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 Abstract 
 Carotid artery stenting (CAS) is less invasive and has a lower incidence of systemic complica-
tions such as myocardial infarction compared with carotid endarterectomy. However, CAS is 
known to have a high incidence of ischemic complications due to distal thromboembolism. 
Progress has been made in the development of various distal protection devices and protec-
tion methods aimed at preventing thromboembolism. Similar to these methods, perioperative 
antiplatelet therapy is also able to play a very important role in the prevention of ischemic 
events. Dual antiplatelet therapy has become standard for perioperative management of CAS. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Cerebrovascular disease is a leading cause of morbidity and mortality in most developed 
countries. Extracranial carotid artery stenosis, which is a part of systemic arteriosclerotic 
disease, is an important cause of ischemic stroke. Even in Japan, the number of patients with 
this disease is increasing with westernization of the lifestyle. For patients with mild-to-
moderate asymptomatic carotid stenosis, which poses a lower risk of ischemic stroke, medical 
treatments such as antiplatelet therapy are recommended  [1–3] . However, for patients with 
severe carotid stenosis, which poses a higher risk of ischemic stroke, antiplatelet therapy 
alone does not provide a sufficient preventive effect against ischemic stroke, and surgical 
revascularization is necessary  [4, 5] .

  Carotid endarterectomy has been the standard surgical procedure for extracranial 
carotid artery stenosis. This procedure entails direct exposure of the carotid artery and surgi-
cally removal of the atherosclerotic plaque. There is a high level of evidence suggesting its 
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superiority to medical treatment alone in preventing stroke in patients with symptomatic or 
asymptomatic extracranial carotid artery stenosis ( table 1 ). However, an important disad-
vantage is that such a highly invasive procedure sometimes causes perioperative adverse 
events, especially in high-surgical-risk populations.

  In the 1990s, carotid artery stenting (CAS) emerged as a less invasive revascularization 
procedure, providing an alternative to endarterectomy. Several large-scale randomized 
clinical studies comparing the therapeutic results of CAS and endarterectomy have been 
reported  [6–10] . However, whereas some studies have proven the noninferiority of CAS to 
endarterectomy, others have been unable to do so. Thus, we cannot say which therapeutic 
technique is superior yet ( table 2 ). It is currently considered appropriate for high-surgical-
risk populations, such as elderly patients or those with severe comorbidities or restenosis 
after carotid endarterectomy.

  Among those clinical studies, the CREST  [9]  trial has shown some interesting results that 
reflect the respective characteristics of each procedure, i.e. CAS and carotid endarterectomy. 
This randomized trial compared the therapeutic results of CAS and endarterectomy in patients 
who had symptomatic lesions with  ≥ 50% stenosis or asymptomatic lesions with  ≥ 60% 
stenosis. The incidence of periprocedural stroke, myocardial infarction (MI), death, or ipsi-
lateral stroke within 4 years of the procedure did not differ significantly between the two 
groups (7.2% with CAS and 6.8% with endarterectomy, p = 0.51), thus proving the noninfe-
riority of CAS to carotid endarterectomy. However, the most noteworthy point of the CREST 
trial is that manifesting events differed greatly between the two procedures. That is, the inci-
dence of periprocedural ischemic stroke was higher with CAS (4.1 vs. 2.3%, p = 0.01), whereas 
the incidence of perioperative MI was higher with endarterectomy (1.1 vs. 2.3%, p = 0.03).

Table 1.  Results of randomized clinical trials of endarterectomy for carotid artery stenosis

Trial Status Follow-up Primary end point CEA Medical therapy p value

NASCET [4] Symptomatic ≥70% 2 years Ipsilateral stroke 9.0% 26.0% <0.001
ECST [5] Symptomatic ≥80% 3 years Stroke or death 14.9% 26.5% <0.001
ACAS [1] Asymptomatic ≥60% 5 years Ipsilateral stroke,

periprocedual death
5.1% 11.0% 0.004

ACST [2] Asymptomatic ≥60% 5 years Any stroke 6.4% 11.8% 0.0001

Table 2.  Results of randomized clinical trials compared to endarterectomy and carotid artery stenting

