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Background
• Current guidelines recommend DAPT and statin for carotid artery stenting 

1. Nguyen TA, Diodati JG, Pharand C. Resistance to clopidogrel: a 
review of the evidence.  J Am Coll Cardiol. 2005 Apr 19;45(8):1157-64

Dual Antiplatelet therapy 
• >72hrs pre-procedure
• Prevent platelet aggregation/stent thrombosis

Statin therapy 
• >5 days pre-procedure
• Plaque stabilization
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Non-adherence to Dual Antiplatelet Therapy (DAPT): Avoidable error?
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ROADSTER II: TCAR 30-day incidence death/stroke1,2

*in the absence of peri-operative DAPT protocol violation 

1Kashyap VS, Schneider PA, Foteh M, et al. Early Outcomes in the ROADSTER 2 Study of Transcarotid Artery Revascularization in Patients With Significant 
Carotid Artery Disease. Stroke. 2020;51(9):2620-2629.
2Naylor AR. There Is More to This Than Meets the Eye. Stroke. 2020;51(9):2608-2610. 

Per-Protocol* Protocol Deviation

Symptomatic 0.6% (1/165) 53% (8/15)

Asymptomatic 0.9% (4/467) 6.7% (3/45)
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31,036 CAS procedures were included 
for analysis, with 49.8% TCAR and 
50.2% TF-CAS cases
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Clopidogrel resistance is common in patients undergoing 
vascular and coronary interventions

Berenson AM, Hawken TN, Fort DG, et al. Clopidogrel resistance is common in patients undergoing vascular and 
coronary interventions. Vascular. 2023;31(1):58-63. doi:10.1177/17085381211059394

Berenson AM, Hawken TN, Fort DG, et al. 

• In a large integrated healthcare 
system (Oschner Medical Center, 
New Orleans)

• Heightened platelet reactivity (HPR) 
was found to be at the high range of 
published prevalence, 53% and 54%, 
respectively.

Conclusions: "Clopidogrel resistance" or HPR was found to be present in nearly half of 
patients with cardiovascular disease undergoing intervention.  
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Platelet Function Testing
Measures the ability of platelets to aggregate and promote clotting in a blood sample. 

There are a variety of tests available, but no one test identifies all problems with platelet 
function. 

Werfen. (2024). VerifyNow®. Retrieved from  https://www.werfen.com/na/en/point-of-
care-testing-devices/platelet-testing-verifynow 

Haemonetics Corporation. (2024). TEG® . Retrieved from 
https://hospital.haemonetics.com/hemostasis-management/teg-6s   

Paniccia R, Priora R, Liotta AA, Abbate R. Platelet function tests: a comparative review. Vasc Health Risk Manag. 2015;11:133-148. 
Published 2015 Feb 18. doi:10.2147/VHRM.S44469
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VerifyNow® TEG®

Cost $150 (for P2Y12 Only) $250.00

Labor + +++ / +

Time 10 Min 60 Min, but MA available sooner

Drugs tested P2Y12 or ASA ASA and P2Y12 Inhibition

Information obtained Less More

Ease of interpretation More Less

VerifyNow® vs.TEG ® Platelet Mapping

Guzman ED, Titus J. Identifying Clopidogrel Resistance in the Setting of TCAR. Supplement to Endovascular Today; August 2019:20-22. https://evtoday.com/pdfs/et0819_SilkRoad%20Supp_sec%208.pdf
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Consecutive TCAR patients from 6 
institutions 1/2018 – 1/2021

Inclusion Criteria
• 18+ years old 
• High grade (>80%) or symptomatic (>50%) carotid stenosis
• Preoperative VerifyNowTM P2Y12 testing within 30 days

Primary Outcome: CR prevalence

Secondary Outcomes: Incidence of ischemic & hemorrhagic 
complications

13Division/Department

SCREENED
67 patients

DEMOGRAPHICS
63% Male

62% Caucasian
Mean Age 74 (56-92)

42% Symptomatic
60 patients

EXCLUDED (n=7)

Mean Preop P2Y12
PRU 168 ± 81 (6-349) 

Alternative P2Y12 Inhibitor
VerifyNow > 30 days preop

48% RESPONDERS (n=29)
PRU 141 ± 32; 75-186

38% CR (n=23)
PRU 249 ± 43; 197-349 

13% HYPER-RESPONDERS (n=8)
PRU 35 ± 22; 6-64 

TCAR COHORT

CR defined as PRU ≥ 194 and hyper-response as PRU <70

13

§ High prevalence of CR in TCAR patients 

§ No significant differences in ischemic or hemorrhagic 

complications between different response phenotypes 
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Clopidogrel Resistance and its Role in TCAR Stent Thrombosis

• 152 of 210 TCARs (73%) were on DAPT 

• 133 (63%) underwent resistance testing

• 54 (41%) patients were resistant. 

• 25 (11.9%) patients experienced stent 
thrombosis within 30 days

• Among patients with resistance, 12 (22%) 
experienced stent thrombosis.

