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Abstract

Object ives: The purpose of this study is to review the prevalence of aspirin resistance in pat ients 
wit h a high risk of  cardiovascular events,  and secondly,  t o invest igate it s epidemiology and 
mechanism of act ion, and the clinical consequences it  can provoke.
Mat erial  and met hods:  A search was run on PubMed, EMBASE and Reviews Database for English 
or Spanish art icles on aspirin resistance published up to November 2008. Addit ional studies were 
obtained by searching the reference l ist s in the selected art icles for art icles relevant  t o our 
secondary obj ect ives.
Result s: Aspirin resistance is described as affect ing 0% to 57% of the populat ion, and is related 
to a decreased protective effect against strokes and cardiovascular events. Many modiiable and 
unmodif iable fact ors can af fect  t he ef f icacy of  ant iplat elet  drugs.  Possible st rat egies for 
overcoming this decreased ant iaggregant  ef fect  include increasing the aspirin dosage or dual 
therapy with another ant iplatelet  agent . 
Conclusions:  Lack of  response to aspirin decreases it s protect ive ef fects.  However,  lack of  a 
st andard def init ion for aspirin resist ance,  t he absence of  diagnost ic reference methods t o 
ident i f y resist ant  pat ient s,  and t he di f ferent  mechanisms of  act ion involved in plat elet  
aggregat ion cal l  t he cl inical importance of  t his fact  into quest ion.  Addit ional well-designed 
studies are needed t o detect  pat ient s wit h real resist ance in order t o have more ef fect ive 
prevent ion of cardiovascular morbidity and mortality.
© 2009 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Cardiovascular and cerebrovascular diseases are some of 
t he main causes of  morbidit y and mortal it y in developed 
count ries.  Aspirin or acetylsalicyl ic acid (ASA) is t he most  
common ant iplat elet  drug used as a prophylact ic against  
t hromboembol ic event s.  In pat ient s at  a high r isk f or 
cardiovascular disease, t reatment  with ASA has been shown 
to reduce the risk of non-fatal acute myocardial infarct ion 
(AMI), non-fatal st roke or death due to vascular causes.1,2

The ant iaggregant  ef f ect  of  ASA is achieved t hrough 
permanent  inhibit ion of  t he enzymes prost aglandin (PG) 
synt hase or cyclooxygenase (COX). 3 The COX enzyme is 
present  in t wo isoforms:  COX-1,  which is a const i t ut ive 
enzyme present  in most  cel ls,  and COX-2,  which is only 
expressed in response t o i nf l ammat ory st imul i .  The 
i r reversible inhibi t ion of  COX-1 blocks conversion of 
arachidonic acid (AA) to PG, such as PGH2, a precursor of 
thromboxane A2 (TXA2).3 This mediator, together with other 
biological mediators such as adenosine diphosphate (ADP) or 
fibrinogen, acts in a way that  favours a prothrombot ic state. 

ASA is 170 t imes more ef fect ive at  inhibit ing t he COX-1 
enzyme t han COX-2,  and l ow doses (75-300 mg) wi l l 
therefore only inhibit  COX-1 (ant iaggregant  effect ). Although 
ASA has a short  half -l i fe (approximately 30 min),  a single 
daily dose is enough to inhibit  90% of  t he TXA2 product ion 
since it  irreversibly inact ivates the COX-1 enzyme in blood 
platelets and only 10% of the platelets are renewed daily. 

However, cases have been observed in which ant iaggregant  
t reat ment  i s subopt imal ,  l eading t o cer t ain pat ient s 
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Resumen