Trial Status End point CAS CEA p value

SAPPHIRE [6] CEA high risk
symptomatic ≥50%
asymptomatic ≥80%

30 days: MI; 1 year: ipsilateral stroke or 
death

12.2% 20.1% 0.05

SPACE [7] Symptomatic ≥50% 30 days: ipsilateral stroke or death   6.8%   6.3% NS

EVA-3S [8] Symptomatic ≥70% 30 days: death; 4 years: ipsilateral stroke   9.6%   3.9% NS

CREST [9] Symptomatic ≥50%
asymptomatic ≥80%

4 years: ipsilateral stroke or surgical death   7.2%   6.8% NS

ICSS [10] Symptomatic ≥50% 120 days: stroke, death, or procedural MI   8.5%   5.2% 0.006
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  CAS often leads to ischemic events by thromboembolism that are normally rarely seen in 
carotid endarterectomy. During CAS, percutaneous interventions cause intimal injury of the 
arterial vessel, which releases procoagulant tissue factor and exposes collagen in the suben-
dothelium, thereby triggering the activation of platelets and subsequent formation of a 
thrombus. Symptomatic ischemic stroke occurred with an incidence of 2–9%, and asymp-
tomatic ischemic lesions detected on diffusion-weighted imaging by distal embolism were 
observed with an incidence of 25–41% after protected CAS  [11–13] .

  Perioperative Ischemic Complications of Carotid Stenting 

 Two mechanisms are considered for the occurrence of ischemic stroke during and after 
CAS: (1) distal embolism due to ruptured plaque and (2) formation of a mural thrombus due 
to platelet activation caused by intimal injury or a foreign body placed in the blood vessel. 
However, it is difficult to recognize the cause using imaging diagnosis only ( fig. 1 ). Antiplatelet 
therapy plays a key role in the prevention of mechanism 2.

  Various protection devices to prevent distal embolism have been developed to prevent 
ischemic stroke by mechanism 1. According to the global registry of Wholey et al.  [14] , the 
incidence of perioperative stroke and death was high at 5.2% in a patient group for which 
protection devices were not used, but it was significantly lower at 2.2% in a patient group for 
which protection devices were used. These results contributed to recognition of the impor-
tance of protection devices for the prevention of periprocedural ischemic stroke of CAS  [14] . 
Protection methods can be divided into distal protection with balloon or filter devices and 
proximal protection using double balloon catheter ( fig. 2 ). The distal protection method is 
simple, but there is a possibility that debris will leak out through gaps in the vascular wall. 
With proximal protection, the recovery rate of debris is higher, but this method has some 
disadvantages such as that it is a complicated procedure and that it requires placement of a 
larger sheath than usual.

  Moreover, there have been recent advances in plaque-imaging techniques using magnetic 
resonance imaging, etc., that provide preoperative information regarding vulnerable plaque 
that might readily cause distal embolism. Distal embolism after CAS was reportedly more often 
observed in patients with symptomatic echolucent plaque  [15] , a necrotic core in the plaques 
on virtual histology intravascular ultrasound  [16] , or high-intensity signals in the plaques 
detected by black-blood MRI  [17]  or time-of-flight MRA  [18] . CAS or endarterectomy should 
be selected on the basis of the patient’s background, i.e. age, coexisting diseases, or character 
of the plaque. If vulnerable plaque is detected by preoperative plaque imaging, endarterectomy 
is the best option because it has a lower risk of ischemic stroke than CAS  [19, 20] .

