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D

espite preventive measures and improved long-term prognosis, the
prevalence of cardiovascular diseases in the majority of the industrialised
countries is still high. The epidemic of obesity, diabetes, and metabolic syndrome, and
the increasing age of the population are the
major contributors to this epidemiological
fact, whose socio-economic consequences
are of profound importance.1-4 Over 200,000
people in the US experience recurrent stroke annually, representing 29% of the total
annual number of strokes. 5 Considering
that the annual cost of strokes reaches $55.8
billion, recurrent attacks may incur costs of
$16 billion each year.1 In the Greek population, the overall incidence of first stroke
reaches 343.6/100,000, ranging from 7.3 to
2661.1/100,000 depending on age and sex.
The 1-year mortality is 35.9% in men and
41.8% in women.6 Apparently, the incidence of stroke in our population is relatively
high—possibly because of elevated salt intake and the high prevalence of hypertension.
Atherothrombotic episodes are associated with progression of the atheromatous
disease and the influence of haemodynamic
factors. The contribution of a hypercoagulable state is important. Platelets have a
central role in the development of arterial
thrombosis and subsequent cardiovascular

events. This realisation has made antiplatelet therapy the cornerstone of atherosclerotic disease management. 7,8 Numerous
guidelines and recommendations have documented the cardinal role of aspirin administration in the primary and secondary prevention of myocardial ischaemia.1 All patients with acute coronary syndromes should
receive antiplatelet medication, both during
and after the acute episode, with at least
one agent. Aspirin remains the first choice
and should be combined with clopidogrel,
which can substitute for aspirin in case the
latter is contraindicated.9-11 For thromboprophylaxis in patients with atrial fibrillation aspirin is an acceptable alternative in
cases where anticoagulants are contraindicated or in patients at low risk for stroke.12,13
Prevention of stroke
Acetylsalicylic acid 50-325 mg/day or 50 mg
plus dipyridamole 200 mg twice daily are
considered first-line treatment for preventing recurrent stroke in patients with a previous non-cardioembolic cerebrovascular
event. Alternatively, clopidogrel alone can
be used. In the 2008 guidelines for stroke
management from the European Stroke
Organization, triflusal was for the first time
recommended as lone therapy, as an alternative to the above-mentioned medica(Hellenic Journal of Cardiology) HJC ñ 199
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tions for secondary prevention of atherothrombotic
stroke. This recommendation was based on the doubleblind, randomised TACIP and TAPIRSS trials, which
found triflusal to be equally as effective as aspirin in
preventing post-stroke vascular events, while having a
more favourable safety profile.14-16
In the early postoperative period following valve replacement with a bioprosthesis, anticoagulation with
heparin and subsequently vitamin K antagonists or aspirin is endorsed, depending on the valve replaced.
Among surgical centres remarkable variety is observed
regarding the antithrombotic medication. Small clinical
trials suggest that antiplatelet therapy with ticlopidine
or triflusal is a promising alternative to warfarin for the
primary prevention of thromboembolism in this clinical
setting.17-19

impressive clinical outcomes for the post-surgical prophylaxis of venous thrombosis. In animal models melagatran has been proven effective in preventing thrombus formation in mechanical valves.30 Anti-factor Xa rivaroxaban and otamixaban are potent antithrombotic
factors, comparable to enoxaparin and unfractionated
heparin in the prevention of venous thromboembolism after major orthopaedic surgery and in percutaneous coronary interventions, respectively.31,32 However, safety concerns related to liver enzyme elevations
and thrombosis rebound have been reported with their
use.33 Newly studied antiplatelet agents, such as prasugrel, present a significant reduction in ischaemic events
compared to clopidogrel in acute coronary syndromes,
but at the cost of a significant increase in major bleeding.34

Problems related to treatment with aspirin

Triflusal

Despite the well established effective clinical functions
and the universal acceptance aspirin enjoys, its administration in various settings, such as in the geriatric population, is frequently problematic because of an increased risk of bleeding complications, especially in the
presence of other comorbidities and concomitant use of
other drugs. Gastrointestinal bleeding is a widely recognised consequence associated with acetylsalicylic use; it
is dose related and potentially severe.20,21 Even low dosage administration in individuals over 60 years of age
can be blamed for almost 1/3 of all severe episodes of
gastrointestinal haemorrhage. Aspirin also exhibits frequent adverse effects in patients with asthma, chronic
sinusitis and nasal polyps.22 Furthermore, its therapeutic action, like that of clopidogrel, is reduced in a significant part of the population that may reach 15%,23 as a
result of genetically controlled mechanisms of resistance.24-27 Certain controversy exists regarding its use in
cases of G-6PD deficiency, although the frequency of
haemolytic complications is low, and its administration
seems safe, especially in low doses.28,29
In other words, it has become evident that the use
of antithrombotic drugs is far from optimised, mostly
because of difficulty in their use and adverse effects.
Therefore, the introduction of new agents with sufficient effectiveness, fewer cases of drug resistance, and
with a reduced potential for treatment-related bleeding or airway over-responsiveness would represent a
useful addition to the therapeutic options available at
this time.
Both the anti-factor Xa and antithrombin agents
have been developed for oral use and have provided