Obj et ivo: Revisar la prevalencia de resistencia a la aspirina en pacientes de alto riesgo cardio-
vascular y, de forma secundaria, invest igar la epidemiología, los mecanismos de acción de este 
fenómeno y las consecuencias clínicas que se derivan de ello.
Material  y métodos: Se realizó una búsqueda en PubMed, EMBASE y Reviews Database de art ícu-
los publicados en inglés y en español hasta noviembre de 2008 referidos a resistencia a la aspi-
rina. Se hizo también un seguimiento de las referencias para recuperar aquellas consideradas 
relevantes para los obj et ivos secundarios de esta revisión.
Result ados: La resistencia a la aspirina se describe ent re un 0 y un 57%, lo que se t raduce en una 
disminución de la eicacia protectora frente a eventos cerebrovasculares y cardiovasculares. 
Numerosos factores modiicables, así como otros no modiicables, inluyen en la eicacia del 
efecto ant iagregante. Las est rategias por seguir para cont rarrestar esta ant iagregación dismi-
nuida pueden dirigirse a un aumento de dosis de aspirina o a la t erapia dual j unto con ot ros 
agentes ant iplaquetarios.
Conclusiones: La falta de respuesta a la aspirina disminuye su eicacia protectora. Sin embargo, 
la falta de una deinición de resistencia a la aspirina universalmente consensuada y la inexisten-
cia de un método diagnóstico de referencia que identiique con iabilidad a pacientes resisten-
t es,  así como los diferentes mecanismos de acción implicados en la agregación plaquetaria, 
cuest ionan la relevancia clínica de este fenómeno. Son necesarios más estudios clínicos adecua-
damente diseñados para detectar pacientes con verdadera resistencia a la aspirina y así conse-
guir prevenir de manera más eicaz la morbimortalidad cardiovascular.
© 2009 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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suffering cardiovascular events despite proper administ rat ion 
of  ASA. 4 This is cal led “ aspirin resist ance”  or “ fai lure t o 
respond to ASA” . These terms, although lacking a universally 
accept ed def init ion,  can be orient ed f rom t wo dif ferent  
approaches. From a clinical viewpoint , resistance (or failure 
t o respond) t o ASA i s def i ned as t he appearance of 
t hromboembolic cardiovascular events despit e cont inued 
administ rat ion of ASA in therapeut ic doses. However, due to 
the mult i-factor nature of atherothrombot ic processes,5 it  is 
not  correct  to speak only of resistance to ASA in this context . 
As a result ,  t he biochemical def init ion is more general ly 
used.  It  def ines resist ance as t he fai lure of  t herapeut ic 
doses of  ASA to prolong bleeding t ime, which is a primary 
measurement  of  plat elet  funct ion,  or a failure t o reduce 
TXA2 product ion.6

The most  common methods used to measure the degree 
of platelet  inhibit ion are described below7:

• In vivo test :
○  Ur inary t hromboxane B2 concent rat ions:  11-dehidro-

tromboxane B2, the stable metabolite of TXA2, is measured 
in urine as a platelet  act ivat ion marker, and therefore a 
marker of response to ant ithrombot ic drugs. 

○  Bleeding t ime:  measures the length of  a haemorrhage 
result ing from a puncture in the skin. This technique is 
not  commonl y used because i t  i s onl y r ar el y 
reproducible.

•  In vit ro t est :  mult iple laboratory t echniques have been 
developed for measuring platelet  act ivat ion.  However, 
none of  t hose used t oday is considered a ref erence 
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method, since they do not  evaluate platelet  aggregat ion 
as a whol e;  t here are many channel s f or  pl at el et  
act ivat ion. Nevertheless, these methods are much more 
widespread than in-vivo test ing.
○  Opt ical  aggregomet ry:  t his is a spect rophot omet ric 

technique which measures light  t ransmission through a 
plat elet -rich plasma sample.  Aggregat ion is induced 
with a specif ic platelet  agonist  (AA, ADP, epinephrine, 
etc.) depending on the ant iaggregant  drug being tested, 
and considering the dif ferent  act ion mechanisms they 
possess. 

○  Ver i f y Now (RPFA [Ul t egra-Rapid Plat el et  Funct ion 

Assay] ) :  t urbi dimet r i c st udy based on t he same 
principle as the previous method, with t he advantage 
of  being fast er and requir ing a smal ler sample size. 
The result  is expressed in arbit rary unit s of  response to 
the agonist . 

○  PFA-100 (Plat elet  Funct ion Analyzer ):  analyser t hat  
provides an automat ic evaluat ion of platelet  aggregat ion 
caused by high f low velocity and by a mixture of platelet  
act ivators, collagen/ epinephrine or collagen/ ADP, which 
adhere to a capillary membrane. Platelets interact  with 
t he membr ane and occl ude t he aper t ur e.  The 
haemostat ic response is expressed as the t ime needed 
t o obst ruct  t he f low in t he capi l lary int erior,  which 
would be least  to most  platelet  aggregat ion. 

The primary goal of  this narrat ive study is to review the 
pr eval ence of  ASA r esi st ance i n pat i ent s at  hi gh 
cardiovascul ar  r i sk who are being t reat ed wi t h t hi s 
ant i aggr egant  dr ug f or  secondar y pr event i on of 
cardiovascular and cerebrovascular event s.  Secondly,  we 
will describe the possible act ion mechanisms explaining this 
phenomenon,  t he cl inical consequences deriving f rom it ,  
and t he possible st rat egies f or  improving response t o 
ant iplatelet  drugs in these pat ients. 

