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Abstract
Adenosine diphosphate (ADP) receptor antagonists are anti-platelet
drugs used for treatment and prevention of thromboembolism. Clopidogrel,
a second generation P2Y12 ADP receptor antagonist, has been used over
past decade with or without aspirin in acute coronary syndrome (ACS).
Clopidogrel has several drawbacks due to two-step bioactivation by
cytochrome P450 (CYP) leading to delayed onset and inter-individual
variation. These lead to development of newer ADP receptor antagonists
with more predictable pharmacokinetics and pharmacodynamics. The
newly approved ADP receptor antagonists include oral prasugrel and
ticagrelor, and intravenous cangrelor. During tooth extraction, significant
bleeding may occur in patients receiving anti-platelet drugs especially
aspirin plus ADP receptor antagonist therapy. This article describes the
pharmacological properties and risk of bleeding especially in dental
surgery of newly approved ADP receptor antagonists.
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Introduction

Platelets play an important role in the
formation of arterial thrombus, which is a common
cause of ACS and ischemic complications
following percutaneous coronary intervention
(PCI) 1, 2. Anti-platelet agents are mainstay
treatment for patients with ACS and patients
who undergo PCI. Currently available antiplatelet drugs are concluded in figure 13. Aspirin
irreversibly inhibits cyclooxygenase-1 (COX-1)
leading to reduce thromboxane A 2 (TXA 2)
synthesized from platelets. Low-dose aspirin is
prescribed indefinitely in single or combination
with P2Y12 ADP receptor antagonist to prevent
ischemic complications following PCI up to 1

year4. P2Y12 receptor antagonists are rapidly
expanding group of anti-platelet drugs due
to drawbacks of ticlopidine (the first P2Y12
receptor antagonist) and clopidogrel (the second
P2Y12 receptor antagonist)5. Both drugs have
delayed onset of action. Severe neutropenia
is a serious adverse effect of ticlopidine6.
The difference in inter-individual response to
clopidogrel is responsible for unsuccessful
treatment outcomes such as coronary ischemia
and stent thrombosis7. In addition, the irreversible
anti-platelet effect may increase risk of blood
loss and transfusion requirement in patients
undergoing coronary bypass surgery (CABG)8.
The above limitations facilitated the search

Figure 1 Metabolism and mechanism of action of P2Y12 receptor antagonists. Clopidogrel
and prasugrel are pro-drugs required hepatic biotransformation to active metabolites
whereas ticagrelor and cangrelor has direct antagonistic effect on platelet P2Y12
receptor. While 85% of absorbed clopidogrel is inactivated by esterase enzyme
and then undergoes 2-step biotransformation by CYP to active metabolite, 100% of
intermediate metabolite by esterase of prasugrel is changed by single CYP to active
metabolite. The parental compound and active metabolite of ticagrelor have reversible
antagonistic effect at P2Y12 receptor. Cangrelor is an intravenous direct active P2Y12
receptor antagonist. ADP = adenosine diphosphate; CYP = cytochrome P450; GPIIb/
IIIa = glycoprotein IIb/IIIa.
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for new P2Y12 receptor antagonists. The new
P2Y12 receptor antagonists such as prasugrel
(Effient®), ticagrelor (Brilinta ®) and recently
approved cangrelor (Kengreal®) are focused in
this review.
Pharmacological properties of P2Y12 receptor
antagonists
ADP is secreted from dense granule
of activated platelets. It plays a key role
in physiological process of hemostasis and
thrombosis. Extracellular nucleotides such
as ADP and ATP activate two classes of
purinergic receptors; namely P2X (ligandgated calcium channel) and P2Y (G-protein

coupling receptor)9. ATP activates P2X1 leading
to increase intracellular calcium while ADP
activates P2Y 1 and P2Y 12 receptors 10. The
activation of P2Y1 receptor induces rapid initiation
of platelet activation by increasing the cytosolic
calcium, which results in platelet shape change
and aggregation via GPIIb/IIIa receptor. P2Y12 is
Gi-coupling receptor. Activation of P2Y12 leads
to GPIIb/IIIa activation via phosphoinositide-3
kinase11, 12 (figure 2). In addition, activation of
P2Y12 potentiates other agonists in inducing
platelet aggregation13. P2Y12 is the target of antiplatelet drugs because of selective distribution
in platelets, whereas P2Y1 receptors express
in many tissues such as heart, blood vessel,