Triflusal represents a challenging and promising alternative to aspirin. It is chemically related to acetylsalicylic acid and inhibits cycloxygenase-1 in platelets,
but seems to leave intact the arachidonic acid metabolic pathway in endothelial cells. It also favours the
production of NO and increases the concentration of
cyclic nucleotides. Thanks to this multiplicity of actions, this drug presents comparable antiplatelet activity to aspirin while presenting a more favourable
safety profile.35
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Chemical properties and pharmacokinetics of triflusal
Triflusal, or 2-acetyloxy-4-trifluoromethyl benzoic acid,
is structurally related to acetylsalicylic acid, although its
chemical synthesis is different, having a trifluoromethyl
group in position 4 (Figure 1). It is produced as white
crystals with a melting point of 110ÆC.36 The drug is administered orally. It is absorbed in the small intestine
and its bioavailability ranges from 83% to 100%.37,38 It
binds to plasma proteins almost entirely (99%) and
crosses organic barriers readily. During passage through
the liver it is deacetylated, forming its main metabolite
2-OH-4-trifluoromethyl benzoic acid (HTB). The halflife of triflusal in healthy humans is 0.5 ± 0.1 h, while
that of HTB is 34.3 ± 5.3 h. Elimination is primarily renal. Unchanged triflusal, HTB and HTB glycine conjugate have been identified in the urine. Renal clearance
is 0.8 ± 0.2 L/h and 0.18 ± 0.04 L/h for triflusal and
HTB, respectively. Steady state for HTB is reached after 8-10 days of treatment.39,40
The concentration of HTB in the cerebrospinal
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Figure 1. Chemical structure of triflusal and its metabolite 2-hydroxy-4-trifluoro-methyl-benzoic acid.

fluid ranges from 0.011-0.341 Ìg/ml, which is reported
to be within a range that may, according to in vitro data from a study in human neuroblastoma cells, have a
protective effect in Alzheimer’s disease.41 The pharmacokinetic profiles of triflusal or HTB do not appear to have clinically significant differences in elderly or younger volunteers.35,40 No plasma accumulation
of the parent compound was noticed in volunteers >80
years old who received triflusal 300 mg × 2/day for 13
days.42 Although values for t1/2 were greater in elderly
compared to younger individuals (triflusal 0.92 h vs.
0.53 h, HTB 64.6 h vs. 34.3 h) such differences were
not considered to be clinically significant or to necessitate dosage adjustments in aged people. Conventional haemodialysis is reported to have no major influence on plasma HTB concentrations.35
As mentioned above, at therapeutic concentrations 98-99% of HTB is bound to plasma proteins.
This binding is not significantly influenced by theophylline, enalapril, caffeine or warfarin, but the free
fraction of this compound is increased by non-steroidal anti-inflammatory drugs (diclofenac, ibuprofen,
piroxicam, naproxen). Furthermore HTB may, in high
concentrations, impair protein binding of non-steroidal anti-inflammatory drugs, glisentide or warfarin35 and therefore may increase their free fractions
and require dosage reductions.
In contrast to other inhibitors of prostaglandin
synthesis, such as non-steroidal anti-inflammatory
drugs or aspirin, triflusal, probably because of its multiple mechanisms of action, seems to interfere to a
lesser degree with the effectiveness of antihypertensive medication. Data from the TACIP study suggest
that the need for antihypertensive therapy was signifi-