• Comparatively, 8 (10%) patients without 
resistance developed thrombosis (P = 0.021)

15

https://www.werfen.com/na/en/point-of-care-testing-devices/platelet-testing-verifynow
https://www.werfen.com/na/en/point-of-care-testing-devices/platelet-testing-verifynow
https://hospital.haemonetics.com/hemostasis-management/teg-6s
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P2Y12 assays correctly predicted resistance more 
accurately than TEG-PM

16

(70% correct vs. 40% correct) 
56% sensitivity and 73% specificity for stent thrombosis.

Adenosine diphosphate ≤ 50%  conferred Clopidogrel resistance by thromboelastography (TEG-PM).  
P2Y12 reaction units > 194 conferred Clopidogrel resistance by VerifyNow testing. 
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Plavix® (clopidogrel) Effient® (prasugrel) Brilinta® (ticagrelor)

• Not a prodrug
• Reversible, faster onset
• Twice daily maintenance 

dose
• Doses of ASA >100mg 

reduce potency (FDA boxed 
warning)

• Contraindicated in patients 
with prior intracranial bleeding

• Most selected alternative for a 
Plavix non-responder

• Prodrug with single pass 
activation

• Less variation in effect, 
faster onset

• Not recommended in 
patients >75 yrs

• FDA Black box warning 
for those with hx of 
TIA/stroke

• Prodrug with two passes to 
activate 

• Slow onset
• Many pt’s have genetic 

variants that may affect 
activation 

• Bioconversion inhibited by 
Proton Pump Inhibitors

• Risk of bleeding and 
thrombotic thrombocytopenic 
purpura

Variability of P2Y12 Inhibitors: 
What are the alternatives?

ASTRAZENECA. Brilinta (ticagrelor) [package insert]. U.S. Food and Drug Administration website. https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/022433s035lbl.pdf. Revised March 2024. Accessed July 11, 2024. 

SANOFI AVENTIS US. Plavix (clopidogrel) [package insert]. U.S. Food and Drug Administration website. https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020839s078lbl.pdf. Revised September 2022. Accessed July 11, 2024. 

COSETTE. Effient (prasugrel) [package insert]. U.S. Food and Drug Administration website. https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022307s018lbl.pdf .Revised December 2020. Accessed July 11, 2024. 
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SANOFI AVENTIS US. Plavix (clopidogrel) [package insert]. U.S. Food and Drug Administration website. https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020839s078lbl.pdf. Revised September 2022. Accessed July 11, 2024. 

COSETTE. Effient (prasugrel) [package insert]. U.S. Food and Drug Administration website. https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022307s018lbl.pdf .Revised December 2020. Accessed July 11, 2024. 
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• TFCAS or TCAR VQI patients from January 2016 to March 2021
 
• 1:3 propensity score-matched cohorts of patients who received 

perioperative aspirin/ticagrelor vs aspirin/clopidogrel.

•  The primary outcome was a composite endpoint of in-hospital 
stroke/death, and the primary safety outcome was access-
related bleeding.

• A secondary analysis assesses the outcomes after stratifying 
each cohort by intraoperative protamine use.

Marcaccio CL, Patel PB, Liang P, et alJ Vasc Surg. 2022;75(4):1293-1303.e8. doi:10.1016/j.jvs.2021.09.045

Conclusions: These findings suggest that aspirin/ticagrelor could be a reasonable alternative to 
aspirin/clopidogrel for both TFCAS and TCAR when protamine is used.

Outcome ASA/ 
Ticagrelor

ASA/
Clopidogrel

RR
(95%CI)

P value

TFCAS 517
(100)

1548
(100)

N/A N/A

S/D 4.1% 2.6% 1.5
(0.88-2.7)

0.129

TCAR 405
(100)

1213
(100)

N/A N/A

S/D 0.7% 1.4% 0.53
(0.16-1.8)

0.307

Table III: Matched In-hospital outcomes
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Ghamraoui AK, Chang H, Maldonado TS, Ricotta JJ 2nd. J Vasc Surg . 2022;75(5):1652-1660. doi:10.1016/j.jvs.2021.11.060

11,973 TCAR/clopidogrel 
patients in the VQI

426 TCAR/ticagrelor 
patients in the VQI

Propensity-
matched

426 Clopidogrel 
patients

426 Ticagrelor 
patients

P 
value

Stroke/death 6(1.4) 4(0.9) 0.476

Stroke 6(1.4) 2(0.5) 0.136
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https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/022433s035lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020839s078lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022307s018lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/022433s035lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/020839s078lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022307s018lbl.pdf
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Conclusions
§ Periprocedural P2Y12 inhibitors improve perioperative outcomes after 

carotid stenting by primarily decreasing strokes

§ Clopidogrel resistance is not an uncommon phenomena (15-48%)

§ CR may be a spectrum from responder to partial responder to complete 

non-responder

§ Higher acute stent thrombosis rates noted in patients with resistance.
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Conclusions
§ There are a variety of tests available, but no one test identifies all 

problems with platelet function. 

         In one study, Verifynow P2Y12 testing appeared to have superior accuracy compared to 

         thromboelastography (TEG-PM) for predicting CR. 

 (sensitivity of 56% and specificity of 73% for stent thrombosis)

§ Use of ticagrelor as a safe alternative to clopidogrel n patients undergoing 

carotid stenting in whom clopidogrel non-responsiveness is of concern.

26

26

27