Figure 2 Mechanism of ADP-induced platelet activation. ADP, which is secreted from
dense granules, activates platelet through P2Y1 and P2Y12 receptors. Activation
of P2Y1 results in elevated intracellular calcium. Meanwhile activation of
P2Y12 receptor lowers cAMP leading dephosphorylation of vasodilatorstimulated phosphoprotein (VASP) and inhibition of glycoproptein IIb/IIIa (GPIIb/
IIIa). Transient rise in intracellular calcium induces platelet degranulation and
activation of GPIIb/IIIa (or fibrinogen receptor). Platelets aggregates through
activated GPIIb/IIIa using fibrinogen as bridge. P2Y12 activates GPIIb/IIIa via
phosphatidylinositol-3-kinase (PI-3K) and indirectly via dephosphorylated VASP.
AC = adenylate cyclase; ADP = adenosine diphosphate; ATP = adenosine
triphosphate; cAMP = cyclic adenosine monophosphate; DAG = diacyl glycerol;
IP3 = inositol triphosphate; PLC = phospholipase C.
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neural tissue, prostate, and ovary14, 15.
Ticlopidine, clopidogrel and prasugrel are
P2Y12 inhibitors in thienopyridine family of ADP
receptor antagonists16 (figure 3). They are prodrugs, which require hepatic conversion to active
metabolites. The active metabolites irreversibly
inhibit P2Y12 receptor.
Clopidogrel
After absorption, 85% of clopidogrel is
hydrolyzed by esterase to inactive metabolites.
The remaining clopidogrel undergoes two-step
biotransformation by CYP; first by CYP1A2,
CYP2B6 and CYP2C19 to oxo-clopidogrel,
and second by CYP2B6, CYP2C9, CYP2C19
and CYP3A4 to form active metabolite
(R-130964)17. The complex biotransformation to
active metabolite of clopidogrel is responsible
for the delay onset of platelet inhibition. In
addition, genetic polymorphism of CYP2C19
causes significant inter-variation responses to
clopidogrel18.

Prasugrel
Prasugrel is a third-generation of
thienopyridine that overcomes some limitations
of clopidogrel. After metabolism, intermediate
metabolite is converted to active form (R-138727)
by a one-step CYP reaction (mainly either CYP3A
or CYP2B6) leading to faster onset (30 min)
and 10-fold more potent than clopidogrel19. The
active metabolites of prasugrel and clopidogrel
have the same anti-platelet potency in vitro
with 50% inhibitory concentration (IC50) of 0.3
µM20. However, more efficient and consistent
conversion of prasugrel to active metabolite
is responsible for greater anti-platelet effect
compare to clopidogrel in human21. Clinical trial
demonstrated that prasugrel in combination with
aspirin decreased mortality, rate of myocardial
infarction and stent thrombosis (in both drugeluting stents and bare-metal stents) significantly
compared to clopidogrel plus aspirin 22, 23.
Prasugrel did not only decrease procedurerelated myocardial infarction but also decreased