cantly less in triflusal than in aspirin recipients.43,44 In
the specific case of angiotensin-converting enzyme
inhibitors, an analysis of the TIM study reported that
concurrent administration of aspirin, but not triflusal,
may impede their antihypertensive action and potentially affect patient survival. 45 Notably, the recommended dosage in adults is 600-900 mg/day, administered as a single dose of 600 mg or in two or three doses
of 300 mg, preferably during or after meals.
Mechanism of action
Triflusal inhibits platelet aggregation and interaction
with subendothelium. Its effect has been documented
in experimental animals and in humans in in vitro and
ex vivo studies and in in vivo models of thrombogenesis
in animals.46-48 The drug irreversibly inhibits cyclooxygenase-1 (COX-1) and reduces thromboxane B2
(TXB2) production, but to a lesser degree compared to
aspirin, and its action declines within 30 days from withdrawal.49 The reduction in serum 6-keto prostaglandin
F1 levels was negligible with triflusal (8.8% vs. 97.8%
with aspirin), suggesting that this compound inhibits
COX-1 and arachidonic acid metabolism selectively in
platelets, sparing the metabolic function of vascular endothelial cells. The main metabolite, HTB, is pharmacologically active; triflusal is more potent in inhibiting
COX-1 and reducing TXB2 than HTB but is less potent than aspirin. However, HTB potentiates triflusal’s
effect on COX-1 inhibition, whereas aspirin’s metabolite, salicylic acid, competes with the parent compound
for its binding to COX.48
In vitro, triflusal inhibits platelet aggregation with a
significantly smaller IC50 when tested in whole blood
(Hellenic Journal of Cardiology) HJC ñ 201
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compared to platelet rich plasma. This fact suggests
that red blood cells may somehow enhance the drug’s
anti-aggregant properties. In studies regarding the
platelet-endothelium interactions, where blood from
volunteers receiving triflusal or aspirin circulates in
contact with rabbit aorta subendothelium, triflusal reduced platelet coverage by 92% (aspirin: 62%). The
arterial area occupied by aggregates was reduced by
89% (aspirin 75%). The surface occupied by adhesions (platelets spread and firmly bound onto the
subendothelium forming layers <5 Ìm, a function dependent on decreased levels of cyclic adenosine monophosphate, cAMP) was reduced by 25% (aspirin
3%).40
Moreover, triflusal, via stimulation of the constitutive activity of NO synthase (cNOS), enhances the production of NO by neutrophils by 150%, whereas aspirin
does so by 60%. It also increases levels of cyclic guanosine monophosphate and inhibits cAMP phosphodiesterase, leading to a rise in cAMP levels and thus a decrease in calcium mobilisation and subsequent platelet
aggregation.40
Ex vivo, in rat brain slices triflusal was more potent than acetylsalicylic acid in reducing anoxia-reperfusion related cell death (21-47% vs. 0-26%) and other indices of cerebral oxidative stress (25-30% vs. 024% decrease in inducible nitric oxide synthase [iNOS]
activity, 30-40% vs. 0-35% decrease in lipid peroxidation).50 In vitro, in human mononuclear cells, it reduced the activation of NF-kB which is a gene expression regulatory factor participating among other things
in the control of transcription of cytokine and COX-2
genes. Triflusal also inhibits vascular cell adhesion
molecule-1 mRNA expression51,52 as well as the production of various cytokines, such as interferon-Á, interleukins IL-2, IL-3 and IL-8, and tumour necrosis
factor-alpha (TNF-·).53
In vivo animal models studies have established
the antiplatelet action of triflusal. Brain ischaemia in
rats—induced by intracarotid injection of arachidonic
acid, which causes the formation of multiple small
thrombi—is significantly reduced after the chronic
administration of triflusal (60% protection compared
to 27% with equivalent dose of aspirin).54 Similar results are obtained when brain ischaemia is provoked
by occlusion of the middle cerebral artery or electrical stimulation of the carotid artery.55,56
In humans, triflusal has been found more effective than acetylsalicylic acid in platelet aggregation inhibition, using electrical impedance aggregometry in
whole blood. However, in a comparative study in
202 ñ HJC (Hellenic Journal of Cardiology)

healthy volunteers, bleeding time was not significantly
different from baseline after 3-7 days of 600-900
mg/day triflusal administration.57
Apart from its antithrombotic effect, triflusal is
thought to reduce the damage caused to the nervous
system by various insults, such as ischaemic or cytotoxic, acting directly on this specific tissue. Given in
a dosage of 30 mg/kg it reduced brain lesions provoked by N-CH3-D aspartate (NMDA) injection,58,59
while in doses of 1, 10 and 50 mg/kg it showed a neuroprotective action against anoxia-reperfusion damage in rat brain slices. In this setting it diminished
LDH activity by 21%, 42% and 47%, respectively. 60
Acetylsalicylic acid exhibited a dose-dependent but
quantitatively more limited effect. Similar differences
between the two drugs were observed regarding their
influence on the biochemical pathways of brain damage (oxidative stress, prostaglandin accumulation,
NO pathways).60 Several sites of action in the nervous tissue, which are interrelated via biochemical
pathways with well established involvement in neuronal damage, have been proposed to account for the
neuroprotective properties of this drug. Triflusal inhibits the excess lipid peroxidation resulting from
anoxia-reoxygenation. HTB, on the other hand, enhances the endogenous glutathione antioxidant system in addition to inhibiting lipid peroxidation. 50
Triflusal’s various actions are summarised and depicted in Figure 2.
Both the parent compound and the active metabolite not only decrease the prostaglandin synthesis and accumulation observed in ischaemic brain tissue as a result of anoxia-reoxygenation,60 but they also interfere with the NO pathway. Excess production
of NO leads to formation of peroxynitrites, which are
highly reactive radicals and extremely toxic for the
neuronal cells. These drugs substantially reduce the
availability of free radicals, as a result of their antioxidant potential, and also decrease the activity of iNOS
more powerfully than does acetylsalicylic acid. As a
result, they limit the excessive synthesis of NO by the
ischaemic neuronal tissue. Finally, as they also inhibit the inducible COX pathway (COX-2), they hinder
the expression of numerous inflammatory mediators,
such as IL-1‚ and TNF-·, as evident in models of
NMDA neurotoxicity. 58 This effect appears to be
mediated by a reduction of NF-kB synthesis and desensitisation of neurons to its action. 50,52,59,61 This
mechanism has been proposed to underlie triflusal’s
neuroprotective properties in an experimental model of neurodegenerative diseases.62
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Figure 2. Antithrombotic and neuroprotective properties of triflusal.