  For the prevention of ischemic stroke by mechanism 2, antiplatelet therapy is essential. 
In coronary intervention, which has a longer history than CAS, standard perioperative anti-
thrombotic therapy was carried out using an anticoagulant regimen of heparin or warfarin 
and aspirin monotherapy. However, subacute stent thrombosis occurred as a serious compli-
cation in approximately 5–20% of patients  [21, 22] . Comparative studies of dual antiplatelet 
therapies (DAPT) and anticoagulant therapies were performed in the late 1990s. Schömig et 
al.  [22]  undertook a prospective study of postoperative antithrombotic therapy in patients 
who had undergone coronary artery stenting by randomizing them into an oral aspirin plus 
heparin/warfarin anticoagulant therapy group and an oral aspirin plus ticlopidine DAPT 
group. The incidence of in-stent thrombosis after 30 days was 5.4% in the anticoagulant 
therapy group and 0.8% in the DAPT group, and they reported the superiority of DAPT. Based 
on that history, the superiority of DAPT became common knowledge with regard to peripro-
cedural management in coronary artery intervention.
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  The process of thrombus formation is known to involve a mutual interaction between the 
coagulation system and the platelet activation system. If there is damage to the vascular endo-
thelium, glycoprotein (GP) Ia/IIa and Ib/V/IX receptors on the platelets react with von Wil-
lebrand factor and collagen in the subendothelial tissue and initiate a platelet adhesion 
reaction. Platelet adhesion stimulates platelet activation, which leads to a release of adenosine 
diphosphate (ADP) and other intragranular substances, generation of thromboxane A2 from 
arachidonic acid, etc., and culminates in activation of the GPIIb/IIIa receptor, which binds to 
fibrinogen. Simultaneously, in the coagulation system, there is activation of various coagu-
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  Fig. 1.  Representative images of distal embolism by CAS.  a  Prestenting angiogram of left internal carotid ar-
tery stenosis.  b  Stenting was performed with distal protection with a balloon.  c  Poststenting angiogram 
showing in-stent thrombus formation (black arrows).  d  Diffusion-weighted magnetic resonance imaging. 
The white arrows show multiple ischemic lesions detected in the left hemisphere after the procedure. 

  Fig. 2.  Various protection devices 
to prevent distal embolism by 
CAS. 
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lation factors from tissue factors, etc., that are released at the site of endothelial damage, and 
fibrinogen is generated. Finally, the generated fibrinogen binds to the activated GPIIb/IIIa on 
the surface of platelets, these platelets adhere to each other, and a fibrin clot is formed  [23]  
( fig. 3 ).

  Red thrombi are formed from the activation of the coagulation system at sites of flow 
stagnation, such as inside catheters, and have red blood cells and fibrin as their main constit-
uents, whereas white thrombi are formed from the activation of platelets at sites of endo-
thelial damage by balloon angioplasty or stenting and have platelets as their main constituent 
 [24] . Red thrombi can be prevented by anticoagulants such as heparin, but white thrombi 
cannot.

  Status of Antiplatelet Therapy for CAS 

 As antithrombotic therapy for CAS, coadministration of aspirin and a thienopyridine 
antiplatelet drug has been reported to be more effective than antiplatelet monotherapy plus 
combination therapy with anticoagulants, such as aspirin alone and a 24-hour continu-
ous drip infusion of heparin. Coadministration of two antiplatelet agents (DAPT) is now 
considered to be the norm during the perioperative period for CAS. In a randomized control 
trial for perioperative antithrombotic treatment for CAS, McKevitt et al.  [25]  compared the 
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  Fig. 3.  Important steps in thrombus formation. vWF = von Willebrand factor; TXA2 = thromboxane A2. 
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perioperative complications of aspirin plus heparin as an anticoagulant group and aspirin 
plus clopidogrel as a DAPT group. Compared to the anticoagulant group, the DAPT group 
showed lower incidences of both ischemic complications (0 vs. 25%, respectively) and 
hemorrhagic complications (9 vs. 17%, respectively), and the authors reported that the inci-
dence of any kind of perioperative complications was reduced. Dalainas et al.  [26]  also 
reported the efficacy of DAPT in patients undergoing CAS ( table 3 ). From the results of these 
studies, it would become known that DAPT was associated with lower ischemic complica-
tions and lower hemorrhagic complications than anticoagulant therapy. On the other hand, 
cases of fatal strokes in CAS patients who underwent CAS who were not administered DAPT 
(aspirin alone or no antiplatelet agent) were reported  [27] . With regard to the currently 
recommended perioperative antithrombotic treatment at the time of CAS, five US academic 
societies released a Consensus Document on Carotid Stenting  [28] . That document stated 
that ‘the patient should be orally administered two antiplatelet agents (aspirin, clopidogrel) 
for at least 4 days prior to the operation when possible, and at least 24 h prior to the oper-
ation’, and ‘postoperatively, clopidogrel should be continued for at least 30 days, and aspirin 
should be continued for the rest of the patient’s life’. This has become the standard periop-
erative antiplatelet therapy.