Figure 3 Currently available anti-platelet drugs including cyclooxygenase-1 inhibitors (aspirin,
triflusal), P2Y12 receptor antagonists (ticlopidine, clopidogrel, prasugrel, ticagrelor, and
cangrelor), GPIIb/IIIa inhibitors (abciximab, eptifibatide and tirofiban), phosphodiesterase
inhibitors (dipyridamole and cilostarol), prostacyclin analog (iloprost and beraprost), and
PAR-1 inhibitor (vorapaxar). AA = arachidonic acid; AC = adenylate cyclase; AMP
= adenosine monophosphate; cAMP = cyclic adenosine monophosphate; COX-1 =
cyclooxygenase-1; GP IIb/IIIa = glycoprotein IIb/IIIa; PAR-1 = protease activated receptor-1;
PDE = phosphodiesterase; TxA2 = thromboxane A2.
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spontaneous myocardial infarction rate by 26% Cangrelor
at 15-months follow-up after PCI24.
Cangrelor, a structure related to ATP, is the
first intravenous P2Y12 inhibitor. Cangrelor cause
Ticagrelor
reversible P2Y12 inhibition by binding to P2Y12
Ticagrelor is a member in new class of receptor at the same site as ADP25. Cangrelor
P2Y12 receptor antagonists25. It has direct and inhibits platelets immediately after intravenous
allosteric reversible antagonistic effect at P2Y12 administration. Cangrelor is inactivated by rapidly
receptor26. The binding of ticagrelor to P2Y12 by ectoADPase located on surface of endothelial
receptor induces conformational change that cells; thus platelet function is recovered within 1
prevents G-protein activation by ADP. Ticagrelor hour after stop infusion31. It has very rapid onset
and it active metabolite (AR-C124910XX), which (a few second) with duration of action about 1
is converted by CYP3A4, have direct anti- hour after cessation of infusion. Cangrelor is a
platelet activity27. In contrast to other P2Y12 candidate drug used to reduce thrombotic events
receptor antagonists, ticagrelor has to be during PCI. Cangrelor reduced thrombotic events
administered twice daily due to its short half-life including stent thrombosis at 48 hours after
(8 hours)28 (table 1). Ticagrelor has more rapid PCI compared to clopidogrel (loading dose 300
onset (30 minutes) and offset than clopidogrel. or 600 mg)32. In bridging anti-platelet therapy,
In addition, ticagrelor has markedly greater cangrelor was administrated to clopidogrel
platelet inhibition than clopidogrel. Ticagrelor or prasugrel treated patients who underwent
(180 mg) caused 88% platelet inhibition at 2 CABG or any urgent surgery. Discontinuation of
hours compared to 38% inhibition by clopidogrel clopidogrel or prasugrel for 7-10 days is required
(600 mg)29. Prasugrel and ticagrelor showed before surgery, resulting in increased risk of
effective anti-platelet effect in patients after PCI ischemia. After clopidogrel cessation, cangrelor
who resisted to clopidogrel treatment30.
maintained low platelet activity levels compared
to placebo and no reported major bleeding prior
Table 1 Comparison of pharmacological properties of P2Y12 receptor antagonists
Clopidogrel
Prasugrel
Ticagrelor
Chemical structure
Thienopyridine
Thienopyridine
CPTP
Route and frequency
Oral (od)
Oral (od)
Oral (bid)
of administration
Pro-drugs
Yes
Yes
No
Binding to P2Y12
Irreversibly
Irreversibly
Reversibly
receptor
Metabolism
Esterases and
Esterase and
No metabolism
then two-step
then CYP3A4
required or
metabolism by
and CYP2B6 to
metabolized by
CYP to active
active metabolite
CYP 3A4
metabolite
Time of reach steady
6 hours35
2 hours35
2 hours27
state platelet inhibition
Time to restore
5 days
7 days
5 days
36, 37
platelet function