Material and methods

Informat ion sources: search st rategy.
We performed a literature search in PubMed of all art icles 

published up to November 2008 by entering the keywords 
“ aspirin”  AND “ drug resist ance”  in MESH. We set  our search 
l imi t s f or  publ i cat i ons in Engl i sh and Spanish.  Af t er 
recovering a high number of art icles, we limited the search 
by using t wo di f ferent  st rat egies:  we f i rst  set  l imi t s t o 
“ cl i ni cal  t r i al ” ,  “ met a-anal ysi s” ,  and “ r andomi zed 

cont rol led t rial” ,  after which we set  limits to “ review”  and 
“ pract ice guidel ines” .  In addit ion,  we performed another 
bibliographical search in EMBASE which employed the terms 
“ aspirin”  AND “ drug resist ance”  OR “ disease resist ance”  OR 
“ resist ance blood vessel”  OR “ t herapy resist ance” .

We also reviewed Reviews Database-Cochrane Database 
of  Syst emat ic Reviews,  American Col lege of  Physicians 
Journal Club,  Database of  Abst ract s of  Reviews of  Ef fect s 
and Cochrane Cent ral Register of Cont rolled Trials.

We subsequent ly performed a manual search for art icles 
of interest  listed in the bibliographies of art icles which had 
already been selected.

From the result ing art icles,  we excluded those that  did 
not  meet  the following inclusion criteria:

•  Pat ient s ol der  t han 18 being t reat ed wi t h ASA f or 
secondary prevent ion of cardiovascular or cerebrovascular 
events.

• Definit ion of ASA resistance.
•  Def i ni t i on of  t he met hods f or  measur i ng pl at el et  

funct ion.

Many of  t he excluded art icles were considered for t he 
descript ion of this review’s secondary obj ect ives.

Results

We recovered a t otal of  190 references f rom PubMed and 
EMBASE,  of  which 43 were select ed according t o t hei r 
abst ract s and t it les.  In t he other databases we reviewed, 
110 new ref erences appeared af t er  dupl i cat es were 
eliminated; of these, only two were selected based on their 
t it les and abst racts. During the subsequent  manual search, 
we added t wo art icles in Hungarian and Pol ish for which 
only an abst ract  was available.

To perform the prevalence review, we selected 33 art icles 
t hat  met  t he inclusion cr i t er ia out  of  t he pool  of  47 
previously chosen art icles.

Prevalence of resistance

Using the selected clinical t rials, we reviewed the prevalence 
of resistance to ASA in pat ients on ant iaggregant  t reatment  
with different  clinical situat ions. The large majority of these 
st udies included at  least  one in vi t ro t est  t o det ermine 
platelet  aggregat ion.

The prevalence we found showed a very wide range of 
variat ion between 0.4% and 57%8-40 (Table 1).

The met a-analysis by Hovenset al 41 est abl ished a mean 
prevalence of ASA resistance of 24% (95% CI: 20-28), that  is, 
one in f our  pat ient s was l i kely t o be resist ant  t o t he 
t reatment .  A similar result  was obtained by Crescente et  
al , 42 who showed a prevalence of  27% when plat elet  
aggregat ion was measured using PFA-100.

Association of resistance to acetylsalicylic  
acid and prothrombotic events

The cl ini cal  relevance of  t hi s phenomenon has been 
invest igated in pat ients with a history of stable cardiovascular 
d i sease, 23, 39 cor onar y ar t er y  d i sease, 13, 27, 30, 40, 43, 44 
cerebrovascular events,10,12,13,44 coronary artery bypass,29,33,45 
peripheral  vascular disease46 and percut aneous coronary 
intervent ions34,35 (Table 2).

The large maj ori t y of  t hese st udies f ind a signi f icant  
correlat ion between resistance to ASA and a larger risk of 
cardiovascular and cerebrovascular events among pat ients 
wi t h t hi s t ype of  sensi t i vi t y:  hi gher  f r equency of 
cerebrovascular events, cardiovascular death, fatal or non-
fat al  AMO, rest enosis af t er a percut aneous t ransluminal 
angioplasty or coronary artery bypass.