Clinical trials
Several studies have been designed and conducted to
evaluate the clinical efficacy and safety of novel antiplatelet medication in different clinical settings. The
TIM study was undertaken to determine whether triflusal provides an efficacy advantage over aspirin in the
prevention of vascular complications following acute
myocardial infarction (AMI) and to qualify the relative
safety benefit of the two drugs. It was a double blinded,
randomised sequential parallel group study carried out
at 29 centres in Spain, Portugal and Italy, in which 2275
patients with established AMI were randomised to receive either triflusal 600 mg/day or aspirin 300 mg/day
for 35 days starting within the first 24 h after the onset
of symptoms. The primary endpoint was a composite of
death or non-fatal MI or non-fatal cerebrovascular
event within 35 days. Secondary endpoints were defined
individually as the incidence of death, non-fatal re-infarction, non-fatal cerebrovascular event, or urgent
revascularisation procedure in the same period. Drug

tolerability and safety, with particular regard to bleeding episodes, were also assessed.63 There were no significant differences between treatments in the primary
endpoints, the risk of death, non-fatal MI or revascularisation procedures. The risk of non-fatal cerebrovascular events was significantly lower with triflusal (63% less
compared to aspirin). As far as adverse effects are concerned, the most frequently affected system was the
gastrointestinal tract and the central and peripheral
nervous system, with a similar incidence in both treatment groups. However, triflusal was associated with a
lower incidence of central nervous system bleeding
(p=0.033) and with a non-significant trend towards
less frequent bleeding in all organs (p=0.09).63
The TACIP study, a randomised, double blinded
multi-centre trial, enrolled 2113 patients over 40 years
of age with transient ischaemic attacks (TIA) or nondisabling stroke of neither haemorrhagic nor cardioembolic nature in the past 6 months. They were randomised to receive triflusal 600 mg/day or aspirin 325
mg/day for no less than 1 year and up to 3 years. Prima(Hellenic Journal of Cardiology) HJC ñ 203
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ry endpoints included vascular death, non-fatal ischaemic stroke or non-fatal MI. Secondary events were
the occurrence of these events separately, as well as
overall mortality, non-vascular death, non-fatal or any
ischaemic stroke, non-fatal or any MI, any cerebral
haemorrhage, and major systemic haemorrhage (requiring blood transfusion or hospital admission). No
significant differences were noted with regard to the
primary or secondary endpoints, except for the incidence of bleeding episodes: 2.9% of aspirin and 1.2%
of triflusal recipients reported at least one major systemic haemorrhage, while 4% in the aspirin group and
1.9% in the triflusal group suffered cerebral or major
systemic haemorrhagic episodes. Patients treated with
aspirin showed a significantly higher overall incidence
of bleeding adverse events (25% vs. 15.2%).14 Notably,
the 95% confidence intervals calculated for the relative
effect of triflusal compared to aspirin were wide and
thus the study would not show a superior efficacy of any
treatment option; instead it documents that a substantial difference is unlikely.14
The TAPIRSS study was a multi-centre, double
blinded, randomised, parallel group pilot clinical trial
to develop data sufficient to conduct a larger trial in
Latin America. Four hundred and thirty-one patients
were recruited in 19 centres in Argentina among individuals 40 or more years old with TIA or established
non-disabling cerebral infarction, non-haemorrhagic
and non-cardioembolic, in the previous 6 months. The
patients were randomly assigned to receive triflusal 600
mg/day or aspirin 325 mg/day for a mean of 586 days.
Primary endpoints included vascular death, non-fatal ischaemic stroke, non-fatal MI or major bleeding; secondary outcome events were the occurrence of each of
the above separately, as well as minor bleeding, nonvascular death or systemic thromboembolism. Follow
up extended from 1 to 2 years. No significant differences were observed in terms of either primary or
secondary endpoints; although in the triflusal group
there were significantly more non-lacunar/large vessel
infarcts, which are associated with a higher incidence
of recurrence that reaches 9% annual risk compared
to 6.1% for lacunar defects. However, the triflusal
treated patients showed a favourable trend in bleeding events, with 0.5% major and 2.3% minor haemorrhages in comparison to 3.2% and 6%, respectively, in
the aspirin group. In a post hoc analysis, all bleeding
episodes were significantly more frequent in aspirintreated subjects, the gastrointestinal tract being the
dominant affected system.15
In primary prevention, triflusal’s usefulness has
204 ñ HJC (Hellenic Journal of Cardiology)