Cangrelor
ATP analog
IV
No
Reversibly
No metabolism
required

Seconds36
1 hour after stop
infusion

CPTP = cyclopentyltriazolopyrimidines; od = once daily; bid = twice daily; IV = intravenous; CYP = cytochrome P450
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CABG33. However, cangrelor antagonized antiplatelet effect of active metabolites of clopidogrel
and prasugrel in vitro34. Therefore, it is uncertain
how long cangrelor should be discontinued
before starting clopidogrel.
Risk of bleeding
Aspirin plus clopidogrel has been showed
to reduce myocardial ischemic events compared
to aspirin alone. However, aspirin plus clopidogrel
has been accompanied by an increases risk of
bleeding. Severity of bleeding correlated with
mortality rate of patients 38. Gastrointestinal
bleeding was the most frequently bleeding
reported39.
Prasugrel
Patients receiving prasugrel had increased
bleeding tendency together with decreased rates
of ischemic events22. In this study, ACS patients
who planed to undergo PCI received aspirin (75162 mg) plus either prasugrel (a 60-mg loading
dose and followed by a 10-mg maintenance
dose) or clopidogrel (a 300-mg loading dose
and followed by a 75-mg maintenance dose).
Major bleeding occurred more frequency in
prasugrel compared to clopidogrel group. The
fatal bleeding has been reported with odds ratio
of 4.19 in prasugrel group. Gastrointestinal and
intracranial sites were the most frequent sites
of life-threatening bleeding in prasugrel treated
patients. Patients who had history of stroke,
transient ischemic attack, elderly (age ≥ 75
years), and weight less than 60 kg might have
less clinical efficacy and increased risk of
bleeding22.
Ticagrelor
In contrast to prasugrel, ticagrelor
decreased mortality rate in ACS patients
without increased incidence of major bleeding
in comparison with clopidogrel40. Ticagrelor was
administrated (a 180-mg loading dose and 90-mg
70

twice daily maintenance dose) plus aspirin to
ACS patients. The incidences of major bleeding
and CABG-related bleeding were not different
between ticagrelor and clopidogrel treated
patients 41. However, non-procedure related
bleeding (spontaneous bleeding) increased
in ticagrelor treated patients with odds ratio
of 1.1940. Ticagrelor has more potent platelet
inhibition than clopidogrel but its effect is
reversible therefore, the incidence of major
bleeding did not increase compared to clopidogrel.
Major bleeding of ticagrelor treated patients was
not different among gender, age and race. The
increase susceptibility of bleeding has been
reported Asian people. However retrospective
study showed that bleeding rates were similar
between Asians and non-Asians42.
Cangrelor
The rate of life-threatening bleeding in
patients receiving cangrelor prior to PCI was
very low, and incidences of moderate to severe
bleeding were not different in comparison with
clopidogrel treated patients32. In addition, there
were no significant differences in bleeding prior
to CABG in patients bridging clopidogrel with
cangrelor 33.
Implication of P2Y12 antagonists in dental
practice
Anti-platelet drugs increase bleeding,
blood transfusion requirement and length of
hospital stay in patients undergoing surgery.
However, the cessation of anti-platelet drugs
was associated with mortality especially within 6
weeks after PCI43. In patients scheduled CABG,
American College of Cardiology/American Heart
Association (ACC/AHA) recommended to stop
clopidogrel and ticagrelor for at least 5 days and
prasugrel for 7 days prior surgery37. However,
data concerning about the risk of bleeding in
non-cardiac surgery are very limited. Aspirin and
aspirin plus clopidogrel continuation during non-
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cardiac surgery led to an increase in bleeding
time by 1.5 and 3.4 folds, respectively44, 45.
However, the prolongation of surgical bleeding
had not affect surgical outcome and mortality
rate of patients.
The risk of excessive oral bleeding after
dental procedure has been concerned. Risk of
bleeding in patients who receive single or dual
anti-platelet drugs and undergo dental extraction
has been studied46. No postoperative bleeding
was found in patients receiving single antiplatelet drugs (n = 117), which was aspirin or
clopidogrel46. One of 43 patients in aspirin plus
clopidogrel group experienced postoperative
bleeding after extraction of three upper molars.
In this study, patients required more complex
tooth extraction were excluded46. However, in
another report, prolonged immediate postoperative
bleeding was observed in patients received aspirin
plus clopidogrel (n = 33)47. Local hemostatic
measures successfully stopped postoperative
bleeding. The hemorrhagic complication after
dental extractions was also studied in 176
patients receiving aspirin plus clopidogrel48. In
this study, post-operative bleeding was managed
by the gauze compression with tranexamic acid.
Mild hemorrhage (bleeding less than 30 minutes)
was found in most patients (90.9 %) however,
only 9.1 % reported prolong bleeding for more
than 30 minutes. Patients were instructed
for using mouth washing with tranexamic
acid every 6 hours. At 24 hours, only 8.3%
of patients reported mild hemorrhage. The
increased incidences of bleeding in this study
might due to the difference in local anesthetic
procedure that used 3% mepivacaine without
vasoconstrictor. The risk of post-operative
hemorrhage was associated with the presence
of inflammation (odds ratio = 10.07) and number
of extracted roots (odds ratio = 7.34)48.
Bleeding tendency increased in periodontitis
because of hyperemia and fragility of blood
vessels from local inflammation. In periodontal