Several met a-analyses,  including bot h prospect ive and 
ret rospect i ve st udies, 47-50 have been car r i ed out  t o 
demonst rate the associat ion between resistance to ASA and 
increased risk of vascular events. All of these studies confirm 
the increase in risk of new cardiovascular events appearing 
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Table 1 Prevalence of resistance to acetylsalicylic acid in secondary prevent ion

Study Patient mg ASA/day Test used to  Prevalence of  

 characteristics, n  measure R R to ASA, %

Harrison et  al8 St roke (100)  75-150 Opt ical aggregometry Aggregometry: 5
   PFA-100 PFA-100: 22
   RPFA RPFA: 17
    R per all 3 tests: 2
Alberts et  al9 St roke (129) 81-650 PFA-100 37
Berrouschot  et  al10 St roke (291) 300 Opt ical aggregometry Primary R (24 h after  
    beginning t reatment ): 7.2
    Secondary R (3, 6 or 12  
    months after beginning  
    t reatment ): 4.1
Grotemeyer11 St roke (82) 50, 100 and RP Primary R (2 h after ingest ing  
  200 (in SD)  ASA):
    • 500 mg and 200 mg: 10
    • 100 mg: 20
    • 50 mg: 30
Grotemeyer et  al12 St roke (180) 1,500  RP 33
Grundmann et  al13 St roke (53) (cont rolled  100 PFA-100 R in the case group 
 case study)    (st roke at  least  3 days  
    before): 34 R in the  
    cont rol group  
    (st roke at  least   
    24 months before): 0
Helgason et  al14 Stroke (113) 325 (gradually scaled  Optical ≤325 mg: 20.5, semi-R 
  doses up to 1,300  aggregometry 650 mg: 3.7, semi-R 
  in non-responders)   950 mg: 0.9, semi-R
    1,300 mg: 0, R
Helgason et  al15 Stroke (306)  325 (gradually scaled  Optical aggregometry ≤325 mg: 25.4, semi-R 
  doses up to 1,300 in   1,300 mg: 8.2 
  non-responders)  
Macchi et  al16 St roke (37)  160 PFA-100 24.3
Tarj án et  al17 CAD (75) 200-325  Opt ical aggregometry 34
Coma-Canella et  al18 Stable CVD (113) 100-300  PFA-100 32
Christ iaens et  al19 Stable CVD (50) 75-300  PFA-100 20 (at  rest ). In those who  
    responded at  rest ,  
    22% were R after exercise
Dussaillant  et  al20 Stable CVD (99) 100-325 Opt ical aggregometry 11.1
Friend et  al21 Stable CVD (56) 325 Opt ical aggregometry 25
Gum et  al22 Stable CVD (325)  325 Opt ical aggregometry Aggregometry: 5.5-R
   PFA-100 23, 8-semi-R
    PFA-100: 9.5
Gum et  al23 Stable CVD (326) 325 Opt ical aggregometry 5.2
Kuliczkowski et  al24 Stable CVD (205) 160 Opt ical aggregometry  20
Lee et  al25 Stable CVD (468) 100 RPFA 27.4
Macchi et  al26 Stable CVD (98) 160 PFA-100  29.6
Pamuku et  al27 CAD (105)  100-300  PFA-100 19
Wang et  al28 CAD (422) 81-325 RPFA 23
Buchanan et  al29 CABG (289)  325 Bleeding t ime  54.7
Andersen et  al30 AMI (202)  160 PFA-100 35
Schwartz et  al31 AMI (190) 81-325 (normal  Opt ical aggregometry R during habitual t reatment  
  t reatment ),   with ASA: 9 
  followed by cleansing   R 2 h after ingest ing 325 mg 
  period and   ASA in SD: 0.52 
  administ rat ion  
  of ASA in doses  
  of 325 (SD)   
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in pat ients who do not  respond to ASA t reatment .  We also 
observe t hat  t his associat ion is higher in non-prospect ive 
st udies t han in prospect ive ones (OR: 3.12;  95% CI:  2.40-
4.06 vs OR: 1.75; 95% CI: 1.35-2.28; P=.005).50

Mechanisms related to the phenomenon  
of acetylsalicylic acid resistance

Specif ic fact ors exist  which can modify response t o ASA. 
These can be classif ied as factors that  cause an insuff icient  
bl ood l evel s of  ASA t o be reached (pharmacokinet i c 
mechanisms) and f act ors t hat  cause a change in t he 
metabol ic pathways or pharmacological t arget s by which 
ASA exer t s i t s ant iplat elet  ef f ect  (pharmacodynamic 
mechanisms).

The t ype of  pharmaceut ical  formulat ion may have an 
effect  on dif ferent  ASA bioavailabilit ies. Alberts et  al9 relate 
galenic formulat ion of ASA with a lower response to ASA. In 
pat ients who received the enteric formulat ion, resistance 
was found in 65%, while only 25% of pat ients on the normal 
formulat ion demonst rated resistance. 