  Which Antiplatelet Agents Are Better for CAS? 

 The combination of aspirin and clopidogrel has become common for DAPT in CAS based 
on evidence generated in coronary artery intervention. However, several antiplatelet agents 
are available ( fig. 4 ). The dose, regimen, or combination of these antiplatelet agents for CAS 
is not established.

  Aspirin 
 Aspirin irreversibly acetylates the enzyme cyclooxygenase-1 at serine 529 preventing 

the conversion of arachidonic acid to thromboxane A2 in a dose-dependent manner  [29] . 
Aspirin is the most widely used medicine for the prevention of cardiovascular diseases and 
reduces the risk of MI, stroke, and cardiovascular death by about 20% in a broad range of 
patients at high risk for future cardiovascular events  [30] . Based on randomized trials, aspirin 
is superior to CEA for patients with mild-to-moderate-grade carotid stenosis  [2, 4, 31] . For 
patients undergoing endarterectomy, low-dose aspirin is beneficial and reduces the periop-
erative risk of stroke, MI, and death  [32] .

  It is known that not all patients derive the same benefit from aspirin and up to 40% may 
be resistant to its effects due to many potential causes  [33, 34] . Although there are various 

Table 3.  Randomized trial compared with aspirin plus anticoagulant therapy and dual antiplatelet therapy

First author Outcome Aspirin + 
heparin

Aspirin + 
clopidogrel

p 
value

McKevitt [25] 30-day incidence of adverse neurological events 25% 0% 0.02
Bleeding complication 17% 9% 0.035

Dalainas [26] 30-day incidence of adverse neurological events 16% 2% <0.05
Bleeding complication 4% 2% NS
Subacute stent thrombosis 2% 0% NS
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laboratory assays to assess aspirin resistance ( table 4 ), no currently developed assay is 
specific for aspirin resistance and no accepted definition of aspirin resistance has been estab-
lished  [35–37] .

  Thienopyridines  
 Thienopyridines are prodrugs that selectively irreversibly inhibit the adenosine 5 ′ -diphos-

phate P2Y 12  receptor, first-generation thienopyridine, second-generation clopidogrel, and 
third-generation prasugrel. 

  For the prevention of stroke in secondary prevention trials, clopidogrel has been shown 
to be more effective in reducing the risk for MI, ischemic stroke, and vascular death in patients 
at risk of ischemic events  [38] .

  In patients with acute coronary syndrome treated with coronary interventions, long-
term DAPT with clopidogrel and aspirin is more effective than aspirin alone in preventing 
major cardiovascular events which include stent thrombosis  [39, 40] . The onset of the effect 
of clopidogrel is relatively slow because clopidogrel is a prodrug that requires metabolism for 
conversion to its active metabolite. So, achievement of effective platelet inhibition requires 
some hours after a loading dose  [41] . Clopidogrel has platelet inhibition variability as does 
aspirin; approximately 15–48% of patients have a poor platelet inhibition response to clopid-
ogrel  [42–44] . The antiplatelet effects achieved with a loading dose of clopidogrel are not 
always rapid or platelet reactivity measured by laboratory assays may persist in some patients 
despite the adjunctive use of clopidogrel. Certain common genetic variants of the hepatic 
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  Fig. 4.  Target of antiplatelet agents. TXA2 = Thromboxane A2; TP = thromboxane receptor; PAR = protease-
activated receptor; COX = cyclooxygenase; AMP = adenosine monophosphate; PDE = phosphodiesterase. 
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cytochrome P-450 system that are involved in the conversion of clopidogrel to its active 
metabolite have been suggested as one of the causes  [45] . Specifically, in patients who are 
carriers of a loss-of-function CYP2C19 allele (including the  * 2 and  * 3 alleles), the conversion 
of clopidogrel to its active metabolite may be reduced, resulting in decreased inhibition of 
platelet function and increased poor cardiovascular outcomes  [46, 47] . Conversely, carriers 
of the ultrarapid enzyme activity allele  * 17 have an increased platelet response to clopidogrel 
and an increased risk of bleeding  [48] . On the contrary, it has also been reported that these 
variants of CYP2C19 do not modify the efficacy and safety of clopidogrel clinically, so larger 
studies will be needed to definitively assess a genetic effect on the patients  [49] .

