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A B S T R A C T

Identifying risk factors is of utmost importance in patients with cardiovascular risk, even 
more so in those with extremely high risk, who still present with complications despite recei-
ving treatment as secondary prevention. We hypothesized that patients with very high cardio-
vascular risk would have genetic resistance to the antiplatelet agent clopidogrel. We performed 
a cross-sectional descriptive study that included 58 patients with the CYP2C19 genotype in the 
coronary care unit of the hospital, who were divided into two groups: resistant and non-resistant 
to therapy. We confirmed that patients in extremely high cardiovascular risk had more genetic 
resistance to clopidogrel, which caused secondary prevention failure, so they would benefit from 
individualizing antiplatelet therapy.  .

Resistencia al clopidogrel en pacientes con extremado alto riesgo cardiovascular 
con genotipo CYP2C19
R E S U M E N 

Identificar los factores de riesgo es de suma importancia en pacientes con riesgo cardiovascular, 
más aún en aquellos con riesgo extremadamente alto, que aún presentan complicaciones a pesar de 
recibir tratamiento como prevención secundaria. Presumimos que los pacientes con riesgo cardio-
vascular muy alto tendrían resistencia genética al antiagregante clopidogrel. Se realizó un estudio 
descriptivo transversal que incluyó a 58 pacientes con el genotipo CYP2C19 en la unidad de cuida-
dos coronarios del hospital, los cuales fueron divididos en dos grupos: resistentes y no resistentes 
a la terapia. Se comprobó que los pacientes de extremado alto riesgo cardiovascular tenían más 
resistencia genética a clopidogrel, lo que provocaba el fracaso de la prevención secundaria, por lo 
que se beneficiarían de individualizar el tratamiento antiagregante.
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INTRODUCCIÓN
In extremely high cardiovascular-risk patients, there is 

an increased incidence of failure of secondary prevention, 
making it very important to identify residual risk factors 
to change the course of the disease. A targeted therapy 
would reduce ischemic risk without increasing the one of 
bleeding. Clopidogrel is the most widely used antiplatelet 
drug, which is low-cost and easy to get. Additionally, there 
is no restriction from the Ministry of Health for its sale. 

Platelet aggregation starts the arterial thrombotic pro-
cess. Hyperreactivity is an exaggerated response to ago-

nists, and treatment failure relates to more ischemic events. 
Between 4 and 30% of patients present an inadequate res-
ponse due to genetic, cellular, and clinical factors. The grea-
ter the platelet volume, the more thrombotic potential, fai-
lure in revascularization, and resistance to anti-aggregates. 
Several consensuses alert about the poor efficacy of clopi-
dogrel; even so, there is no standardization in definitions, 
methods, and techniques. There are two ways to evaluate 
its resistance: platelet function and study of the CYP2C19 
genotype; the latter one is higher according to the North 
American consensus of 2019 since there is no variability of 
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the results, they do not change over time, and there are no 
external influences; the disadvantage is not recognizing re-
sistance due to acquired causes. Only 15% of the dose is 
activated by cytochrome P450, so irreversibly inhibits the 
ADP receptor P2Y12, which is dose and time-dependent. 
Each cytochrome P450 gene is called by the acronym CYP, 
encoded by the CYP2C19 gene; it is highly polymorphic 
and is involved in the metabolism of several medications 
explaining the interindividual variability of their response; 
enzyme activity may be none or intermediate depending 
on the number of affected alleles (CYP2C19*2/CYP2C19*3), 
associated with more ischemic events, the *17 allele is an 
ultra-rapid metabolizer related to bleeding. Impaired en-
zyme activity has an autosomal recessive inheritance pat-
tern. Regulatory agencies such as the FDA (Food and Drug 
Administration) and the EMA (European Medicine Agen-
cy) recognize CYP2C19 as an important pharmacogenetic 
biomarker for 22 drugs, and the CPIC (Clinical Pharmaco-
genetics Implementation Consortium) recommends aga-
inst their use in intermediate or poor metabolizers. There 
are ethnic differences in their expression, the CYP2C19*3 
polymorphism is less common in Hispanics. The more 
alleles affected, the less active metabolite: one variant or 
an intermediate metabolizer activates 26 to 31%, and two 
variants lead to no activation. The mutation of the intesti-
nal transporter gene (ABCB1) decreases the bioavailability 
of clopidogrel and is associated with a worse prognosis if 
CYP2C19 polymorphisms coexist. We hypothesized that 
patients with extremely high cardiovascular risk would 
have genetic resistance to clopidogrel. The objective was to 
identify the relation of the CYP2C19 genotype in extremely 
high cardiovascular risk patients who take clopidogrel. To 
determine clinical, laboratory, and demographic characte-
ristics that could represent residual risk. To establish the 
incidence of new atherosclerotic events or bleeding when 
adding another antiaggregant. 

MATERIALS AND METHODS
This is a cross-sectional descriptive study, that included 

patients of the coronary care unit of the Eugenio Espejo 
Hospital between 2017 and 2018, studied for a CYP2C19 
genetic polymorphism and coronary events (acute or chro-
nic), exceptionally high-risk individuals taking secondary 
prevention with clopidogrel. Clinical, laboratory, demogra-
phic, and genetic data were obtained from the medical re-
cords (Hospital and Infinity systems). Extremely high car-
diovascular-risk patients were defined as those diagnosed 
of acute coronary syndrome (ACS) and a left ventricular 
ejection fraction (LVEF) below 35%.