Drug interact ions are another important  factor having to do 
with decreased t reatment effect iveness. A higher percentage 

of resistance was found among pat ients who take stat ins.18 
Feher et  al51 observed that  a higher percentage of pat ients in 
whom ASA resistance was found were being t reated with that  
class of hypolipaemic drugs than in the group of pat ients who 
responded t o ASA (52% vs 38%;  P<.05).  They t herefore 
established that  taking stat ins concomitant ly with ASA was 
considered an independent  r isk f act or  f or  developing 
resistance to ASA (OR: 5.9; 95% CI: 1.83-16.9; P<.005).

Other drug families such as NSAIDs compete with ASA and 
block ASA’s access to where it  binds with the COX-1 enzyme, 
decreasing it s ant iaggregant  ef fect .  This int eract ion has 
been demonst rated with ibuprofen, but  not  with diclofenac 
and certain select ive COX-2 inhibitors, such as rofecoxib.52 
It  has also been shown that  ingest ing proton pump inhibitors 
decreases the bioavailabil it y of  ASA due to increasing t he 
act ion by esterases in the gast rointest inal mucosa on ASA, 
which leads t o less ASA absorpt ion. 53 However,  anot her 
study54 performed subsequent ly observed t hat  omeprazol 
did not  have a signif icant  ef fect  on ASA’s bioavailabil it y or 
it s ant iaggregant  ef fect .  As a result ,  it  seems that  we are 
wit nessing an int eract ion wit h l i t t le cl inical  relevance, 
although concomitant  use of both drugs is very frequent  in 
clinical pract ice. 

Table 1 (cont inuat ion)

Study Patient mg ASA/day Test used to  Prevalence of  

 characteristics, n  measure R R to ASA, %

Golanski et  al32 CABG (24)  325 Opt ical aggregometry 10th day post -op:
   PFA-100 Incomplet e response:  25
    Weak response:  46
    No response:  16.5
    1 month post -op:
    Incomplet e response:  21 
    Weak response:  4 
    No response:  0
Yilmaz et  al33 CABG (28)  Case group:  PFA-100 R in case group: 50 
 (cont rolled  189 ± 100   
 case study)   
  Cont rol group:   R in cont rol group: 7.1 
  214 ± 90 
Chen et  al34 PCI (151)  80-325 RPFA 19.2
Chen et  al35 PCI (117)  80-325 RPFA 18.8
Tant ry et  al36 PCI (203) and  325 Opt ical aggregometry 0.4 
 thrombosis with     
 a stent  (20)   
   Thromboelastography
Roller et  al37 PAD (31)  100 PFA-100 40
Sane et  al38 CHF (88)  325 Opt ical aggregometry 56.8
   PFA-100
   Flow cytometry
Christ iaens et  al39  CVD (97)  160 PFA-100 29.9
Stej skal et  al40 CAD (103) 100 Opt ical aggregometry 55

AMI indicates acute myocardial infarct ion; ASA, acetylsalicylic acid; CABG, coronary artery bypass graft ;  CAD, coronary artery disease; 
CHF, congest ive heart  failure; CVD, cardiovascular disease; PAD, peripheral artery disease; PCI, percutaneous coronary intervent ion; 
PFA, Platelet  Funct ion Analyser; R, resistance; RPFA, Ultegra-Rapid Platelet  Funct ion Assay; SD, single dose; semi-R, semi-
resistance.
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“ Alternat ive TXA2 format ion pathways”  by means of  t he 
COX-2 enzyme have been described,  in addi t ion t o t he 
platelet  pathway in which the COX-1 enzyme intervenes. 56,57 
The COX-2 enzyme is mainly synthesised in nucleate cells, 
such as monocytes, macrophages and new platelets formed 
in response t o inf lammat ory st imul i ,  which are able t o 
synthesise this enzyme rapidly.44 Higher doses of ASA and a 
higher administ rat ion frequency are needed to inhibit  this 
isoenzyme and t hereby produce an ant i -inf lammat ory, 
analgesic and ant ipyret ic effect . It  is believed that  in certain 
inf lammat ory si t uat ions,  nucleat e cel ls may be able t o 
synthesise certain amounts of PGH2, a precursor of TXA2,  by 
means of  t he COX-2 enzyme. This enzyme is not  inhibit ed  
by the ASA doses normally used to achieve an ant iaggregant  
ef fect .44,55 This same synthesis process may occur with the 
COX-2 enzyme expressed in the platelets.56 

