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EDITORIAL COMMENT
Is Stent Thrombosis a Genetic Disease?*

Guillaume Cayla, MD, PHD, Benoit Lattuca, MD, PHD
D espite a significant decrease of its inci-
dence, stent thrombosis (ST) remains the
most feared complication of percutaneous

coronary intervention (PCI). The physiopathology of
ST is not fully understood but involves many factors
including the patients’ comorbidities including dia-
betes, chronic renal failure, or inflammatory disease;
the type and intensity of antiplatelet therapy; pa-
tients’ compliance; the complexity of PCI; the success
of procedure; and the stent platform itself. In the
1990s, before the introduction of P2Y12 inhibitors
and despite a combination of various antithrombotic
agents such aspirin, heparin, and vitamin K antago-
nist, the rate of ST was 1 in 4 patients, which was
not acceptable for the medical community and the
future of PCI.1 The advent of P2Y12 inhibitors (ticlopi-
dine initially then after clopidogrel) saved the PCI
approach by markedly cutting the rate of early ST to
an acceptable rate of 3% to 4% during the first month.
However, clopidogrel is a prodrug that requires a
complex hepatic biotransformation leading to an
active metabolite of the drug. Loss-of-function allele
CYP2C19*2 has been identified as a very important
contributor of the variability of clopidogrel with a
negative impact on adverse clinical outcomes
including ST.2–4 Potent P2Y12 inhibitors (ticagrelor
and prasugrel) were consequently developed to pro-
vide a more intense P2Y12 inhibition without a detri-
mental effect of genetic polymorphisms of the
CYP2C19 on platelet inhibition leading to first-line
treatment in the acute coronary syndrome (ACS)
setting.5,6 Thus, an individualized approach based
ISSN 2772-963X

*Editorials published in JACC: Advances reflect the views of the authors

and do not necessarily represent the views of JACC: Advances or the

American College of Cardiology.

From the Department of Cardiology, University Hospital of Nimes,

ACTION Study Group, University of Montpellier, Nimes, France.

The authors attest they are in compliance with human studies commit-

tees and animal welfare regulations of the authors’ institutions and Food

and Drug Administration guidelines, including patient consent where

appropriate. For more information, visit the Author Center.
on systematic CYP2C19 genotyping was tested to
adapt the choice of P2Y12 inhibitors (from potent
P2Y12 inhibitors to clopidogrel in patients without
CYP2C19 loss of function allele). This approach of
de-escalation has been associated with favorable re-
sults in ACS, and this strategy could be proposed
depending on patient’s risk profile and availability
of genotyping (Class IIb, Level of Evidence: B of the
European guidelines).7

On the other hand, technical aspects of the PCI
procedure and the properties of the stent platform are
crucial. First generation of the drug-eluting stent
(DES) (cypher and taxus) has been associated with a
high rate of late and very late ST.8 The use of the
newest generation of DES with technical improve-
ments (reduced strut thickness, biocompatible poly-
mer, abluminal polymer, shorter duration of polymer
resorption, and dose of antiproliferative drug) re-
duces by half the risk of late and very late ST
compared with early-generation DES.9,10

In the recent years, the development of intravas-
cular imaging in clinical practice, particularly optical
coherence tomography, led to a better understanding
of the physiopathology of ST and underlined addi-
tional causes of ST related to the procedure. Indeed,
mechanisms of ST were dominated by stent malap-
position, confirmed in more than one-third of pa-
tients, stent underexpansion, neoatherosclerosis, and
uncovered struts.11–13 A systematic use of optical
coherence tomography in ST context allows to iden-
tify a technical cause in almost all patients and lead to
a change of the planed procedure in more than half of
the patients.11

Henceforth, the better comprehension of ST
mechanisms and the improvement of the drugs and
stent implantation have contributed to considerably
reduced rate of both early and late ST to <1%
(Figure 1). However, ST is not eradicated and has
exposed patients to severe complications requiring a
complete and individualized patient evaluation.