been evaluated in preventing embolism in cases of
atrial fibrillation (AF). The NASPEAF study compared the efficacy of triflusal 600 mg/day alone, in
combination with acenocoumarol (INR 1.25-2.4), or
acenocoumarol alone (INR 2-3), in patients with
chronic or paroxysmal AF. Individuals at high risk of
stroke (non-valvular AF with antecedents of embolism, mitral stenosis) received acenocoumarol or the
combination of the two drugs. The primary endpoint
was a composite of vascular death, TIA, non-fatal
stroke, or systemic embolism. In the intermediate risk
group the incidence of the primary endpoint was significantly lower with the combined therapy than with
triflusal or acenocoumarol alone (0.92% vs. 3.8% vs.
2.7%, respectively). In the group of high-risk patients
the combination was again more effective, showing a
2.44% incidence of the primary endpoint, compared
to 4.7% in the acenocoumarol alone arm.64 Another
study comparing triflusal (600 mg/day) with acenocoumarol (INR 2-3) over an endpoint including thromboembolism, severe haemorrhage, or death related to
vascular disease, in subjects undergoing aortic or mitral valve replacement with bioprostheses, failed to
document any significant differences after a follow up
of 30 days.17
In individuals undergoing coronary artery bypass
grafting, 9 days’ postoperative angiographic evaluation showed no significant difference in the rate of
vein graft occlusion between aspirin 50 mg and triflusal 300 mg, both administered in combination with
dipyridamole 75 mg three times a day. Nevertheless,
re-evaluation after 6 months disclosed that the combination incorporating triflusal was superior in terms
of maintaining vein graft patency.65
In a prospective, randomised, double-blind study
with 459 patients operated on for a hip fracture and
receiving unfractionated heparin, triflusal 300 mg and
aspirin 200 mg thrice daily appeared equally affective
in preventing deep vein thrombosis (DVT) or pulmonary embolism. Similar results regarding DVT incidence were obtained from another small randomised, double-blind trial enrolling 99 patients who
received 250 mg of aspirin or 300 mg of triflusal 3
times a day after hip surgery.66,67
Adverse reactions/tolerability
Traditionally, antiplatelet drugs have been associated
with an increased risk of bleeding complications.
Aspirin increases the risk of severe extracranial haemorrhage by approximately 50%.68,69 This is equivalent to
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1-2 severe bleeding episodes per 1000 patients per year
and 1-2 haemorrhagic strokes per 10,000 patients per
year.70
The clinical trials evaluating triflusal’s efficacy and
safety showed that the rates of withdrawal and the incidence of side effects did not differ significantly between
study groups, but the severity of the adverse events deserves further discussion. Major systemic haemorrhages
were significantly lower with triflusal administration
compared to aspirin.14,15,63 This reduction was also evident in individuals receiving fibrinolytic therapy.63 As
expected, triflusal appears safer with regard to haemorrhagic events compared to acenocoumarol (INR 2-3) or
the combination of the two (INR 1.25-2.4).64 A metaanalysis by Costa et al71 revealed that, although the frequency of non-haemorrhagic complications (abdominal
pain, dyspepsia, peptic ulcer) was significantly higher in
patients treated with triflusal, the incidence of haemorrhagic complications (fatal or non-fatal haemorrhagic
stroke, intracranial or major systemic haemorrhage)
was significantly lower than in aspirin-treated patients.
In terms of gastrointestinal complaints, which were the
most widely reported, dyspepsia was more frequent
among triflusal-receiving participants, while peptic ulcer was reported mainly by aspirin recipients.
Usually, individuals on antiplatelet medication are
also receiving other drugs for concomitant conditions;
these complicate therapy and make the evaluation of
drug interactions necessary, but difficult. Unlike aspirin, triflusal is less likely to interfere with the efficacy
of antihypertensive drugs, especially angiotensin converting enzyme inhibitors, as suggested by data from
the TACIP study.14 However, HTB interacts with the
serum protein binding of other pharmacological agents
(non-steroidal anti-inflammatory drugs, glisentide, warfarin) to the same degree as aspirin, so that precautions
must be taken when triflusal is used in combination
with these substances.72,73
Conclusions
Current clinical practice with regard to antiplatelet
therapy is highly demanding. This is not only a direct
consequence of the high prevalence of cardiovascular
diseases, but it is also a result of the realisation of the
importance of platelet activity in the pathogenesis of
the so-called atherothrombotic procedure. In the
light of evolving, long-awaited new antithrombotic
drugs that will shortly claim a role in everyday clinical
practice, we ought to also take into consideration the
established effectiveness of older drugs. Moreover,

the demographic changes in our population emphasise the need for safer drugs, given that the side effects
of antiplatelet medications are even more prominent in
elderly people, who represent the main candidates for
such treatments. Triflusal is an antiplatelet agent that is
chemically related to aspirin and has similar effectiveness, but appears to have a better tolerability profile.
Empirical data and results from large-scale clinical
trials suggest that its use may be preferable to that of
aspirin, in several clinical settings where antiplatelet
therapy is indicated. In selected populations, such as
in geriatric patients or in cases of aspirin resistance,
triflusal may be a choice worth considering. Furthermore, when combination antiplatelet-fibrinolytic or
antiplatelet-anticoagulant therapy is needed, clinical
data support triflusal use based on its efficacy and better safety than aspirin.
Although more large scale trials comparing antiplatelet drugs in various clinical settings would be
useful in the effort to determine each agent’s particular role in therapeutics, use of triflusal where indicated is an attractive therapeutic option, especially when
safety and cost-effectiveness are prioritised.
Acknowledgements
This work was undertaken and supported by the Hellenic Cardiovascular Research Society:
http://www.cardioresearch.gr
References
1. European guidelines on cardiovascular disease prevention in
clinical practice. Fourth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular
Disease Prevention in Clinical Practice. Eur J Cardiovasc
Prev Rehabil. 2007; 14 (Supp 2): E1-E40.
2. Andrikopoulos G. European perspectives in cardiology. Circulation. 2007; 116: 129-132.
3. Andrikopoulos G, Pipilis A, Goudevenos J, et al. Epidemiological characteristics, management and early outcome of
acute myocardial infarction in Greece. The Hellenic Infarction Observation Study. Hellenic J Cardiol. 2007; 48: 325-334.
4. Vardas PE. European Society of Cardiology guidelines and
health systems affordability in Europe: the scientific, economic & political component. Hellenic J Cardiol. 2007; 48: 389.
5. American Heart Association. Heart Disease and Stroke Statistics—2005 Update. Dallas, Tex: American Heart Association; 2005.
6. Vemmos KN, Bots ML, Tsibouris PK, et al. Stroke incidence
and case fatality in southern Greece: the Arcadia stroke registry. Stroke. 1999; 30: 363-370.
7. Jamieson DG, Parekh A, Ezekowitz MD. Review of antiplatelet therapy in secondary prevention of cerebrovascular
events: a need for direct comparisons between antiplatelet
(Hellenic Journal of Cardiology) HJC ñ 205