On the other hand, PGH2 is a precursor of  PGD2, PGF2a 
and PGI23.  PGI2 produces a vasodi lat or,  ant iaggregant  
act ion. It  has been hypothesised that  high doses of ASA could 
inhibi t  PGI2 product ion in such a way as t o weaken i t s 
ant iaggregant  effect , but  this has not  yet  been demonstrated 
conclusively.58

Zimmermann et  al 59 al so showed i nduct i on of  t he 
isoform of  t he COX-2 immunoreact ive platelet  enzyme in 
pat ient s who had undergone coronary art ery bypass and 
were t reat ed wit h 100 mg of  ASA.  Anot her previous t rial 
showed that  an “ increase in platelet  t urnover” 60 fol lowing 
coronary art ery bypass could explain t he inef fect iveness 
of  low doses of  ASA, since platelet  TXA2 synthesis must  be 
blocked by at  l east  10% f or  pl at el et  i nhibi t i on t o be 
ef f icient .  Therefore,  ASA, wit h it s short  plasma half -l i fe, 
would not  be able to inhibit  t his synthesis in newly formed 
platelet s. 

In the same way, it  is postulated that  genet ic mutat ions 
exist  that  could explain the phenomenon of ASA resistance. 
Polymorphisms or mutat ions in the COX-1 enzyme gene have 
been described which could favour resistance to ASA.61 

Furthermore, authors have described differences in GPIIb/
IIIa f i br i nogen recept or  act i vi t y havi ng t o do wi t h 
polymorphism of the P1A1,A2 allele62 that  codif ies the GPIIIa 
subunit  of  t hat  recept or.  In t his way,  plat elet s t hat  are 
homozygous for the P1A1 allele have been linked to greater 
resistance to ASA62,63 unlike platelets that  have at  least  one 
P1A2 al l el e.  However,  ot her  aut hors quest i on t hese 
conclusions due to f inding a greater resistance to the effects 
of ASA in pat ients bearing at  least  one P1A2 allele, as well as 
a higher risk of thrombot ic events.64-67 

Other studies relate high blood levels of the Von Willebrand 
factor, 68 P-select in30 or ADP69 wit h increased resistance to 
ASA. Increased platelet  sensit ivity to collagen70 may also be 
related to ASA resistance. 

On the other hand, high levels of  t he isoprostane 8-iso-
PGF2a have been found in pat ient s wit h unstable angina71 
and in smokers.72,73 These compounds, which are similar to 
PGF2, originate from AA through lipid peroxidat ion catalysed 
by oxygen f ree radicals.  These powerful vasoconst rict ors 
increase platelet  response, and could therefore be involved 
in cardiovascular disease pathogenesis.  In t his way,  many 
st udies show a signif icant  associat ion, 18,20,40,74-76 or a non-
signif icant  t endency37 between resist ance t o ASA and t he 
smoking habit .  However,  cont radict ory result s have been 
found. Davis et  al74 carried out  a randomised, double-blind 

t rial in 30 smokers with coronary artery disease in which the 
ef fect s of  150 mg ASA,  300 mg ASA and a placebo were 
compared on the platelet  aggregat ion rat io before and after 
smoking.  In t he placebo group,  t he plat elet  aggregat ion 
rat ios were 0.77 and 0.72 respect ively before and af t er 
smoking, and these values did not  change after administering 
both doses of ASA.

With regard to possible non-modif iable risk factors,  t he 
female sex has been correlated with ASA resistance.9,21,25,35,39 
Ot her aut hors have found a pot ent ial  correlat ion wi t h 
age.9,22,25 

Certain cl inical sit uat ions have been described in which 
there is a higher level of platelet  react ivity. Therefore, both 
dyslipidaemia and obesit y, 18,21,37,38,40 as well as t ype I and II 
diabetes,37,38,40,77-80 may be accompanied by a more moderate 
response t o t he ant iaggregant  ef fect .  In some of  t hese 
studies,  t he t endency is not  st at ist ical ly signif icant .  This 
may be caused by t he smal l  sample size,  which makes it  
dif f icult  to reach conclusive results. These data suggest  that  
there may be an associat ion between metabolic syndrome 
and resistance to ant i-platelet  t reatment .

Art erial  hypert ension16,38 has also been l ist ed as a risk 
factor,  and nearly twice t he rate of  resistance t o ASA has 
been described in pat ients with acute coronary syndromes 
complicated by pneumonia than in those without  respiratory 
complicat ions.81

Likewise,  cat echolamine release in cert ain sit uat ions, 
such as st ress or exercise19,82,83 produces platelet  act ivit y 
and decreases the effect iveness of ASA.

