6% forepinephrine
& 38.4% =+ 22% for Collagen (p value <0.001 for all)
(Figurel).

Wi Pufistal Aggrag shan

103~
| i valme =
[
#0 . TIATTE |
T

L s hoe

I Lo [ = P
™ na | COLLADEN
F B
o

Oty 48 painarn

Figure I: Mean Plateler Aggregavion with ADP, Epinephrine, Collugen
at O hours & 48 howrs

Table 1: Demographics of stuefy population,

WARABLE nmdl
Buze, years [+ S0) E0.78 & 1225
B m2) 2359 + 272
Miale Gendes, n (%) _|28(70 7%
Shatin usage 41(100%)
ACE inkbabilorg6aRE 36(BT 8%)
Beis blockers 3(T5 61%)
Calenmmn channel blockers [4(8 TE%)
LVEF (%) 484 ¢+ 4B
Todal ¢halestarolimgidl) 203 14 + 355
HOL{mg/dl) 1691 + 163
LDLimagidn 12887 + 3411
TG {mpgedl) 1333 + 3868
|FES{rmfdl) 12159 +£4813
Hbamydl) 12594+132
TC 10400 = 2900
ESR 499 + 20 .06
Platedet (lacs) 189+ 96
PULSE 764 & 1559
MaF 91 76 £ 681
Lirésa 2985 £02
Creat af + 2

The initial hyperactivity of platelets at O hour was significantly
higher among diabetics compared with non-diabetics (85.7%
+ 22.3% vs 69.4% = 18.7% with ADP; p value= 0.00286 ,
87.7% = 21.5% vs 67.4% = 16.1% with Epinephrine; p
value= 0 013, B84.19% + 23% vs 62.9% = 19.2% with
collagen; p value= 0.006 ) (Figure 2). With ADP this higher
trend in diabetics remains no longer significant at 48 hours
(52,19 = 13.9% vs 48.6% = 14.1%) (Figure 3). Atzero hour,
statistically significant difference was also observed in
subgroup analysis among obese vs non-obese (84.8% =
20.7% vs 72.6% £ 21.4% with ADP; pvalue=0.012, 89.1%
+ 21.8% vs 69.8% = 19.6% with Epinephrine; p value=
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0.004, 86.2% + 24.3% vs 65.1% + 19.4% with collagen; p
value=0.004 ) (Figure 4.). No such significant difference was
observed among hypertensives or dyslipidemics.

At 48 hours of therapy , 24.39% of patients were dual drug
resistant. Additionally 17.07% of patients were resistant to
aspirin alone while 21.95 % of patients were resistant to
clopidogrel only.
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Figure 2: Comparison of mean plareler Aggregation at 0 hours among
diabetics & non-diabeiics.
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Figure 3: Comparison af mean platelet Aggregation ar 0 hours 48 hours
{with ADP) among diabetics & non-diabetics.

The patients showing single or dual drug resistance at 48
hours had a higher mean platelet aggregation (84.77% with
ADP) at presentation in comparison to those without drug
resistance (59.67% with ADP).

DISCUSSION

The entire array of platelet surface receptors , interactions
with ligands, signal transductions leading to ultimate platelet
activation, degranulation, aggregation & thrombosis is
complex. A number of agonists bind to their respective
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Figure 4: Comparison of mean platelet Aggregavion ar 00 hours among
obese & non-obese.
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Figure 5: Anti-plateler drug resistance in study group ar 48 hours

membrane receptors on adherent platelets which includes
humoral mediators in plasma (e.g Thromboxane A,
Thrombin}), mediators released from activated cells- (ADP,
Serotonin) and vessel wall extracellular matrix constituents
(Collagen, vWF). All these processes ultimately lead to
conversion of alpha ITb/beta 3 (or glycoprotein [Tb/I11a) from
its resting state to active state where it binds fibrinogen and
allows cross linking of platelets culminating in platelet
aggregation®*467,

Several of these stimuli can synergistically activate platelets
and amplify response to other mediators. Thus a sudden
surge in the level of catecholamines can potentiate the
aggregation mediated by other agonists like ADP and
arachidonic acid by increasing the sensitivity of the platelets
tosuch agonists. The presence of even a small concentration
of ADP and/or arachidonic acid may activate platelets in such
situations,

Hence therapy to inhibit platelet activation may be targeted
atdifferent levels®® e.g. Thromboxane A, ADP, Glycoprotein
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[1b/111a inhibitor, Thrombin, Epinephrine®.