treatment, post-operative bleeding was not
found in patients receiving single anti-platelet
drug including aspirin (n = 48) or ticlopidine
(n = 12)49. However, a case report showed
the severe gingival hemorrhage following nonsurgical periodontal procedures (scaling and
root planning) in a patient received dual antiplatelet therapy50. In this case, post-operative
hemostasis was confirmed before leaving dental
clinic without the used of hemostatic measures.
Twenty-four hours later, patients admitted with
severe bleeding of inter-dental papilla between
teeth #25-26. However, bleeding was wellcontrolled by local hemostatic measures50.
In contrast to clopidogrel, evidence for
risk of bleeding in patients receiving prasugrel
or ticagrelor who undergo dental surgery was
limited. Bleeding especially life-threatening
bleeding found more frequently in patients
receiving prasugrel, which is ten-fold, more
potent than clopidogrel22. A recent clinical trial
investigated risk of bleeding among dental
patients (n = 129) receiving antiplatelet therapy
(aspirin combined with either clopidogrel or
prasugrel)51. Prolonged bleeding time about 10
minutes (21% increased) was found in prasugrel
treated patients. In addition, wound suture
decreased bleeding time significantly compared
with gauze swab hemostasis in the presence
or absence of epinephrine 51. This evidence
suggested that tooth extraction performed safely
in patients receiving aspirin plus prasugrel.
However, there is no clinical trial or evidencebased data for bleeding risk in patients received
ticagrelor plus aspirin in dental surgery.
Minor surgery including tooth extraction
is associated with minor risk of bleeding. No
indication for cessation of anti-platelet therapy in
stent implantation patients who undergo dental
surgery52. However, elective surgery should
be delayed by at least 6 months or ideally
12 months after PCI53. Although uninterrupted
aspirin plus clopidogrel therapy prolonged
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clopidogrel: evidence-based recommendations for
bleeding in dental surgery, most evidences
use. Ann Pharmacother 2008; 42: 550-7.
suggested that dental surgery especially tooth
extraction should perform safely with proper 5. Cattaneo M. P2Y12 receptor antagonists: a rapidly
expanding group of antiplatelet agents. Eur Heart
hemostatic measures. However, evidence for risk
J 2006; 27: 1010-2.
of hemorrhage in patients treated with aspirin 6. Love BB, Biller J, Gent M. Adverse haematological
plus prasugrel or ticagrelor in dental surgery
effects of ticlopidine. Prevention, recognition and
was very limited. Dentists should concern
management. Drug Saf 1998; 19: 89-98.
about prolong bleeding time and should provide 7. Snoep JD, Hovens MM, Eikenboom JC, et
al. Clopidogrel nonresponsiveness in patients
proper hemostatic measures. Discontinuation of
undergoing percutaneous coronary intervention with
anti-platelet should not be advised to patients
stenting: a systematic review and meta-analysis.
without consulting cardiologist.
Am Heart J 2007; 154: 221-31.

Conclusion
Newer P2Y12 antagonists cause more rapid
and potent platelet inhibition than clopidogrel
leading to decreased incidence of ischemic
events and stent thrombosis. However, risk of
bleeding is significantly increased. The evidence
of hemorrhage in patients treated with prasugrel
or ticagrelor in dental surgery is limited. Prolong
bleeding might be found in dental surgery
without clinical significance. Local hemostatic
measures are sufficient to stop bleeding. From
the existing evidence, there is no indication to
stop anti-platelet therapy before invasive dental
procedure. The risk of thromboembolism is
outweighed bleeding risk from dental surgery.
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Competing interests: none
Ethical approval: No requirement