Less ASA resist ance is also observed in pat ient s wi t h 
ischaemic heart  disease18,40 and congest ive heart  failure.38

Managing patients resistant to acetylsalicylic acid

Cl inical  management  of  t his phenomenon is st i l l  being 
invest igated. Although measuring platelet  aggregat ion using 
biochemical  t est s is one opt ion for ini t ial  det ect ion of 
pat ient s who do not  respond to ASA t reatment ,  it  has not  
yet  been det ermined which of  t he met hods is t he most  
appropriate for ident ifying these pat ients, or how the results 
obtained correlate with the appearance of  cardiovascular 
events and their cost -ef fect iveness rat io.  As a result  t hey 
are not  current ly recommended as a diagnost ic st rategy in 
daily clinical pract ice. 

However,  where there is a suspected case of  inef fect ive 
t reat ment  wi t h ASA,  t he f i rst  st ep is t o rule out  f aul t y 
t reat ment  adherence bef ore diagnosing a pat ient  as 
resist ant ,  even if  t he plat elet  aggregat ion t est s seem t o 
indicate this is the case.17,31,84 If , on the cont rary, the pat ient  
compl i es wel l ,  and ot her  r easons f or  t r eat ment  
ineffect iveness are discarded (such as the presence of drug 
interact ions), we can contemplate the following opt ions for 
wor ki ng agai nst  t hi s phenomenon and t he cl i ni cal 
consequences arising from it .

Increasing the acetylsalicylic acid dose 

Evidence exist s t hat  doses of  75 t o 150 mg are j ust  as 
effect ive at  inhibit ing platelet  aggregat ion and decreasing 
cardiovascular  event s2 as higher  doses are,  wi t h t he 
advantage of  creat ing fewer gast rointest inal side ef fects, 
since these are dose-dependent .
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However,  several  st udies suggest  t hat  an increased 
dose5,9,11,14,15,25,40,85 may be suff icient  for clinical management  
of t reatment -resistant  pat ients or pat ients with risk factors 
that  lead us to suspect  a possible case of resistance. 

One important  aspect  to keep in mind is that  increasing 
t he dose is accompanied by an increase in side ef fect s, 
part icularly gast rointest inal ones, and therefore by a higher 
possibi l i t y of  abandoning t reat ment .  Prescr ibing t he 
m i n i m u m  e f f e c t i v e  d ose  i s t h e r e f o r e  a l w ay s 
recommended.2

Adding other antiaggregant drugs

Adding a t hienopyridine,  such as clopidogrel,  t iclopidine 
(current ly in disuse due to producing a higher incidence of 
neut ropoenia and bone marrow suppression) or new oral 
GPIIb/ IIIa antagonist s,  act s by blocking other al t ernat ive 
plat elet  aggregat ion pat hways di f f erent  f rom t hose of 
ASA.

Thienopyridines inhibit  t he union of  ADP to it s plat elet  
recept or,  t hus inhibit ing act ivat ion of  t he ADP-mediat ed 
GPIIb/ IIIa complex.  In t his way,  plat elet  aggregat ion is 
inhibit ed by a dif ferent  pat hway f rom t hat  used by ASA. 
Adding clopidogrel to ASA has been shown to be bet ter than 
ASA monotherapy in indicat ions of non-ST segment  elevat ion 
acut e coronary syndrome, 86 including pat ient s who have 
undergone percut aneous coronary surgery wi t h st ent  
placement 87 and ST-elevat ion acute coronary syndrome.88 As 
a result ,  adding another ant iplatelet  to ASA t reatment  may 
be a t reatment  st rategy for ASA-resistant  pat ients. 

However,  t his double ant iplatelet  t reatment  opt ion has 
not  been specif ically evaluated in any clinical t rials. On the 
other hand, we cannot  overlook the fact  that  resistance to 
c l op i dogr e l ,  assoc i at ed  w i t h  i nc r eased  r i sk  of 
atherothrombot ic events, 89-91 has also been observed, and 
t here may be resist ance t o bot h drugs (clopidogrel  and 
ASA).92

Discussion

We have encount ered considerable var iabi l i t y in t he 
prevalence of  ASA resist ance in t he reviewed st udies. 
These discrepancies can be explained in part  by t he lack 
of  a uniform method for def ining ASA resistance;  here,  we 
see i t  measured using di f f erent  plat elet  aggregat ion 
t est s.  Fur t her mor e,  even when we use t he same 
t echnique,  t here is no uniformit y in t he reference value 
used for classifying pat ients as resistant  or not  responding 
t o ASA t reatment . 