  For carotid artery stenosis, a randomized control trial in CAS which compared heparin 
and clopidogrel as treatment in addition to aspirin revealed a superiority of clopidogrel as 
mentioned above  [25, 26] . In addition, the Clopidogrel and Aspirin for the Reduction of Emboli 
in Symptomatic carotid Stenosis (CARESS) trial  [50]  showed that DAPT with clopidogrel and 
aspirin reduced the incidence of microembolisms determined by transcranial Doppler ultra-
sonography by 73% compared with aspirin monotherapy.

  Other Adenosine 5 ′ -Diphosphate P2Y 12  Receptor Antagonists 
 These reversible selective P2Y 12  receptor antagonists were not evaluated in clinical trials 

for perioperative antithrombotic therapy of CAS.

  Ticagrelor 
 Ticagrelor is a reversible adenosine 5 ′ -diphosphate P2Y 12  receptor antagonist. Unlike the 

thienopyridines, ticagrelor is not a prodrug and does not require metabolic activation to 
inhibit the P2Y 12  receptor. Conversely, due to its shorter half-life, it requires a twice daily 
administration. The Phase III Study of Platelet Inhibition and Patients Outcomes (PLATO) 
trial reported that ticagrelor is more effective than clopidogrel in vascular death, MI, or stroke 
in the patients with acute coronary syndrome  [51] . Contrary to this, it was also reported that 
ticagrelor was associated with a higher rate of major bleeding compered to clopidogrel  [52] .

  Cangrelor 
 Cangrelor is an adenosine triphosphate analogue, which directly determines reversible 

inhibition of the P2Y 12  receptor without needing hepatic biotransformation  [53] . Cangrelor 
is administered intravenously, with a very rapid onset of its effect and a short half-life. Because 
it quickly returns to pretreatment levels, cangrelor may be advantageous for patients who 

Table 4.  Platelet function test

Test Details Blood sample

Light transmission 
aggregometry

Platelet aggregation by several antagonists 
(collagen, ADP, shear stress, epinephrine, arachidonic acid)

Platelet-rich 
plasma

Point of care analysis PFA-100, verify now, platelet works, etc. Whole blood

Flow cytometry VASP phosphorylation, P-selectin Whole blood

ELISA Urine 11-dehydroTXB2, serum TXB2, platelet-derived 
microparticles

Serum

 TXB2 = Thromboxane; ELISA = enzyme-linked immunosorbent assay; VASP = vasodilator-stimulated 
phosphoprotein.
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need urgent surgery. Cangrelor was associated with a significant reduction in early ischemic 
events when compared with clopidogrel in patients with non-ST-elevation acute coronary 
syndrome undergoing PCI  [53] .

  Dipyridamole 
 Dipyridamole is not recommended for primary prevention of cardiovascular stroke. In 

the ESPRIT, extended-release dipyridamole plus aspirin was superior to aspirin alone for 
secondary prevention of MI, stroke, or vascular death  [54] . In other trials, compared with 
clopidogrel, extended-release dipyridamole plus aspirin could not show superiority to 
clopidogrel  [55, 56] .