Patients with type 2 infarction were excluded. The data 
were compared between the resistant and non-resistant in-
dividuals as measured by CYP2C19 polymorphism. New 
atherosclerotic events, death, and bleeding were registered. 

All participants signed informed consent for participa-
ting in this study. 

RESULTS 
In total, we identified 58 patients with the CYP2C19 ge-

notype included in the study, 84% had extremely high risk 
as defined by low LVEF and ACS. The remaining 16% did 
not meet these criteria. In the extremely high risk group, 
two subgroups were identified: resistant and non-resistant, 
most were male gender in both sets, and the mean age was 
similar (56.5 years). The resistance distribution was inter-
mediate enzymatic activity at 67% and no enzymatic activi-
ty at 33%. Obesity, diabetes, and smoking were more preva-
lent in the non-resistant group; hypertension, dyslipidemia, 
and renal failure were more frequent in the other group. Re-
garding previous cardiovascular events, patients with resis-
tance suffered more myocardial infarctions (76.5% vs. 65%) 
and heart failure (11.8% vs. 10%) with p<0.001 and were re-
vascularized with greater frequency. Most resistant patients 
used clopidogrel (61% vs. 57%). There was no relation to the 
use of omeprazole or morphine. Platelet volume was not an 
aggravating factor. The resistant individuals had more in-
farcts without ST elevation (33.3% vs. 22.5%), unstable an-
gina (33.3% vs. 27.5%), and stable ischemia (16.7% vs. 10%) 
in contrast to myocardial infarction with ST elevation was 
more frequent in the non-resistant group (41.7% vs. 42.5%) 
p>0.001. There was also a statistical difference in clinical 
treatment (29.4% vs. 25%) and surgical revascularization 
(5.9% vs. 5%) in resistant patients, responders to clopidogrel 
had more stent treatment (64.7% vs. 67.5%). In resistant pa-
tients most commonly, two coronary arteries were affected 
(41.2% vs. 32.5%) and the anterior descending artery, with 
a statistical difference (72.5% vs. 66.7%). In the follow-up, 
most events occurred in resistant patients (29.4% vs. 17.5%) 
with incomplete revascularization (29% vs. 10%), which 
would reflect more complex coronary artery anatomy, with 
no statistical difference. Ticagrelor was the alternative anti-
aggregant in the two groups (few required anticoagulation 
because of atrial fibrillation or ventricular thrombus). The 
geographical distribution of the resistant individuals was 
mainly the provinces of Pichincha and Tungurahua, the 
majority were mixed race (one Caucasian). The CRUSADE 
scale did not show a high risk of bleeding. 

DISCUSSION 
The importance of this work is the inclusion of patients 

at extremely high risk, in whom secondary prevention fai-
led to reduce ischemic events, a risk that lasts for years. The 
guidelines recommend double antiplatelet therapy for at 
least one year after an acute myocardial infarction, regard-
less of the chosen treatment. It was verified that there was 
more use of clopidogrel in the genetic resistance group. The 
factors related to increased platelet reactivity: smoking (pa-
radoxical action), diabetes, and obesity, that influence pla-
telet receptors with abnormal signals were more frequent 
in the non-resistant group, platelet function was not mea-
sured to identify an acquired resistance. We found a statis-
tically significant difference in the cardiovascular history, 
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the infarction was more frequent in the resistant group, a 
condition that already qualifies them as high risk, they also 
had more previous percutaneous revascularization proce-
dures, but we cannot prove that there was stent thrombosis. 
The new event was coronary syndrome without ST eleva-
tion and stable cardiopathy in the resistant group, while ST-
elevation infarction occurred in non-resistant patients, with 
a statistically significant difference. 

Most of the works that studied resistance to clopidogrel 
were in patients with myocardial infarction, a higher-risk 
phenotype, we included all the coronary phenotypes. Ob-
servational and prospective studies have shown that non-
responders and low responders have more cardiovascular 
events, and targeted therapy offers better results and less 
bleeding. The last North American Consensus states that 
identifying the CYP2C19 genotype is helpful as a prognos-
tic factor in patients at high ischemic risk, such as the ones 
in our study, especially if the treatment is percutaneous. 
Scaling antiplatelet therapy is only accepted for high-risk 
stable coronary disease. Therapy is not recommended for 
acute coronary syndromes because there is no evidence. 
The treatment of a new event that was performed the most 
was angioplasty, followed by clinical treatment, and very 
few required surgical revascularization. The platelet volu-
me, a determining factor in platelet hyperreactivity, was 
irrelevant to our patients. 

CONCLUSIONS 
Patients at extreme risk had more genetic resistance to 

clopidogrel, so it should be considered as a cause of failure 
of secondary prevention, these individuals had more coro-
nary events, namely non-ST-elevation coronary syndrome 
and stable cardiopathy, in whom we should study genetic 
resistance to individualize antiplatelet treatment. Studying 
CYP2C19-mediated resistance should be considered in all 
types of treatment, not only percutaneous. Diabetes, obe-
sity, and smoking, known factors for increased platelet re-
activity, were more prevalent in the non-resistant group. 
Patients with the resistance measured with CYP2C19 had a 
new atherosclerotic event during follow-up, although there 
was no statistically significant difference. 
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