The main methods used for measuring in vit ro aggregat ion 
are as fol lows:  Opt ical  aggregomet ry,  PFA-100 and RPFA. 
Harrison et  al8 observed great er sensit ivit y for det ect ing 
resistant  pat ients when using the PFA-100 and RPFA methods. 
However,  t hey st ressed t he lack of  correlat ion f ound 
between t hese t est s and opt ical aggregomet ry (k = 0.16; 
95% CI: −0.8 to 0.39; P=.11 and k = 0.09; 95% CI: −0.12 to 
0.30;  P=.32,  respect ively),  and bet ween t he t wo t est s 
themselves (k = 0.14; 95% CI: −0.08 to 0.36; P=.15).  Other 
studies also conf irmed t he scant  agreement  between t he 
results from dif ferent  methods and the diagnost ic capacity 
of the phenomenon called resistance to ASA.93,94 

We must  also consider t hat  diagnosing a pat ient  as ASA 
resistant  according to a technique that  measures the effects 
of  ASA on AA is not  complet ely precise,  since t here are 
hypotheses about  t he existence of  other cardioprotect ive 
mechanisms in ASA t hat  are independent  on t his plat elet  
act ivat ion pathway.5

However,  despi t e having f ound many di f f i cul t ies in 
def ining whet her or not  a pat ient  is ASA resist ant  f rom a 
biochemical standpoint , according to most  studies, this lack 
of response leads to a decrease in it s abilit y to protect  the 
pat ient  from cerebrovascular and cardiovascular events.

Whi l e t hi s associ at i on seems l ogi cal ,  t he cl i ni cal 
relevance of  t his phenomenon has not  been complet ely 
established. We must  also take into account  the following 
l imi t at i ons of  t he cl i ni cal  t r i al s:  smal l  sampl e si ze, 
di f f erent  t imes el apsed bet ween ASA i ngest i on and 
collect ing the sample to perform the resistance study, and 
populat ion het erogeneit y,  including individuals who may 
require a dif ferent  degree of  platelet  aggregat ion in order 
t o experience t he prot ect ive ef fect  of  ASA.  Wit hin t his 
cont ext ,  we are aware of  t he prot hrombot ic st at e t hat  
may arise in di f ferent  cl inical  si t uat ions,  such as acut e 
coronary syndrome,  in which more ant iplat elet  act ion is 
needed to counteract  this clinical situat ion. 

Another factor we must  t ake into account  is t reatment  
adherence in cl inical  t r ials.  In t he st udies in which t his 
var iable was not  cont rol led13,23,27,40,43-45 t he associat ion 
bet ween decreased ant i aggregant  act i vi t y and t he 
phenomenon of  resist ance t o ASA and t he appearance of 
clinical events may be overstated in many cases. 

Furthermore, we must  ask ourselves if  resistance to ASA is 
variable, or if  it  is an absolute value in t ime. 

Last ly,  we must  consider t he possibil it y t hat  t hrombosis 
caused by platelet s is not  t he only mechanism involved in 
atherothrombot ic processes. It  has been shown that  chronic 
t reatment  with ASA is associated with a progressive decrease 
in platelets’  sensit ivity to that  drug, and thus less t reatment  
effect iveness.95

Ident ifying pat ients resistant  to ant iaggregant  t reatment  
may be recommendable in clinical pract ice. But  since there 
is no diagnost ic met hod of  ref erence,  we cannot  yet  
recommend rout ine use of these techniques.

Likewise,  ident ifying fact ors t hat  may have t o do wit h 
decreasing t reat ment  ef fect iveness is import ant  so t hat  
we may work t oward opt imising t reatment  on a personal 
basis.  St rat egies t hat  we may use t o count eract  t his 
decrease in ant iaggregant  act ion are as follows: increasing 
the ASA dose, dual t reatment  with other ant iplatelet  drugs 
or modifying certain risk factors, such as obesit y,  diabetes 
and smoking habit s.  However,  t hese measures have not  
been r igorously invest igat ed in t he populat ion of  ASA-
resistant  pat ients. 

More st udies must  be developed t o clar i f y al l  of  t he 
quest ions listed above. In this way, we can establish clearer 
recommendat ions for clinical management  of ASA resistance 
in order to reach the goal of using this ant iplatelet  drug to 
t reat  all pat ients at  a high cardiovascular risk.
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