  Cilostazol 
 Cilostazol, a reversible selective antagonist of phosphodiesterase III, reduces recurrent 

stroke with fewer bleeding complications by inhibiting platelet aggregation and augmenting 
vasodilation  [57–60] . It has a unique suppressive effect on the proliferation of vascular 
smooth muscle, as shown by its reduction of intimal hyperplasia and restenosis in patients 
after coronary intervention  [61] . Especially in drug-eluting stents, triple antiplatelet therapy 
with cilostazol, aspirin, and clopidogrel decreased angiographic restenosis, resulting in a 
reduced risk of target lesion revascularization compared with DAPT in diabetic patients  [62]  
or in drug-eluting stent implantation for long coronary lesions  [63] . A preventive effect of 
cilostazol on restenosis is similarly recognized after CAS  [64, 65] , so these results suggest that 
cilostazol may be a treatment option as perioperative antiplatelet therapy for CAS. Moreover, 
although cilostazol is expected to have side effects such as headache and tachycardia  [59] , 
cilostazol may exert preventive effects with regard to prolonged bradycardia due to factors 
such as the carotid sinus reflex following CAS. Poor platelet inhibition response to cilostazol 
has been not reported.

  GPIIb/IIIa Antagonist 
 With regard to GPIIb/IIIa antagonists, when administered starting 24 h prior to CAS, the 

incidence of ischemic complications reportedly decreased compared to the group with no 

a b c

  Fig. 5.  The representative case of 
intracranial hemorrhage due to 
hyperfusion syndrome after ca-
rotid stenting.  a  Prestenting an-
giogram of right internal carotid 
artery stenosis.  b  Stenting was 
performed with proximal protec-
tion.  c  The consciousness level of 
the patients gradually deteriorat-
ed 2 h after the procedure. Com-
puted tomography revealed sub-
arachnoid hemorrhage in the 
right sylvian fissure and intraven-
tricular hemorrhage. 
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administration, but cases of fatal intracranial hemorrhage were encountered  [66, 67] . There 
is a need for a controlled, prospective trial to clarify this safety aspect.

  The optimal drug combination for antithrombotic therapy remains unclear, but care 
seems warranted regarding the possibility of poor platelet inhibition response to drugs, and 
verification of antiplatelet effects by performing platelet function tests prior to stenting 
procedures is needed. Platelet function tests should also be performed with the objective of 
preventing hemorrhagic complications of CAS, since the procedure could – as in the case of 
carotid endarterectomy – lead to intracranial bleeding due to postoperative hyperperfusion 
 [68, 69]  ( fig. 5 ), and use of a large-diameter system might cause puncture site hematoma  [70] . 
An individual tailored antiplatelet therapy based on platelet function tests may eliminate 
resistance to antiplatelet therapy and reduce perioperative complications  [71] .

  Loading at the Time of Emergency Carotid Stenting 

 The most troubling problems are encountered when emergency CAS is required. When 
emergency recanalization is performed for acute occlusion, various situations may present, 
such as the discovery of stenosis of the cervical internal carotid artery or dissection of the 
intracranial internal carotid artery, or onset of severe stenosis causing progressive stroke. 
These situations are encountered surprisingly frequently. In these situations, loading admin-
istration of antiplatelet agents is necessary to prevent subacute stent thrombosis.

  Aspirin shows the most rapid effect, seen within about 1 h. Clopidogrel loading at 300 mg 
is also approved in the coronary artery field, but efficacy with 600 mg has recently been 
reported  [72] . We perform loading with 200 mg of aspirin and 600 mg of clopidogrel. In 
extreme emergencies, we sometimes add 200 mg of cilostazol.

  Conclusion 

 CAS is a widely accepted alternative for patients at high risk for endarterectomy. However, 
evidence for many antiplatelet agents that are used for preventing periprocedural ischemic 
events has not been established. Clopidogrel 75 mg and low-dose aspirin are commonly used 
in CAS but have not been standardized, and the dose and regimen of other agents such as the 
newly developed P2Y 12  receptor antagonists, dipyridamole, cilostazol, or the GPIIbIIIa antag-
onist used for CAS have not been not established, although there are some reports of their 
effectiveness. A prospective comparative study involving a greater number of patients under-
going CAS may be needed in the future to properly assess these antiplatelet agents.
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