H. Anninos et al
agents. J Cardiovasc Pharmacol Therapeut. 2005; 10: 153-161.
8. Manolis AS, Tzeis S, Andrikopoulos G, Koulouris S, Melita
H. Aspirin and clopidogrel: a sweeping combination in cardiology. Curr Med Chem Cardiovasc Hematol Agents. 2005; 3:
203-219.
9. 2007 focused update of the ACC/AHA 2004 guidelines for
the management of patients with ST-elevation myocardial infarction. A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2008; 51: 210-247.
10. Van de Werf F, Bax J, Betriu A, et al. Management of acute
myocardial infarction in patients presenting with persistent STsegment elevation: the Task Force on the Management of STSegment Elevation Acute Myocardial Infarction of the European Society of Cardiology. Eur Heart J. 2008; 29: 2909-2945.
11. ACC/AHA 2007 guidelines for the management of patients
with unstable angina/non-ST-elevation myocardial infarction.
A Report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circulation. 2007;116: e148-e304.
12. ACC/AHA/ESC 2006 guidelines for the management of patients with atrial fibrillation. A report of the American College
of Cardiology/American Heart Association Task Force on practice guidelines and the European Society of Cardiology Committee for Practice Guidelines. Europace. 2006; 8: 651-745.
13. The European Stroke Initiative Executive Committee and
the EUSI Writing Committee. European Stroke Initiative
recommendations for stroke management: update 2003. Cerebrovasc Dis. 2003; 16: 311-337.
14. Matías-Guiu J, Ferro JM, Alvarez J, et al; for the TACIP Investigators. Comparison of triflusal and aspirin for prevention
of vascular events in patients after cerebral infarction. The TACIP study: a randomized, double-blind, multicenter trial.
Stroke. 2003; 34; 840-848.
15. Culebras A, Rotta-Escalante R, Vila J, et al; and the TAPIRSS
investigators. Triflusal vs. aspirin for prevention of cerebral infarction. A randomized stroke study. Neurology. 2004; 62:
1073-1080.
16. Guidelines for management of ischaemic stroke and transient
ischaemic attack 2008. The European Stroke Organization
(ESO) Executive Committee and the ESO Writing Committee. Cerebrovasc Dis. 2008; 25: 457-507.
17. Aramendi JI, Mestres CA, Martinez-Leon J, et al. Triflusal
versus oral anticoagulation for primary prevention of thromboembolism after bioprosthetic valve replacement (trac):
prospective, randomized, cooperative trial. Eur J Cardiothorac Surg. 2005; 27: 854-860.
18. Aramendi JI, Agredo J, Llorente A, et al. Prevention of thromboembolism with ticlopidine shortly after valve repair or replacement with a bioprosthesis. J Heart Valve Dis. 1998; 7: 610614.
19. Colli A, Verhoye JP, Heijmen R, et al; ACTION Registry Investigators. Antithrombotic therapy after bioprosthetic aortic
valve replacement: ACTION Registry survey results. Eur J
Cardiothorac Surg. 2008; 33: 531-536.
20. Lanza FL, Chan FK, Quigley EM; Practice Parameters Committee of the American College of Gastroenterology. Guidelines for prevention of NSAID-related ulcer complications.
Am J Gastroenterol. 2009; 104: 728-738.
21. Cruz-Fernandez JM, Lopez G-Aranda V, Montoya FM, et al.
Managing acute myocardial infarction: clinical implications
of the TIM study. Eur Heart J Suppls. 1999; 1 (Suppl. F):
F12-18.

206 ñ HJC (Hellenic Journal of Cardiology)