In this issue of JACC: Advances, Shoji et al14 have
conducted a case-control study in order to identify all
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FIGURE 1 Better Comprehension of ST Mechanisms, Improvement of the Drugs and Stent Implantation Have Contributed to Considerably

Reduced Rate of Both Early and Late ST to <1%

ACS ¼ acute coronary syndrome; BMS ¼ bare-metal stent; CRF ¼ chronic renal failure; DES ¼ drug-eluting stent; LVEF ¼ left ventricular

ejection fraction.
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the genetic factors associated with ST using genome-
wide association (GWAS). This type of genetic study
has achieved great success in identifying genetic
susceptibility to understand the pathogenesis of
many complex diseases. In this case-control study,
the prospective 15-center JCD-KICS (Japan Cardio-
vascular Database Keio Interhospital Cardiovascular
Studies) registry was used to identify 132 patients
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with an history of ST (early or late/very late) of whom
42 patients were alive and continuing clinical follow-
up. Two different control groups comprising the
Biobank Japan patients were used; the first group
included patients admitted for ACS, and the second
one included patients suffering from stable angina.
None of the well-known genetic factors previously
identified in the absorption, in the metabolism of
clopidogrel or in platelet function,15 were found,
whereas 2 new susceptibly markers were described.
Polymorphisms located within NSD1 (nuclear
receptor-binding SET domain protein-1) were associ-
ated with early ST, and polymorphisms located
within GRIN2A (glutamate ionotropic receptor) were
associated with late and very late ST. The authors
have proposed some potential physiopathological
hypotheses to explain the link between these poly-
morphisms and ST as impairment of DNA methylation
resulting in abnormal proliferation of endothelial
cells and platelet aggregation or change in Ca2þ re-
sponses enhancing cell proliferation, but further
dedicated studies are warranted to confirm these
hypotheses. The determination of the authors to
identify a specific risk profile of ST based on the ge-
netic analysis and independently of coronary lesion
and PCI should be appreciated, but the conclusions of
this GWAS study must be interpreted with a lot of
precautions.

The size of the analyzed population is very
small, leading to potential selection and interpreta-
tion biases due to the exclusion of a majority of the
132 patients and very large CIs in the analysis.

The choice of the 2 control groups is also ques-
tionable. Patients from the Biobank Japan project
were recruited between 2003 and 2008 and selected
by target diseases.16

It is unknown how many patients from the con-
trol group underwent PCI, and it is therefore diffi-
cult to consider all these patients as control group.
Moreover, it should be mentioned that GWAS
studies are very interesting to identify genotype-
phenotype association, but this type of analysis
are prone to identify variants and gene with no
direct biological relevance and also false-positive
results, owing to the large number of statistical
tests performed.

Important informations regarding the context of ST
such as the type of dual antiplatelet therapy used,
loading and maintenance dose, compliance to dual
antiplatelet therapy, the context of occurrence of ST,
and procedural or intravascular imaging details of the
initial procedure are also lacking.

Finally, none of the well-known genetic factors
associated with the genetic variability of platelet
response to clopidogrel were identified in this anal-
ysis. In the largest case-control study on early ST15

using a gene candidate approach, 3 genes involved
in clopidogrel metabolism and platelet function re-
ceptor (CYP2C19, ABCB1, ITGB3) were independently
associated with early ST. Other established clinical
and angiographic factors (acuteness of PCI, complex
lesions, left ventricular dysfunction, diabetes melli-
tus, use of proton pump inhibitors, and loading dose
of clopidogrel) were also found to be associated with
early ST. As a consequence, due to polyfactorial
mechanisms, it appears difficult to evaluate the risk
of ST based only on the genetic analysis regardless of
its extent. The best approach to predict ST appears
therefore to be the combination of genetic factors and
nongenetic factors (clinical and angiographic).

In conclusion, important advances have been made
in the comprehension of ST, leading to a better use of
P2Y12 inhibitors, to an improvement of the quality of
stent implantation, and consequently to a consider-
able decrease in the incidence of this complication.
The residual rate of ST remains low, and it is a result
of a combination of multiple factors, each individual
factor contributing weakly to the occurrence of
this complication. Better than an approach centered
on unique causal genetic factors, the permanent
objective of ST eradication seems to be based on
an individualized approach including clinical and
angiographic factors but probably also future indi-
vidual genetic profiling.
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