References

1. Davi G, Patrono C. Platelet activation and
atherothrombosis. N Engl J Med 2007; 357:
2482-94.
2. Angiolillo DJ, Ueno M, Goto S. Basic principles
of platelet biology and clinical implications. Circ J
2010; 74: 597-607.
3. Ferreiro JL, Angiolillo DJ. New directions in
antiplatelet therapy. Circ Cardiovasc Interv 2012;
5: 433-45.
4. Reaume KT, Regal RE, Dorsch MP. Indications
for dual antiplatelet therapy with aspirin and
72

8. Hongo RH, Ley J, Dick SE, Yee RR. The effect of
clopidogrel in combination with aspirin when given
before coronary artery bypass grafting. J Am Coll
Cardiol 2002; 40: 231-7.
9. Murugappa S, Kunapuli SP. The role of ADP
receptors in platelet function. Front Biosci 2006;
11: 1977-86.
10. Oury C, Toth-Zsamboki E, Thys C, et al. The
ATP-gated P2X1 ion channel acts as a positive
regulator of platelet responses to collagen. Thromb
Haemost 2001; 86: 1264-71.
11. Jantzen HM, Gousset L, Bhaskar V, et al. Evidence
for two distinct G-protein-coupled ADP receptors
mediating platelet activation. Thromb Haemost
1999; 81: 111-7.
12. Offermanns S. Activation of platelet function
through G protein-coupled receptors. Circ Res
2006; 99: 1293-304.
13. van der Meijden PE, Feijge MA, Giesen PL, et
al. Platelet P2Y12 receptors enhance signalling
towards procoagulant activity and thrombin
generation. A study with healthy subjects and
patients at thrombotic risk. Thromb Haemost
2005; 93: 1128-36.
14. Abbracchio MP, Burnstock G, Boeynaems JM, et
al. International Union of Pharmacology LVIII: update
on the P2Y G protein-coupled nucleotide receptors:
from molecular mechanisms and pathophysiology
to therapy. Pharmacol Rev 2006; 58: 281-341.
15. Gachet C. P2Y(12) receptors in platelets and
other hematopoietic and non-hematopoietic cells.
Purinergic Signal 2012; 8: 609-19.
16. Bernlochner I, Sibbing D. Thienopyridines and other
ADP-receptor antagonists. Handb Exp Pharmacol
2012: 165-98.
17. Sangkuhl K, Klein TE, Altman RB. Clopidogrel

Current and novel P2Y12 ADP receptor antagonists and bleeding risk in dental surgery
Sirada Srihirun, Nathawut Sibmooh

M Dent J Volume 36 Number 1 January-April 2016

pathway. Pharmacogenet Genomics 2010; 20:
463-5.
18. Bauer T, Bouman HJ, van Werkum JW, et al.
Impact of CYP2C19 variant genotypes on clinical
efficacy of antiplatelet treatment with clopidogrel:
systematic review and meta-analysis. BMJ 2011;
343: d4588.
19. Jakubowski JA, Winters KJ, Naganuma H,
Wallentin L. Prasugrel: a novel thienopyridine
antiplatelet agent. A review of preclinical and
clinical studies and the mechanistic basis for its
distinct antiplatelet profile. Cardiovasc Drug Rev
2007; 25: 357-74.
20. Sugidachi A, Ogawa T, Kurihara A, et al. The
greater in vivo antiplatelet effects of prasugrel
as compared to clopidogrel reflect more efficient
generation of its active metabolite with similar
antiplatelet activity to that of clopidogrel's active
metabolite. J Thromb Haemost 2007; 5: 154551.
21. Cattaneo M. New P2Y(12) inhibitors. Circulation
2010; 121: 171-9.
22. Wiviott SD, Braunwald E, McCabe CH, et al.
Prasugrel versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2007; 357:
2001-15.
23. Wiviott SD, Braunwald E, McCabe CH, et al.
Intensive oral antiplatelet therapy for reduction of
ischaemic events including stent thrombosis in
patients with acute coronary syndromes treated
with percutaneous coronary intervention and
stenting in the TRITON-TIMI 38 trial: a subanalysis
of a randomised trial. Lancet 2008; 371: 135363.
24. Morrow DA, Wiviott SD, White HD, et al. Effect
of the novel thienopyridine prasugrel compared
with clopidogrel on spontaneous and procedural
myocardial infarction in the Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing
Platelet Inhibition with Prasugrel-Thrombolysis in
Myocardial Infarction 38: an application of the
classification system from the universal definition
of myocardial infarction. Circulation 2009; 119:
2758-64.
25. van Giezen JJ, Humphries RG. Preclinical and
clinical studies with selective reversible direct
P2Y12 antagonists. Semin Thromb Hemost
2005; 31: 195-204.
26. JJ VANG, Nilsson L, Berntsson P, et al. Ticagrelor