22. Fraj J, Valero A, Vives R, et al. Safety of triflusal (antiplatelet drug) in patients with aspirin-exacerbated respiratory diseases. Allergy. 2008; 63: 112-115.
23. Saw J, Madsen EH, Chan S, Maurer-Spurej E. The ELAPSE
(evaluation of long-term clopidogrel antiplatelet and systemic
anti-inflammatory effects) study. J Am Coll Cardiol. 2008; 52:
1826-1833.
24. Acikel S, Yildirir A, Aydinalp A, et al. Incidence of aspirin
resistance and its relationship with cardiovascular risk factors
and graft function in renal transplant recipients. Transplant
Proc. 2008; 40: 3485-3488.
25. Simon DI, Jozic J. Drug-eluting stents and antiplatelet resistance. Am J Cardiol. 2008; 102: 29J-37J.
26. Feher G, Feher A, Pusch G, Lupkovics G, Szapary L, Papp E.
The genetics of antiplatelet drug resistance. Clin Genet. 2009;
75: 1-18.
27. Papathanasiou A, Goudevenos J, Tselepis AD. Resistance to
aspirin and clopidogrel: possible mechanisms, laboratory investigation, and clinical significance. Hellenic J Cardiol. 2007;
48: 352-363.
28. Shalev O. Long-term, low-dose aspirin is safe in glucose-6phosphate dehydrogenase deficiency. DICP. 1991; 25: 10741075.
29. Colonna P. Aspirin and glucose-6-phosphate dehydrogenase
deficiency. Br Med J (Clin Res Ed). 1981: 283: 1189.
30. Thompson JL, Hamner CE, Potter DD, Lewin M, Sundt TM,
Schaff HV. Melagatran for thromboprophylaxis after mechanical valve implantation: results in a heterotopic porcine
model. J Thorac Cardiovasc Surg. 2007; 134: 359-365.
31. Laux V, Perzborn E, Kubitza D, Misselwitz F. Preclinical and
clinical characteristics of rivaroxaban: a novel, oral, direct factor
Xa inhibitor. Semin Thromb Hemost. 2007; 33: 515-523.
32. Cohen M, Bhatt DL, Alexander JH, et al; SEPIA-PCI Trial
Investigators. Randomized, double-blind, dose-ranging study
of otamixaban, a novel, parenteral, short-acting direct factor
Xa inhibitor, in percutaneous coronary intervention: the SEPIA-PCI trial. Circulation. 2007; 115: 2642-2651.
33. Fareed J, Hoppensteadt DA, Fareed D, et al. Survival of heparins, oral anticoagulants, and aspirin after the year 2010.
Semin Thromb Hemost. 2008; 34: 58-73.
34. Mariani M, Mariani G, De Servi S. Efficacy and safety of prasugrel compared with clopidogrel in patients with acute coronary syndromes: results of TRITON-TIMI 38 trials. Expert
Rev Cardiovasc Ther. 2009; 7: 17-23.
35. Murdoch D, Plosker GL. Triflusal: a review of its use in cerebral infarction and myocardial infarction, and as thromboprophylaxis in atrial fibrillation. Drugs. 2006; 66: 671-692.
36. Francia E, Marín A, García-Rafanell J. Triflusal: antithrombotic agent. Drug Future. 1978; 3: 225-228.
37. Ramis J, Mis R, Conte L, Forn J. Rat and human plasma protein binding of the main metabolite of triflusal. Eur J Pharmacol. 1990; 183: 1867-1868.
38. Ramis J, Mis R, Forn J, Torrent J, Gorina E, Jané F. Pharmacokinetics of triflusal and its main metabolite HTB in healthy
subjects following a single oral dose. Eur J Drug Metab Pharmacokinet. 1991; 16: 169-273.
39. González-Correa JA, De La Cruz JP. Triflusal: an antiplatelet drug with a neuroprotective effect? Cardiovasc Drug Rev.
2006; 24: 11-24.
40. McNeely W, Goa KL. Triflusal. Drugs. 1998; 55: 823-833.
41. Valle M, Barbanoj MJ, Donner A, et al. Access of HTB,
main metabolite of triflusal, to cerebrospinal fluid in healthy
volunteers. Eur J Clin Pharmacol. 2005; 61: 103-111.

Old Drugs in Modern Therapeutics: Triflusal
42. Smirne S, Ferini-Strambi L, Cucinotta D, et al. Il triflusal nella prevenzione degli accidenti cerebrovascolari. G Gerontol.
1995; 43: 563-569.
43. Matias-Guiu J, Ferro JM, Alvarez-Sabín J, et al. Comparison
of triflusal and aspirin for prevention of vascular events in patients after cerebral infarction. The TACIP study: a randomized, double-blind, multicenter trial. Stroke. 2003; 34: 840848.
44. Pontes C, Pérez J, Ríos J, et al. Aspirin but not triflusal increased antihypertensive therapy requirements during long term antiplatelet treatment. Pharmacol Toxicol. 2001; 89 Suppl. 1: 79.
45. Garcia-Dorado D, Velasco Rami J, Virgós Lamela A, et al.
Interaction between antiplatelet agents and ACE inhibitors
in patients with acute myocardial infarction. Eur Heart J Suppl. 1999; 1 (Suppl. F): F24-28.
46. Duran X, Sánchez S, Vilahur G, Badimon L. Protective effects of triflusal on secondary thrombus growth and vascular
cyclooxygenase-2. J Thromb Haemost. 2008; 6: 1385-1392.
47. De La Cruz JP, Pavía J, Bellido I, González MC, Sánchez de
la Cuesta F. Platelet antiaggregatory effects of triflusal in human whole blood. Meth Find Exp Clin Pharmacol. 1988; 10:
273-277.
48. De La Cruz JP. Mata JM, Sánchez de la Cuesta F. Triflusal vs
aspirin on the inhibition of human platelet and vascular cyclooxygenase. Gen Pharmacol. 1992; 23: 297-300.
49. Dominguez MJ, Vacas M, Saez Y, et al. Effects of triflusal in
patients with prosthetic heart valves. Clin Ther. 1985; 7: 357360.
50. González-Correa JA, Arrebola MM, Ureña IM, et al. Protective effect of triflusal and its main metabolite HTB in an in
vitro model of anoxia-reoxygenation in rat brain slices: comparison with acetylsalicylic and salicylic acids. Naunyn Schmiedebergs Arch Pharmacol. 2005; 371: 81-88.
51. Fernández de Arriba A, Cavalcanti F, Miralles A, et al. Inhibition of cyclooxygenase-2 expression by 4-trifluoromethyl derivatives of salicylate, triflusal, and its deacetylated metabolite, 2hydroxy-4-trifluoromethylbenzoic acid. Mol Pharmacol. 1999;
55: 753-760.
52. Bayón Y, Alonso A, Sánchez Crespo M. 4-trifluoromethyl derivatives of salicylate, triflusal and its main metabolite 2hydroxy-4-trifluoromethylbenzoic acid, are potent inhibitors of
nuclear factor kappaB activation. Br J Pharmacol. 1999; 126:
1359-1366.
53. Aceves M, Dueñas A, Gómez C, et al. A new pharmacological effect of salicylates: inhibition of NFAT-dependent transcription. J Immunol. 2004; 173: 5721-5729.
54. Gomez L, García-Rafanell J, Forn J. Prospective effect of triflusal and acetylsalicylic acid against arachidonic acid-induced cerebrovascular occlusion in anaesthetized rats. Meth
Find Exp Clin Pharmacol. 1987; 9: 13-17.
55. Heye N, Campos A, Kannuki S, Cervós-Navarro J. Effects
of triflusal and acetylsalicylic acid on microthrombi formation in experimental brain ischemia. Exp Pathol. 1991; 41:
31-36.
56. Heye N, Campos A, Sampaolo S, Cervós-Navarro J. Morphometrical evaluation of triflusal in brain infarction. Acta Neurochim. 1993; 57: 53-55.
57. Albors M, de Castellarnau C, Vila L, et al. Inhibition of thromboxane production and platelet function by triflusal in healthy
volunteers. Revista De Farmacologia Clinica Y Experimental. 1987; 4: 11-16.