Clinical trials have shown the efficacy of aspirin and
clopidogrel in prevention of Acute Coronary Syndrome &
cardiovascular death e.g. The Antithrombotic Trialists
Collaboration™", The Clopidogrel vs. Aspirin in Patients at
Risk of Ischaemic Events (CAPRIE) study ', CURE trial ™2,
CREDO trial and Per-cutaneous Intervention (PCI-CURE
substudy'*". Despite the benefits of dual antiplatelet therapy,
many patients continue to suffer adverse consequences of
cardiovasculardisease'. Prevalence of aspirin and clopidogrel
resistance has been reported to be between 5 and 30% in
world literature'™.

There is marked inter-individual variation in platelet
hyperactivity™. The enhanced platelet function is correlated
with the degree of myocardial damage in M1 patients, and this
is observed well before peak levels of CK-MB and Troponin
T are reached”. The platelet hyperactivity persists mostly in
early hours and days following AMI & gradually normalizes
over next 48 hours 1o 7 days. This is also evident in our
present study. On sub-group analysis, this high platelet
aggregability at presentation was found to be significantly
higher among diabetics & obese. Such difference among sub-
zroups was however not observed with other risk factors e.g.
Dyslipidemia, Hypertension and Smoking. Studies have
shown that diabetic patients are more susceptible to platelet
aggregation". Even in unstimulated state, platelets from
diabetic subjects release more noradrenaline than platelets
from non-diabetic subjects®, The in-vitro documentation of
increased platelet aggregation in diabetics in the present
study reconfirms the fact, that, they are truly at higher risk as
far as platelet activation and aggregation is concerned, and
require a risk adapted therapy.

Though there is no clearcut definition of aspirin resistance.
Patients on aspirin and clopidogrel with =250% aggregation
with collagen (2 pg/ml) but < 50% aggregation with ADP
(1OuM) were labeled as aspirin resistant and 250%
aggregation with ADP (10uM) but <50% aggregation with
collagen (2 pg/ml) were labeled as resistant to clopidogrel.
Dual resistance was defined as >50% aggregation with both
collagen (2 pg/ml) and ADP (10uM). as published in recent
literatures and according to the recommendation of ACC/
AHA 2005 guideline™.

Al 48 hours of therapy, 24.39% of patients were dual drug
resistant. Additional 17.07% of patients were resistant to
asprin alone, and 21.95% of patients were resistant to
clopidogrel alone. The demonsiration of increased platelet
aggregation even after 48 hours of dual antiplatelet therapy,
highlights the altered milieu in the early hours after the event
which takes more time to settle down. A study by Gum et al
demonstrated that aspirin resistance was associated with an
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increased risk of death, M1, or CVA. Stratified multivariate
analyses identified platelet count, age, heart failure, and
aspirin resistance to be independently associated with major
adverse long-term outcomes™,

The patients showing single or dual drug resistance at 48
hours had a higher mean platelet aggregation at presentation
in comparison to those without drug resistance . Hence initial
platelet hyperaggregability at () hours may serve as a marker
of future drug resistance. Thus there remains a scope for
altering the therapy and to prevent drug resistance from the
beginning by assessing platelet aggregability at 0 hours.
However the treatment for antiplatelet drug resistance is as
yet undefined. Various studies have shown supenority of
using 600 mg of clopidogrel prior to PCI when compared
with 300 mg of clopidogrel as pretreatment or loading
dose***. In an earlier study, we observed that the resistance
canbe overcome in many patients by doubling the maintenance
dose of the respective drug™. With the availability of increasing
numberof potent antiplatelet drugs, more research is required
to look for whether individualized approach in anti platelet
drug therapy is needed.

CONCLUSION

Ouwr study shows that in the early hours after AMI there is a
fairly high degree of platelet aggregation. After 48 hours of
standard antiplatelet therapy the platelet aggregation though
reduced, still remains significantly high. As this early
vulnerable period is frequently associated with recurrent
ischemic episodes, it may be worthwhile to assess platelet
aggregation status in high risk groups, if not all patients of
Acute Coronary Syndrome during this period so that therapy
may be individualized. Further researches are required in this
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