binds to human P2Y(12) independently from ADP
but antagonizes ADP-induced receptor signaling
and platelet aggregation. J Thromb Haemost
2009; 7: 1556-65.
27. Teng R, Oliver S, Hayes MA, Butler K. Absorption,
distribution, metabolism, and excretion of ticagrelor
in healthy subjects. Drug Metab Dispos 2010;
38: 1514-21.
28. Husted S, Emanuelsson H, Heptinstall S, et al.
Pharmacodynamics, pharmacokinetics, and safety
of the oral reversible P2Y12 antagonist AZD6140
with aspirin in patients with atherosclerosis: a
double-blind comparison to clopidogrel with aspirin.
Eur Heart J 2006; 27: 1038-47.
29. Gurbel PA, Bliden KP, Butler K, et al. Randomized
double-blind assessment of the ONSET and
OFFSET of the antiplatelet effects of ticagrelor
versus clopidogrel in patients with stable coronary
artery disease: the ONSET/OFFSET study.
Circulation 2009; 120: 2577-85.
30. Alexopoulos D, Galati A, Xanthopoulou I, et al.
Ticagrelor versus prasugrel in acute coronary
syndrome patients with high on-clopidogrel
platelet reactivity following percutaneous coronary
intervention: a pharmacodynamic study. J Am Coll
Cardiol 2012; 60: 193-9.
31. Marcus AJ, Broekman MJ, Drosopoulos JH, et
al. The endothelial cell ecto-ADPase responsible
for inhibition of platelet function is CD39. J Clin
Invest 1997; 99: 1351-60.
32. Bhatt DL, Stone GW, Mahaffey KW, et al. Effect
of platelet inhibition with cangrelor during PCI on
ischemic events. N Engl J Med 2013; 368: 130313.
33. Angiolillo DJ, Firstenberg MS, Price MJ, et al.
Bridging antiplatelet therapy with cangrelor in
patients undergoing cardiac surgery: a randomized
controlled trial. JAMA 2012; 307: 265-74.
34. Dovlatova NL, Jakubowski JA, Sugidachi A,
Heptinstall S. The reversible P2Y antagonist
cangrelor influences the ability of the active
metabolites of clopidogrel and prasugrel to produce
irreversible inhibition of platelet function. J Thromb
Haemost 2008; 6: 1153-9.
35. Payne CD, Li YG, Small DS, et al. Increased active
metabolite formation explains the greater platelet
inhibition with prasugrel compared to high-dose
clopidogrel. J Cardiovasc Pharmacol 2007; 50:
555-62.

Current and novel P2Y12 ADP receptor antagonists and bleeding risk in dental surgery