58. Acarín L, González B, Castellano B. Decrease of proinflammatory molecules correlates with neuroprotective effect of
the fluorinated salicylate triflusal alter postnatal excitotoxic
damage. Stroke. 2002; 33: 2499-2505.
59. Acarín L, González B, Castellano B. Triflusal posttreatment inhibits glial nuclear factor kB, downregulates the glial response,
and is neuroprotective in an excitotoxic injury in postnatal
brain. Stroke. 2001; 32: 2394-2402.
60. González-Correa JA, Arrebola MM, Ureña MI, et al. Effects of
triflusal on oxidative stress, prostaglandin production and nitric
oxide pathway in a model of anoxia-reoxygenation in rat brain
slices. Brain Res. 2004; 102: 148-155.
61. Hernandez M, Fernández de Arriba A, Merlos M, Fuentes L,
Sánchez Crespo M, Nieto ML. Effect of 4-trifluoromethyl derivatives of salicylate on nuclear factor kB-dependent transcription in human astrocytoma cells. Br J Pharmacol. 2001; 132:
547-555.
62. Whitehead S, Cheng G, Hachinski V, Cechetto DF. Interaction between a rat model of cerebral ischemia and beta-amyloid toxicity. Stroke. 2005; 36: 1782-1789.
63. Cruz-Fernández JM, López-Bescós L, García-Dorado D, et al;
and the Triflusal in Myocardial Infarction (TIM) Investigators.
Randomized comparative trial of triflusal and aspirin following
acute myocardial infarction. Eur Heart J. 2000; 21: 457-465.
64. Pérez-Gómez F, Alegría E, Berjón J, et al; for the NASPEAF
Investigators Comparative effects of antiplatelet, anticoagulant,
or combined therapy in patients with valvular and nonvalvular
atrial fibrillation: a randomized multicenter study. J Am Coll
Cardiol. 2004; 44: 1557-1566.
65. Guiteras P, Altimiras J, Aris A, et al. Prevention of aortocoronary vein-graft attrition with low-dose aspirin and triflusal, both
associated with dipyridamole: a randomized, double-blind,
placebo-controlled trial. Eur Heart J. 1989; 10: 159-167.
66. Putz P, Buyse H, Delvaux D, et al. Triflusal versus acetylsalicylic
acid—a double-blind study for the prophylaxis of deep vein
thrombosis after hip surgery. Acta Chir Belg. 1991; 91: 269-276.
67. Monreal M, Lafoz E, Roca J, et al. Platelet count, antiplatelet therapy and pulmonary embolism—a prospective study in
patients with hip surgery. Thromb Haemostasis. 1995; 73:
380-385.
68. Antithrombotic Trialists’ Collaboration. Collaborative metaanalysis of randomized trials of antiplatelet therapy for prevention of death, myocardial infarction, and stroke in high risk patients. Br Med J. 2002; 324: 71-86.
69. García LA, Hernández-Díaz S, de Abajo FJ. Association between aspirin and upper gastrointestinal complications: systematic review of epidemiological studies. Br J Clin Pharmacol. 2001; 52: 563-571.
70. Patrono C, García LA, Landolfi R, Baigent C. Low dose aspirin for the prevention of atherothrombosis. N Engl J Med.
2005; 353: 2373-2383.
71. Costa J, Ferro JM, Matias-Guiu J, Alvarez-Sabin J, Torres F.
Triflusal for preventing serious vascular events in people at
high risk. Cochrane Database Syst Rev. 2005; 3: CD004296.
72. Mis R, Ramis J, Conte L, Forn J. Binding of a metabolite of
triflusal (HTB) to serum protein in rat and man. Eur J Clin
Pharmacol. 1992; 42: 175-179.
73. Mis R, Ramis J, Conte L, Forn J. In vitro protein binding interaction between a metabolite of triflusal, 2-hydroxy-4-trifluoromethylbenzoic acid and other drugs. J Pharm Pharmacol.
1992; 44: 935-937.

(Hellenic Journal of Cardiology) HJC ñ 207