Sirada Srihirun, Nathawut Sibmooh

73

M Dent J Volume 36 Number 1 January-April 2016

36. Ferreiro JL, Ueno M, Angiolillo DJ. Cangrelor: a
review on its mechanism of action and clinical
development. Expert Rev Cardiovasc Ther 2009;
7: 1195-201.
37. Jneid H, Anderson JL, Wright RS, et al. 2012
ACCF/AHA focused update of the guideline for
the management of patients with unstable angina/
non-ST-elevation myocardial infarction (updating
the 2007 guideline and replacing the 2011 focused
update): a report of the American College of
Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. J Am Coll
Cardiol 2012; 60: 645-81.
38. Yusuf S, Zhao F, Mehta SR, et al. Effects of
clopidogrel in addition to aspirin in patients with
acute coronary syndromes without ST-segment
elevation. N Engl J Med 2001; 345: 494-502.
39. Berger PB, Bhatt DL, Fuster V, et al. Bleeding
complications with dual antiplatelet therapy among
patients with stable vascular disease or risk
factors for vascular disease: results from the
Clopidogrel for High Atherothrombotic Risk and
Ischemic Stabilization, Management, and Avoidance
(CHARISMA) trial. Circulation 2010; 121: 257583.
40. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor
versus clopidogrel in patients with acute coronary
syndromes. N Engl J Med 2009; 361: 1045-57.
41. Held C, Asenblad N, Bassand JP, et al. Ticagrelor
versus clopidogrel in patients with acute coronary
syndromes undergoing coronary artery bypass
surgery: results from the PLATO (Platelet Inhibition
and Patient Outcomes) trial. J Am Coll Cardiol
2011; 57: 672-84.
42. Kang HJ, Clare RM, Gao R, et al. Ticagrelor versus
clopidogrel in Asian patients with acute coronary
syndrome: A retrospective analysis from the
Platelet Inhibition and Patient Outcomes (PLATO)
Trial. Am Heart J 2015; 169: 899-905 e1.
43. Sharma AK, Ajani AE, Hamwi SM, et al. Major
noncardiac surgery following coronary stenting:
when is it safe to operate? Catheter Cardiovasc
Interv 2004; 63: 141-5.
44. Burger W, Chemnitius JM, Kneissl GD, Rucker
G. Low-dose aspirin for secondary cardiovascular
prevention - cardiovascular risks after its
perioperative withdrawal versus bleeding risks
with its continuation - review and meta-analysis.
J Intern Med 2005; 257: 399-414.
74

45. Payne DA, Hayes PD, Jones CI, et al. Combined
therapy with clopidogrel and aspirin significantly
increases the bleeding time through a synergistic
antiplatelet action. J Vasc Surg 2002; 35:
1204-9.
46. Bajkin BV, Urosevic IM, Stankov KM, Petrovic BB,
Bajkin IA. Dental extractions and risk of bleeding
in patients taking single and dual antiplatelet
treatment. Br J Oral Maxillofac Surg 2015; 53:
39-43.
47. Lillis T, Ziakas A, Koskinas K, Tsirlis A, Giannoglou
G. Safety of dental extractions during uninterrupted
single or dual antiplatelet treatment. Am J Cardiol
2011; 108: 964-7.
48. Olmos-Carrasco O, Pastor-Ramos V, EspinillaBlanco R, et al. Hemorrhagic complications of
dental extractions in 181 patients undergoing
double antiplatelet therapy. J Oral Maxillofac
Surg 2015; 73: 203-10.
49. Morimoto Y, Niwa H, Minematsu K. Hemostatic
management for periodontal treatments in patients
on oral antithrombotic therapy: a retrospective
study. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2009; 108: 889-96.
50. Elad S, Chackartchi T, Shapira L, Findler M. A
critically severe gingival bleeding following nonsurgical periodontal treatment in patients medicated
with anti-platelet. J Clin Periodontol 2008; 35:
342-5.
51. Dezsi BB, Koritsanszky L, Braunitzer G, Hangyasi
DB, Dezsi CA. Prasugrel Versus Clopidogrel: A
Comparative Examination of Local Bleeding After
Dental Extraction in Patients Receiving Dual
Antiplatelet Therapy. J Oral Maxillofac Surg
2015; 73: 1894-900.
52. Grines CL, Bonow RO, Casey DE, Jr., et al.
Prevention of premature discontinuation of dual
antiplatelet therapy in patients with coronary artery
stents: a science advisory from the American
Heart Association, American College of Cardiology,
Society for Cardiovascular Angiography and
Interventions, American College of Surgeons, and
American Dental Association, with representation
from the American College of Physicians.
Circulation 2007; 115: 813-8.
53. Abualsaud AO, Eisenberg MJ. Perioperative
management of patients with drug-eluting stents.
JACC Cardiovasc Interv 2010; 3: 131-42.

Current and novel P2Y12 ADP receptor antagonists and bleeding risk in dental surgery
Sirada Srihirun, Nathawut Sibmooh

